Original Article

Blood Pressure Measurement During Aerobic Exercise: Subsidies for
Cardiac Rehabilitation
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Programa de Pés-Graduagao em Educacdo Fisica da Universidade Gama Filho'; Clinica de Medlicina do Exercicio — CLINIMEX?, Rio de Janeiro,
RJ - Brazil

Summary

Background: Institutional documents recommend that hemodynamic variables - heart rate (HR) and systolic (SAP) and
diastolic arterial pressure (DAP) — be routinely controlled at the aerobic part of supervised exercise sessions for coronary
disease patients.

Objectives: a) to determine the pattern and reproducibility of the blood pressure (BP) throughout 15 minutes of
physical exercise at constant and moderate intensity; and b) to compare the BP measurement obtained with digital and
conventional device during the exercise.

Methods: Thirty adult individuals of both sexes (6511 yrs) were assessed for 15 minutes during lower-limb cycle
ergometry and the BP was measured every 2 minutes, between the 3 and the 13" minutes, using a Tango digital
sphygmomanometer (Suntech, USA) and in the 14" minute, using a mercury column sphygmomanometer. Seven days
later, at similar time of the day, six individuals had the test repeated to evaluate reproducibility.

Results: Whereas the DAP did not vary throughout the exercise (p> 0.05), SAP increased from the 3" to 7" minute
(146+4.1 versus 158+4.5 mmHg, p<0.05) and thereafter remained practically constant. The digital and conventional
measurements showed a strong correlation - r = 0.83 for SAP and 0.84 for DAP - with no differences for SAP (163+4.5
versus 162+4.3 mm Hg; p>0.05) and a small difference for DAP (72+2.4 versus 78+2.3 mm Hg; p<0.05).

Conclusion: For exercises of moderate and constant intensity in a cycle ergometer with a 15-minute duration, BP
measurements must be carried out from the 7" minute on. The digital measurements with the Tango equipment and
those obtained with the conventional mercury-column sphygmomanometer were, for clinical purposes, very similar and
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reproducible. (Arq Bras Cardiol 2009;93(1):42-48)
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Introduction

There is a consensus that regular physical exercises are
an important component in the primary and secondary
prevention of coronary disease’. Institutional documents®?,
have suggested that the aerobic component of the physical
exercise must be prescribed regarding the weekly frequency
and the duration and intensity of the exercise session. Although
the rate of adverse cardiovascular events is relatively low
during the supervised exercise sessions*, it seems appropriate
to maintain a more accurate and individualized control
of the aerobic prescription in patients with more severe
cardiopathies®.

[tis known that the heart rate (HR) increases rapidly within the
first seconds of a dynamic exercise, primarily due to the inhibition
of the cardiac vagal action®, which progressively increases with
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time, especially when the effort intensity is = 80% of the load in
which the anaerobic threshold was detected’”. However, although
the blood pressure (BP) measurement is recommended and
frequently performed during supervised exercise sessions, little
is known about its behavior during a 10-20 minute exercise at
constant intensity.

While the HR measurement is easily obtained by heart
rate monitors or through electrocardiographic recordings, the
BP measurement is more difficult to obtain and has technical
limitations, starting with its discontinuous nature. If, on the
one hand, the intra-examiner variability can be limited by the
use of digital equipment during physical exercise, especially
regarding the noise that is inherent to the activity, its use is
more troublesome. Recently, a digital sphygmomanometer,
which associates the sounds captured by the microphone
with the electrocardiogram signal to identify the moment of
ventricular depolarization, was developed and validated for
use during physical exercise®. This equipment has allowed
the quantification of the BP response at several moments of
a constant-intensity exercise carried out in a lower-limb cycle
ergometer, trying to control biases and other causes of intra-
examiner variability.
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The objectives of this study were: a) to determine the BP
behavior throughout 15 minutes of constant and moderate
intensity physical exercise; and b) to compare and determine
the reliability of the BP measurements during exercise in a
lower-limb cycle ergometer obtained with a precise digital
device as well as with a conventional one.

Methods

Sample

A total of 30 adult individuals (28 men) were selected by
convenience, according to the following inclusion criteria: a)
to have regularly attended a Supervised Exercise Program (SEP)
for at least three months; b) to have completed a minimum
of 30 sessions; c) to perform, during the aerobic part of the
session, uninterrupted 15-minute constant exercising, with
a previously established load based on the results of the
maximum cardiopulmonary exercise testing, sporadically
adjusted to maintain the individual within the target heart
rate zone in a lower-limb cycle ergometer; d) to exhibit sinus
rhythm with no more than three extrasystoles per minute.
The main clinical conditions and medication use are shown
in Table 1.

