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Evaluation of Prescription of Exercise, for Rehabilitation of Coronary
Artery Disease Patients by Myocardial Scintigraphy
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Summary
Background: It is advisable that the intensity of the exercises for rehabilitation of patients with coronary artery disease
does not cause myocardial ischemia.

Objective:Compare the capacity of myocardial tomographic scintigraphy with the electrocardiogram capacity in ischemia
detection during rehabilitation session.

Methods: Twenty six patients with coronary artery disease, undergoing the rehabilitation program and with previous
scintigraphy, with transient hypo-uptake have been administered a new injection of MIBI-Tc-99m during a training
session when they were also monitored with dynamic electrocardiography. The rest scintigraphies, after ergometric
treadmill test and rehabilitation session, were assessed in a semi-quantitative way using scores from 0 to 4 to classify
each one of the chosen segments (0 = normal; 1 = discrete hypo-uptake; 2 = moderate; 3 = intense; 4 = lack of
uptake).

Results: The means of the total scores found were: at rest = 12.9; after treadmill test = 19.3; after rehabilitation session =
15.1. There were statistically significant differences among them. An individual assessment showed that in 14 cases (53.8
%) hypo-uptake to some degree was identified during rehabilitation and in 12 cases (46.6%) it was not. Monitoring with the
Holter system didn’t show in any of the cases a ST segment depression equal or greater than Tmm.

Conclusion: The exercises prescribed for patients with coronary artery disease, according to recommendations found in
the literature, may trigger myocardial ischemia, assessed by scintigraphy during a rehabilitation session. (AArq Bras Cardiol
2008;91(4):223-228)
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Introduction

The concept of cardiovascular rehabilitation is currently
confounded with that of secondary prevention, especially
in the case of coronary arterial disease’. However, physical
exercise is the basic foundation of programs and, alone, is
able to promote benefits such as symptom minimization or
extinction*?, and the peripheral adaptations*® which determine
increase in the physical capacity’' capable of reducing the
ischemic manifestations to sub maximum charges. It also
has an important role as aid in the fight against diabetes risk
factors, sedentariness, hypertension, dyslipidemia and obesity.
In spite of the unquestionable benefits, to exercise patients
with coronary heart disease can be potentially harmful. Acute
coronary events can cause sudden death, despite their low
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incidence''. The prescription of exercises that cause long
periods of myocardial ischemia can be the foundation for
triggering ventricular fibrillation and could, in the long term,
cause myocardial necrosis'?, considering trials carried out with
animals'>'. Thus, the intensity of the prescribed exercises must
remain below the intensity capable of causing myocardial
ischemia, which is generally assessed through symptoms or
ST segment depression. Such proposition is recommended
by current guidelines'. Our option, among the several ways
of prescribing these exercises, is to restrict them to the useful
functional capacity'®, which is the maximum effort level with
absence of symptoms or clinical, electrocardiographic and
hemodynamic changes. In patients without these changes,
the Borg scale'” between 13 and 15 is used, corresponding
to the subjective sensation of somewhat hard - steady pace
to hard. The greater sensitivity of the myocardial perfusion
scintigraphy for diagnosing myocardial ischemia, as related to
the occurrence of angina and to the ST segment depression,
spurred the interest in studying the safety level of that
prescription. The objective of this study is to compare the
capacity of myocardial tomographic scintigraphy with the
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electrocardiogram capacity in ischemia detection during a
rehabilitation session. The study was approved by the ethical
committee of the institution.