Experimental protocol

Initially, the procedures were explained and a free and
informed consent form was obtained from all participants.
All the individuals had been previously submitted to a
maximum cardiopulmonary exercise testing in a lower-
limb cycle ergometer, along with the measurement and
analysis of the expired gases, in which the data necessary
for the individualized prescription of aerobic exercise was
obtained.

After the heart rate monitor (Polar®, Finland) was placed
on the left wrist and weight was measured, the pre-exercise
BP and HR were obtained through an Omron professional
digital sphygmomanometer, model XML-907 (Omron, USA)?,
under the direct supervision of the physician. After this
procedure, if the values obtained did not exceed the limits

Clinical conditions and anti-hypertensive drugs used by
the individuals

Data N/Total (% of individuals)
Coronary Artery Disease 20/30 (70)
Metabolic Syndrome 2/30 (6.7)
Systemic Arterial Hypertension 15/30 (50)
B-Blocker 18/30 (60)
ACEi 13/30 (43)
Ca*? Blocker 7/30 (23)
AT2 Antagonist 7/30 (23)
Diuretics 3/30 (10)

ACEi: angiotensina-converting enzyme inhibitor; Ca*? Blocker; Calcium
channel blocker; AT2: Angiotensin Il Antagonist; Obs. - Some individuals
used more than one type of anti-hypertensive medication, which explains
the sum of percentages > 100%.

of variation that were usually observed, the individual was
positioned on a Cateye lower-limb cycle ergometer, model
EC-1600 (Cateye, Japan) and then, the cuff of the Suntech
digital sphygmomanometer, model Tango (Suntech, USA)
was placed on the participant’s right arm and three thoracic
electrodes were used to obtain the CC5 position. The digital
sphygmomanometer was then configured to automatically
measure BP in the 3, 5", 9" 11" and 13" minutes of the
exercise, automatically inflating the cuff up to 30 mmHg above
the maximum systolic arterial pressure reached in previous
sessions under the same exercise conditions. The deflation
rate was set at 8 mmHg/s, corresponding to approximately 35
seconds to inflate and deflate the cuff at each measurement.
After the last measurement performed by the equipment, in
the 13" minute, the cuff was removed and a conventional
mercury-column sphygmomanometer was positioned on the
same limb, and another examiner, who had not participated
in the procedure so far, obtained the BP measurement.

The individual’s arm was positioned at the level of the heart
and supported by the examiner. The experimental protocol is
shown in Figure 1. In order to standardize the measurement
technique, the assessed individuals were advised to position
the right arm on the supine position, with the hand resting
on the cycle ergometer handlebar anytime the Tango™
sphygmomanometer started to inflate. The measurement
obtained with the conventional sphygmomanometer is
standardized in our research group and it is carried out by
inflating the cuff up to around 30 mmHg above the individual’s
previously known SAP and, thereafter, deflating the cuff at
a rate of 2 to 4 mmHg/s. According to the characteristics of
the cycle ergometer used in the study, the load progressively
increases in the first three minutes until it reaches the
established load, which is then maintained up to 15" minute
of exercise. The load in the cycle ergometer was individually
established according to the maximum cardiopulmonary
exercise testing and the previous SEP sessions, in order to
reach the proposed target heart rate zone for aerobic training.
Subsequently, six individuals (20% of the sample selected for
the study) were reassessed, with a one-week interval between
the two assessments, at a similar time of the day and under
the same conditions of regular medication use.

Statistical analysis

Means, standard deviations, minimum and maximum
values and/or percentages were used to describe the sample
data. For the inference procedures, the variability of the results
was expressed by standard error of mean. ANOVA was used
to compare the means of the HR and BP values for repeated
measurements at each one of time intervals chosen for the
study, followed by Bonferroni’s test, which was used to locate
the differences. To compare the BP measurements between
the two types of equipment and also for the comparisons
between the BP results at the two assessments, paired t tests
were used and the respective coefficients of correlation
were obtained. Bland-Altman diagrams were also obtained
to evaluate the reproducibility of the measurements. The
minimum sample size was calculated as equal to 29 and it
was estimated from the expected variation of 5 mmHg in BP
measurements during the moderate and constant intensity
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exercise. The statistical calculations were carried out with the
GraphPad Prism program version 5 (GraphPad, USA) and the
level of significance was set at 5%.