Case Report
Study population

Out of the 143 patients participating in the supervised
rehabilitation program in our institution, 39 were selected
presenting: period of permanence in the program higher
than six months; diagnosis of coronary arterial disease made
through previous cinecoronary arteriography with at least one
obstructive lesion, equal or greater than 70%, ST segment
depression in one of the main coronary arteries, triggered by
effort of at least one millimeter in ergometric test done within
one year before; lack of obstruction of the left branch and
of pre-excitation to 12-derivation electrocardiogram. After
signature of the respective informed consents, a myocardial
scintigraphy was conducted with MIBI-Tc-99m, associated
with ergometric treadmill test according to Bruce protocol.
After a period not greater than a week, a rest scintigraphy was
conducted. The cases presenting scintigraphic study compatible
with transient myocardial ischemia in at least one segment of
the left ventricle, were selected through visual assessment.
In this initial scintigraphic analysis, 13 cases were excluded,
where transient evident ischemia induced by exercise could
not be diagnosed. Thus, the other 26 patients between 49 and
81 years of age (mean = 63,2 years) continued in the trial. A
total of 13 patients (50%) were submitted to revascularization
surgery. Myocardial infarction had occurred in 10 patients
(38.5%), not submitted to subsequent surgery or angioplasty.
An angioplasty during acute phase of myocardial infarction
was conducted in two patients (7.7%) and elective angioplasty
in one patient (3.8%). Among the 10 patients not submitted
to revascularization, five (50%) had lesions in one artery, one
(10%) in two arteries, and four (40%) in three vessels. The
cinecoronary arteriography, before the revascularization, in
the other 16 patients, showed that two (12.5 %) had lesions
in one artery, eight (50%) in two arteries, and six (37.5 %) in
three arteries.

Methods

All patients, after the initial scintigraphies, were connected
to a dynamic ECG recorder, before the beginning of the
rehabilitation session, in order to obtain a new scintigraphy
associated with the prescribed exercise. The recording,
in Cardios® cassette tape recorder, in the MC2 and MC5
derivations covered all session. Before the stage known as
continuous aerobics, done during 20 minutes in an ergometric
bicycle with a prescribed charge, a peripheral vessel of one of
the upper limbs was catheterized. On the next to last minute
of the exercise the MIBI-Tc-99m dose was administered and
the event button was activated in order to precisely evaluate
the electrocardiographic tracing of the moment. Around one
hour later, a new stress scintigraphy was obtained. ECG tracings
of five and ten seconds, in the beginning of recording and
when MIBI-Tc-99m was injected, were identified and printed
in paper for visual analysis of the ST segment in successive
complexes, with stable baseline.

Bicycle ergometric test for exercise prescription

A previous test for exercise prescription, limited sign and/or
symptom, and during use of the medication was previously
conducted in mechanical ergometric bicycle, with initial charge
of 25 watts and 25-watts increments at every five minutes,
The rehabilitation exercise prescription was based on cardiac
rate and frequency at the end of the testimmediately previous
to the stage that caused symptoms, and hemodynamic or
electrocardiographic changes. In individuals not presenting
symptoms or any clinical and electrocardiographic changes,
the cardiac rate and frequency were those when the patient
showed stress perception level, between 13 and 15 of the Borg
scale, that is, somewhat hard - steady pace to hard.

Myocardial scintigraphy

Myocardial perfusion scintigraphies were conducted
through Single-Photon Emission Computed Tomography
(SPECT), using as perfusion marker 2-Methoxyisobutylisonitrile
marked with Technetium-99m (MIBI Tc 99m).

The scintigraphies interpretations were done by consensus
of the two observers, using a score system for each of the
20 segments of the four tomographic sections, chosen as
follows: section of the minor apical axis, section of the minor
medial axis, section of the minor basal axis, medial section
of the vertical major axis. The highest intensity segment of
radioactivity uptake, for each section, of each scintigraphy,
was chosen as a reference. To this segment a value O (zero)
was given. The adjacent segments of the same section received
scores according to the following criteria:

* 0 = if they presented the same radioactivity reception
intensity;

* 1 = if they showed a discrete hypo-uptake;

* 2 = if they showed moderate hypo-uptake;

* 3 = if they showed an intense hypo-uptake; and
* 4 = in the absence of uptake.

The total of scores given to each segment of the four chosen
sections was defined as the score of each scintigraphy, two of
stress and one at rest. With this method, the scores of stress
and at rest being equal indicate the absence of hypo-uptake
induced by stress, and consequently the absence of ischemia
induced by stress. If the score at stress is greater than at rest,
this indicates the presence of hypo-uptake induced by stress,
and consequently, ischemia induced by stress.

Supervised rehabilitation session

The rehabilitation session when the MIBI-Tc-99m dose
was administered for a second stress scintigraphy was similar
to all the sessions undergone by the patients, and was thus
composed:

a) Warming: walking at normal pace for five minutes;

b) Aerobic stage with active pause: two to three minutes
walks, interspersed by small races of one to two minutes, for
15 minutes;

c) Continuous aerobic stage: exercise in mechanical
ergometric bicycle with applied charge, according to
prescription based on the useful functional capacity, for 20
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minutes;

d) Localized resistance exercises and stretching for 20
minutes.

Statistical analysis

The variables referring to ergometric tests in treadmill and
bicycle, the prescribed charge and corresponding heart rate,
the heart rate at the beginning of monitoring by the Holter
system, and the heart rate during injection were summarized
as means and standard deviations. The comparison between
the prescribed heart rate and the observed heart rate when
injecting MIBI-Tc-99m was made by paired Student’s t test.
The scores obtained in the rest scintigraphy, after treadmill
ergometric test and during the rehabilitation session were
presented as means and 95% confidence intervals (C195%).
The comparisons between the scores in the three situations
were made with the analysis of variance technique (ANOVA)
with repeated measurements. To localize the differences, the
Bonferroni method for multiple comparisons was used.

Results
Treadmill ergometric test for obtaining myocardial
scintigraphy

The average exercise time on Bruce protocol was 7.4
minutes (SD=2.1). The heart rate mean varied from 73.6
bpm at rest to 137.1 bpm (SD=18.5) at stress peak. The
blood pressure mean at rest was 141.3 (SD=21.3) / 83.4
(SD=8.9) mmHg, reaching 197.3 (SD=32)/82.6 (SD=7.2)
mmHg at stress peak (tab. 1). All patients presented ST segment
depression triggered by stress, but seven (27%) showed
depression between 0.5 and Tmm. In 19 cases (73%) the
depression was equal or higher than T mm. The mean value
of the depression was 1.31 mm (SD = 0,74). Angina pectoris
was the cause for exercise discontinuation in four patients
(15.3%) and exhaustion in the others 22 (84,7%).

Bicycle ergometric test for exercise prescription.

The maximum average charge attained was 76 watts (SD =
14.9). The cardiac frequency mean varied from 71.3 bpm (SD
= 12.8)atrestto 111.7 bpm (SD=22.9) at stress peak. Mean
values of blood pressure varied from 129.8 (SD=17.5)/75.5
(SD = 10.1) (mmHg) on previous controls to 183.6 (SD =
22.5)/85.4 mmHg (SD = 15.4) at stress peak (tab. 1).

Results of prescription based on useful functional capacity

The average charge was 49 watts (SD = 8.6). The mean
cardiac frequency for training was 104.7 bpm (SD = 15,7)
representing, also in average, 66.7% (SD = 9.4) of the
theoretical maximum cardiac frequency for the age (tab. 1).

Dynamic electrocardiographic monitoring

ST segment depression less than one millimeter or
additional depression also less than one millimeter occurred
in three cases only (11.5%) when MIBI-Tc-99m was injected
during rehabilitation session. No patient had depression equal
or greater than one millimeter. The mean cardiac frequency at
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restwas 82.7 bpm (SD = 14.3) and on injection was 102.6 bpm
(SD = 15.1). There was no statistically significant difference
between the cardiac frequency observed during injection of
MIBI-Tc-99m, and the prescribed cardiac frequency for this
moment with a mean of 104.7 (SD = 15.6). (P = 0.45).

Myocardial scintigraphies

Table 2 shows the score values obtained with the
interpretation of the scintigraphies images at rest, at stress in
treadmill and when exercising in ergometric bicycle, during
rehabilitation session. The mean of the scores observed at rest
was 12.9 (SD = 9.1), at stress in treadmill was 19.3 (DP = 10),
and during rehabilitation was 15.1 (SD = 10.2).