Results
Demographic characteristics

The age of the 30 assessed individuals was 65 = 11
years, ranging from 46 to 86 years; height was 170 = 6.5 cm
and weight was 79 = 6.5 kg. A total of 70% of the sample
presented coronary artery disease; 10 individuals had been
submitted to myocardial revascularization and 50% of the
individuals had been diagnosed with and received treatment
for systemic arterial hypertension. As for the use of anti-
hypertensive drugs, it was observed that $-blockers were the
most often used ones, followed by angiotensin-converting
enzyme inhibitors (ACEI), respectively, in 57 and 43% of the
sample. The systolic (SAP) and diastolic (DAP) arterial pressure
at rest were, respectively: 125 = 14, 68 £ 8 mm Hg and HR
was 65 = 10 bpm.

Bp and HR during exercise

The upper part of Figure 2 shows that HR increases
throughout the 15 minutes of exercise with a constant
load at the cycle ergometer, initially faster (p < 0.05) and
subsequently, more gradually, so that the values differed
when compared to those obtained in the 3 minute, 95
+ 2.4 bpm, reaching, respectively, in the 7%, 9% 11 and
13" minutes, the values of 102 = 2.7 bpm, 104 = 2.9
bpm, 105 = 3.2 bpm and 107 = 3.2 bpm. Figure 1 also
shows the SAP increase up to the 7" minute of exercise
(p < 0.05), with values then remaining stable (p > 0.05),
especially between the 9" and the 13 minutes of exercise,
when they were virtually identical. The DAP presented a
stable behavior throughout the exercise and there was no
difference among the values obtained between the 3" and
13™" minutes (p > 0.05).

Digital and conventional BP measurements during the
exercise

The other measurement obtained at the end of the exercise
session allowed the comparison between the digital and the
conventional BP measurements: similar values were observed
for SAP - 163 = 4.5 versus 162 = 4.3 mm Hg (p > 0.05) and
slightly distinct ones were observed for DAP - 72 + 2.4 versus
78 = 2.3 mm Hg (p > 0.05). The diagrams of dispersion in the
two SAP and DAP measurements are shown in Figures 3 and
4, with very similar coefficients of correlation of, respectively,
0.83 and 0.84. The difference between the SAP measurements
carried out with the digital sphygmomanometer and the
conventional one exceeded 10 mmHg in 13 individuals (more
than 10% in 5 cases); regarding DAP the same difference was
found in nine individuals.

Reassessment

The protocol repetition in six individuals showed very
similar values regarding the several measurements obtained
throughout the 15-minute exercise session. The SAP (p =
0.31) and DAP (p = 0.53) values in the 13 minute not only
did not differ, but also showed significant correlations — r =
0.99 — (p < 0.05) for SAP and 0.65 for DAP (p > 0.05). The
similarity of the results can be better observed in the respective
Bland-Altman diagrams (Figures 5 and 6).

Discussion

The view of the American College of Sports Medicine
on exercise and hypertension and the Brazilian Directive on
Hypertension'" encourage the practice of regular physical
exercises for individuals with SAH and other cardiovascular
diseases. This recommendation proposes the performance
of aerobic exercises, on most days, for at least 30 minutes
at moderate intensity. While HR measurements are
recommended and regularly obtained, it is noteworthy
that there is no mention about a systematization of BP

BP/HR
PRE-EXERCISE

EXPERIMENTAL PROTOCOL

EXERCISE

lllli
79 11 13 15

Minutes

Figure 1 - Experimental protocol. The first arrow represents the measurement of BP and HR before the start of the exercise; the following arrows represent the moments
in which the BP was measured by the digital sphygmomanometer and the last arrow represents the moment when the digital Tango sphygmomanometer (TA) was removed
and the BP measurement was carried out with the conventional mercury-column sphygmomanometer (MC).
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Figure 2 - SAP and HR behavior during the constant-intensity aerobic
exercise carried out in a lower-limb cycle ergometer, measured by the digital
sphygmomanometer. The time intervals underlined by the same bar do not
show significant difference between them (p>0.05). The lines in the figure
represent, respectively: minimum value, 25th percentile, median, 75th percentile
and maximum value.
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Figure 3 - Correlation between the systolic arterial pressure measurements
carried out by the digital sphygmomanometer and the conventional, mercury-
column sphygmomanometer in the last minutes of a constant exercise.
Coefficient of correlation - r = 0.83.

measurement during an aerobic exercise — of constant and
moderate intensity, with a duration = 10 minutes — as well
as about threshold values, such as the moment when these
measurements must be carried out, in either these documents
or in those in which the Brazilian Society of Cardiology
standardizes the procedures for supervised exercise sessions
and cardiac rehabilitation programs'?.