The mean difference between score at rest and score of
scintigraphy associated with treadmill test was 6.3 ClI (95%)
[4.3; 8.3] (P<0.0001), and between the score at rest and the
score of the scintigraphy executed during the rehabilitation
session was 2.2 Cl (95%) [0.8; 3.6] (P<0.001). The mean
difference between the score of the scintigraphy executed
during the rehabilitation session and the score of scintigraphy
associated with treadmill test was 4.1 ClI (95%) [2.3; 5.8]
(P<0.0001). Analyzed alone, all the cases presented a higher
score in the stress scintigraphy in treadmill than at rest, as this
condition was determinant for inclusion of the case in the trial.
However, during the rehabilitation session, 12 patients (46.2%)
had the same score obtained at rest. In 11 (42.3%), the score
obtained in the bicycle exercise was higher than the score at
rest, but less than the score at the treadmill test. A total of three
patients (11.5%) had the same score in the two tests. Thus,
in 14 cases (53.8%), the score observed in the scintigraphy
during rehabilitation session was higher than that obtained at
rest, indicating the presence of transient hypo-uptake during
the rehabilitation session. Suggestive myocardial ischemia has
not occurred in 12 cases (46.6%), which presented the same
score in myocardial scintigraphy during the rehabilitation
session and at rest.

Discussion

Current guidelines determine that the prescription of
exercise for patients with coronary heart disease must be
made at levels that do not produce myocardial ischemia
characterized by angina pectoris and/or ST segment
depression'®. The observance of this rule can be easily done
today through clinical and electrocardiographic monitoring in
a rehabilitation session. However, under conditions such as:
after acute myocardial infarction, ventricular hypertrophies,
previous changes of the ST segment and others, the myocardial
perfusion scintigraphy allow the precise evaluation of
possible myocardial ischemia presence during cardiovascular
rehabilitation. In this sense, the present investigation is original
and extends the possible use of nuclear cardiology.

The patients selected for the investigation did not constitute
a homogeneous group as to clinical conditions at the time of
inclusion, but all of them presented coronary heart disease,
identified through coronary angiography and, thus, justifying to
present myocardial scintigraphy with hypo-uptake induced by
stress. A total of 10 patients (38.5%) was not submitted to any
kind of revascularization, and the remaining 16 (61.5%) were
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Mean and standard deviation values of the variables observed during procedure involving physical stress

A - Treadmill ergometric test for obtaining myocardial scintigraphy

T CF DERES CF FINAL SBP RES DBP RES SBP FINAL PA FINAL FI:I\L
Mean 74 736 137 1 1413 83 .4 197 .3 82 .6 -1.31
SD 2.1 13 18.5 213 8.9 32 7.2 -0.74
B - Bicycle test for exercise prescription
T CF DE RES CF FINAL SBP RESP DBP RES SBP FINAL DBP FINAL iﬁg’:’l_
Mean 76 713 m.7 129 .8 7.5 183 .6 85 .4 -
SD 14.9 12.8 229 17.5 10 .1 225 15 4 -
C - Rehabilitation exercise prescription
Charge in W prescribed CF prescribed Percentile of maximum CF
Mean 49 104 .7 66 .7
SD 8.6 15.7 9.4
D - Electrocardiographic monitoring during rehabilitation session
ST Rest ST MIBI CF Rest CF MiBI % of CF maximum CF prescribed
Mean 0.17 0.21 82.7 102 .6 65 .4 104 .7
SD 14.3 15.1 8.9 15.6

T - time in minutes; CF - cardiac frequency in heart beats by minute; RES - Rest; SBP - systolic blood pressure in millimeters of mercury; DBP - diastolic blood pressure
in millimeters of mercury; ST - ST segment depression in millimeters; SD - Standard deviation; W - watts.

revascularized through surgery and/or angioplasty. Although,
through clinical history, in 13 an episode of myocardial infarction
was clearly identified, in 23 a score higher than zero was
recognized in rest scintigraphy, showing that only three had not
had previous myocardial infarction. Such characteristics make
the group similar to the groups in rehabilitation, according to
current indications for supervised rehabilitation.