Several authors' ' have studied the behavior of
cardiovascular variables during prolonged, moderate-intensity
exercise and, in particular, the concept of cardiovascular drift
is worth mentioning, originally described by Saltin et al'® in
1964, which corresponds to the slight, but systematic HR
increase with the exercise. According to Aradjo’, during an
exercise carried out in a cycle ergometer with an intensity
of 80% of the individual anaerobic threshold by young and
healthy adults, there would be an increase of approximately
0.6 bpm for each minute of exercise from the 10" minute on.
The result obtained in the present study, a mean variation of
3 beats between the 9" and the 13" minutes of exercise, is
quite similar to that obtained by Aradjo’. This HR increase
would be the result of a decrease in the systolic volume and
would aim at minimizing a reduction in the cardiac output
and would be influenced by the sympathetic activity, by the
body temperature and by the redistribution of the peripheral
blood flow, which could result in a slight SAP decrease after
15 minutes of exercise.

Interestingly, although in most situations of supervised
exercise for patients with cardiopathies, the constant exercise
has a more typical duration of 10 to 30 minutes, the behavior
of the BP in this situation is virtually unknown.

If, on the one hand, the measurement of the HR during
the exercise is much more simple, as it can be obtained
non-invasively and continuously, with high reliability and
low cost, the same is not true for the BP. The invasive and

140
=)
£ 1204
E [ ]
2 100- o« /o
a
E e o
S 80 -
= s
g ey
S 60- .
o
r=0.84
40 ——
40 60 80 100 120 140
DAP Tango (mmHg)

Figure 4 - Correlation between the diastolic arterial pressure measurements
carried out by the digital sphygmomanometer and the conventional, mercury-
column sphygmomanometer. Coefficient of correlation - r = 0.84.
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complex high-quality measurement does not apply, however,
to the daily situations of supervised exercise or cardiac
rehabilitation programs. Equipment that allows the continuous
and noninvasive measurement of the BP - beat by beat — are
not practical, in addition to being high-cost and subject to
interference and technical difficulties that prevent their routine
use in situations of prolonged exercise. Therefore, in clinical
practice the measurement of BP during the exercise is carried
out discontinuously (in general, only a single measurement
for a constant and moderate-intensity exercise, with a
duration between 10 and 30 minutes), using conventional
sphygmomanometers and the auscultation technique carried
out by a professional specifically trained for this measurement
under exercise conditions. Considering the specific difficulties
of the mechanical aneroid sphygmomanometer for exercise
situations, most services that measure BP during exercise use
the mercury-column sphygmomanometers.

In the last years, the use of the mercury-column
sphygmomanometer has been the object of criticism due to
its possible environmental implications, notably in European
countries', although in Brazil, this matter has not been more

broadly discussed. Equipment with digital technology has been
launched in the market for some decades, primarily intended
for the nonmedical population; however, more recently, the
manufacturers have proposed to meet higher quality standards,
with a degree of reliability that is compatible with the full
clinical use™. Nevertheless, this is still a debatable question
and far from being consensual, with many considering the
century-old and classic measurement method as the “gold-
standard” of BP measurement'*-*'.

A question that has been little discussed regarding the
use of digital technology to measure BP is the validity of the
measurement performed during exercise conditions. The
performance of this measurement presents some additional
challenges, even for experienced professionals, caused by
higher HR, arm movement and positioning, background
noise, including those associated with the equipment where
the exercise is being performed. An alternative to this
question was presented by Cameron et al®, who used a digital
sphygmomanometer, commercially called Tango, previously
validated by the Food and Drug Administration (FDA), and
compared their BP measures with those obtained invasively,
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Figure 5 - Bland-Altman diagram representing the SAP difference between the first and the second assessments, carried out with a digital sphygmomanometer in the

13" minute of constant aerobic exercise.
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Figure 6 -Bland-Altman diagram representing the DAP difference between the first and the second assessments, carried out with a digital sphygmomanometer in the

13" minute of constant aerobic exercise.
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attaining quite favorable results in individuals submitted to
a treadmill exercise test with modified Bruce protocol. This
piece of equipment uses an additional resource to reduce or
eliminate artifacts or background noise that impair or prevent
the BP measurement in exercise conditions. Obtaining valid
BP measurements through this digital sphygmomanometer
during exercise became possible due to an ingenious process
of sound selection obtained by the amplification of Korotkoff
sounds by a built-in microphone in the cuff, through the
simultaneous obtaining of an electrocardiogram (ECC) through
electrodes positioned on the individual’s chest, allowing the
equipment to select which sounds would be true or caused
by artifacts and irrelevant background noise, resulting in valid
and reliable measurements.