To select the protocol used, we tried to change as little as
possible the rehabilitation session so that the results would
not suffer the interference of complex procedures likely to
generate insecurity and anxiety in the patients. Unlike a usual
session, a Holter recorder was installed, and a peripheral vessel
catheterization was conducted at the beginning of the exercise
with bicycle only. Also, the session environment should not
present characteristics of a great trial. However, we cannot
discard the hypothesis that some degree of anxiety may have
interfered with the results.

The characteristics of the bicycle test for exercise
prescription, used by our institution, and also in this
investigation, have the scope of identifying cardiac frequency
values and electrocardiographic changes, as close as possible
to the stable state at a given charge. The errors made are
thus minimized when the prescription is done from a test
shorter than five minutes in each stage, used by the majority
of conventional protocols. The mean advised values of cardiac
frequency of 104.7 (SD 15.6) and the mean observed values
at the 19" minute of exercise in bicycle during rehabilitation
session of 102.6 (SD=15.1) were not different from the
statistical viewpoint (p<0.005). Such data show the good

accuracy of the prescription test to foresee the cardiac
frequency values after 20 minutes of stress, with a prescribed
charge for the same ergometer, in both situations.

The mean values of the prescribed charge of 49 watts
(SD = 8.6) and cardiac frequency of 104.7 (SD = 15.6),
corresponding to an average percentage of maximum cardiac
frequency of 66.7% (SD = 9.4), are relatively modest for
the normal individual training, but perfectly acceptable for
the rehabilitation of patients with coronary heart disease,
according to the prescription levels recommended by
guidelines in use'.

The use of electrocardiographic monitoring in the present
trial enabled in a simple and accurate way, obtaining the
cardiac frequency and the ST segment evaluation during
injection of MIBI-Tc-99m. The system used allowed a good
correlation between these two variables, given that, at the
time of the injection, an event button was activated, recording
an electronic signal concurrent with the electrocardiographic
tracing of that moment.

The mean scores observed in scintigraphies at rest, in
treadmill and bicycle during the rehabilitation session were
different from the statistical viewpoint. The higher mean score
was observed during the treadmill exercise, confirming the
characteristics of the selected population which, for inclusion
in the trial, should have transient hypo-uptake in scintigraphy
associated with the conventional ergometric test. However,
during the rehabilitation session, the mean scintigraphy scores
were higher, with statistic relevance than at rest, indicating
the presence of possible myocardial ischemia induced by
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Values of the scores obtained through scintigraphy
analyses at rest, by treadmill and bicycle during rehabilitation
session.

Initials Rest Treadmill Bicycle
ACP 15 17 16
AGA 26 34 34
AAM 16 24 24
AMB 9 10 9
AlF 11 17 14
ALP 18 34 26
AVS 12 25 18
AAP 28 35 28
CAS 0 2 0
cC 0 4 2
DNN 12 18 13
DF 22 26 26
DB 14 22 14
ES 0 12 0
FT 20 24 20
JG 12 19 12
JS 11 21 16
JPA 39 45 42
LGC 10 18 13
LFR 8 1 8
MF 15 21 14
MW 14 18 14
NNS 2 12 4
oM 8 13 12
RJ 9 12 9
Sz 4 8 4
Mean 12.9 19.3 15.1
sD 9.1 10 10.2

the prescribed exercise (p<0.001). However, the mean
value observed in that situation (15.07), less than the mean
score of 19.3 observed during ergometric conventional test
(p<0.0001), indicated that the hypo-uptake degree during
the rehabilitation session was smaller.