Atleast in the context of the present study, lower-limb cycle
ergometry, the BP measurements obtained with the digital and
conventional sphygmomanometers did not differ and showed
to be strongly associated.

In a small percentage of cases (< 20%), the differences
were > 10 mmHg, without defining a uniform pattern of
under or overestimation of one of the sphygmomanometers
that could have some clinical relevance. Additionally, the
digital measurements also showed to be quite reproducible
when they were repeated after a one-week interval. However,
it is worth mentioning that, in some rare cases (< 5% of the
individuals), it was not possible to obtain BP measurements
with this digital equipment. That occurred with an individual
that used a pace-maker and another that was extremely obese,
probably due to difficulties in the identification of the R-wave
of the ECG. On the other hand, rare isolated extrasystoles
did not seem to significantly influence the obtaining of the
digital BP measurements. The digital measurement seems to
be also extremely reproducible in repeated and sequential
measurements of the same individual and the small individual
differences do not seem to be clinically relevant.

The present study did not aim at evaluating or comparing
operational advantages and the economical viability of
routinely incorporating the digital equipment used in SEP or
in exercise test situations.

The comparative results between the digital and the
conventional measurements of DAP were somewhat different
from those observed for SAP. The DAP measurement by the
digital sphygmomanometer was around 6 mm Hg lower
than the value obtained by an experienced examiner using
a conventional mercury-column sphygmomanometer. It is
known that the accurate criterion for the DAP measurement
has always been a challenge, as, in opposition to the start of a
clear and repetitive sound that characterizes the first phase of
Korotkoff sounds when SAP is measured, there is no consensus
if the DAP better corresponds to the muffling and change in
the sound pattern or to its complete disappearance??, the latter
occasionally absent in exercise conditions.

Considering this last aspect, the standardization of the DAP
measurement during exercise by our group is carried out by
the muffling or change in the sound pattern, perhaps justifying
the significant difference, although of little clinical relevance,
of 6 mmHg in the DAP measurement, which does not vary

throughout the moderate and constant intensity exercise with
a 15-minute duration. In accordance with this discussion,
the reproducibility of the DAP measurement was lower than
that of the SAP.

Considering the protocol and the present study sample,
some limitations must be considered: a) it is not possible to
guarantee that in situations of moderate and constant intensity
exercise with a duration > 15 minutes, the DAP and SAP will
remain indefinitely constant from the 7" minute of exercise on;
b) it is possible that in some environments with unfavorable
climate conditions, with higher levels of temperatures and
humidity, capable of inducing some degree of dehydration, the
BP behavior can be different; c) the digital sphygmomanometer
measurements were obtained in exercises performed on a
cycle ergometer and the BP behavior during exercise on a
treadmill or other types of equipment were not studied; and
d) it is possible that distinct clinical responses be obtained in
hypertensive patients without adequate clinical control.

As previously mentioned, the literature is very limited in
the description of the BP behavior during constant exercises
with a duration of 10-20 minutes, a more frequent form of
exercise session, in comparison with the extensive description
of the pressure response to submaximal exercise.

The use of a high-technology digital sphygmomanometer,
which was previously validated for exercise conditions, in the
present study allowed us to effectively control the possibility
of intra-examiner variations in the measurements of SAP and
DAP, an essential condition to obtain the study results.

This is an original approach and allows us to consider
that the occasional variations obtained in the SAP and
DAP measurements during exercise would be solely due
to the physiological responses, without any influence of
the physician-examiner. Considering that, the present
study brings an important combination for the body of
knowledge, mainly in the cardiac rehabilitation area and
that of supervised exercise programs, supporting the fact that
the BP measurements during exercise in a lower-limb cycle
ergometer with constant load, can be performed, without any
impairment, from the 7" minute of exercise on, considering
that the measurement will not undergo significant alterations
until the end of the exercise.

Based on this information, we intend to contribute to
the improvement of the quality of information and a better
clinical safety, especially for those individuals that need a more
stringent follow-up of their hemodynamic variables during the
exercise session.

Conclusions

We conclude that, in exercises performed in a lower-limb
cycle ergometer with moderate and constant intensity and with
a 15-minute duration, the BP tends to increase, initially, reaching
a plateau around the 7" minute; the SAP values will be clinically
and statistically similar from then on. The measurements carried
out with the digital sphygmomanometer showed to be accurate
and reproducible, as demonstrated during the reassessment of
the individuals performed a week later.
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