Through individual evaluation of the patients it was possible
to observe that during the rehabilitation session, 12 patients
(46.2%) showed the same score obtained at rest, indicating
that they did not present probable myocardial ischemia
induced by the prescribed exercise. In 11 patients (42.3%),
the score at the bicycle exercise was higher than the score
at rest, but smaller than the score observed in the treadmill
test, indicating probable myocardial ischemia induced by
the prescribed exercise, but of a lesser degree than the one
observed in a conventional test. A total of three patients
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(11.5%) had the same score in both stress scintigraphies,
indicating that those patients had, in both situations, the same
degree of myocardial ischemia.

Considering all the cases with a score in the bicycle
scintigraphy during the rehabilitation session higher than at
rest, 14 cases (53.8%) presented probable ischemia and 12
(46.6%) did not. In this trial, the electrocardiogram monitored
by the Holter system was unable to identify any of the 14
cases with transient hypo-uptake during rehabilitation, if the
criteria of one millimeter depression are to be considered
as indicative of ischemic answer. However, depression or
additional depression equal or higher than 0.5 mm occurred
in three cases (sensitivity of 21.4%). It must be noted that all
these patients were using medication for coronary failure, and
the medication in use may be the cause of absence of ischemic
manifestations at the electrocardiogram.

Indeed, among the 12 patients without ischemia during
the rehabilitation session, only two (16.6%) didn’t take
antianginal agents, and 10 (83.4%) used beta blockers and/
or vasodilators. In the group of 16 patients with ischemia,
five (35%) didn’t take antianginal agents and nine (64.2%)
used beta blockers and/or vasodilators. Another possibility
for the discrepancy between the results of the scintigraphy
and electrocardiogram were the “warming”'® and ischemic
preconditioning'®** phenomenons.

Kay e cols.” showed that previous low intensity exercises
can reduce posterior ischemic manifestations, when more
intense exercises are made, in patients with coronary arterial
disease. All the patients of this investigation have done
several warming exercises before the more intense exercises
done in ergometric bicycle. On the other hand, the ischemic
preconditioning phenomenon was an attenuated response
of the anginal and electrocardiographic manifestations, up to
two hours after an exercise that caused myocardial ischemia.
However, after 24 hours of the ischemia setting in from the
previous exercise, there is a second protection window that
can last up to 72 hours®.

All our trial patients were, at least for six months,
in a program and had at least three weekly sessions of
physical exercises. If this mechanism occurred with our
patients, the preconditioning can be a phenomenon with
electrocardiographic manifestation only, but which does not
interfere with the findings of myocardial perfusion detected
by scintigraphy. Bogaty et al?', doing three successive
ergometric tests in 12 patients with coronary heart disease,
found significant attenuation of the ST segment depression
during the third test, which was not followed by concurrent
reduction of myocardial hypo perfusion in scintigraphy with
thallium 201.

The findings of the present investigation alert to
the need of obeying the rule of exercise prescription
determining the greatest individualization possible. All
care taken could not avoid myocardial ischemia when a
more sophisticated method, such as scintigraphy, was used
to identify it. However, we cannot but presume, that the
ischemic phenomenon during the rehabilitation sessions
has not occurred in the majority of the patients, in whom
unequivocal benefic effects have already been documented.
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Therefore, such degree of ischemia as documented here can
perhaps be a stimulant for the manifestation of beneficial
actions. The results obtained do not determine a change
in behavior when evaluating patients with coronary heart
disease in rehabilitation. Based on them, we cannot
recommend the routine use of myocardial scintigraphy to
evaluate the accuracy of the prescription in rehabilitation
programs. However, the present study opens the possibility
of using nuclear medicine in evaluating the degree of
ischemia produced by regular rehabilitation exercises in
some special patients.

Our trial is limited by the small number of patients included,
for not considering the female gender, and because the
possible clinical outcomes on the long run have not been
reported. Neither can we extrapolate the data to other types
of exercise prescription, among which the use of ventilatory
anaerobic threshold that is on the rise in the country. New
investigations can clarify these matters.

Conclusion

The results obtained in this investigation allow drawing the
following conclusions:

1) The use of exercises, prescribed based on the useful
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