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Background. Primary microvascular angina (PMA) is a common clinical condition asso-
ciated to negative impact on quality of life (QOL) and reduced physical capacity. This study
aimed at evaluating the effects of aerobic physical training (APT) on myocardial perfusion,
physical capacity, and QOL in patients with PMA.

Methods. We investigated 12 patients (53.8 £ 9.7 years old; 7 women) with PMA, char-
acterized by angina, angiographycally normal coronary arteries, and reversible perfusion
defects (RPDs) detected on **™Tc-sestamibi-SPECT myocardial perfusion scintigraphy (MPS).
At baseline and after 4 month of APT, the patients underwent MPS, cardiopulmonary test, and
QOL questionnaire. Stress-rest MPS images were visually analyzed by attributing semi-
quantitative scores (0 = normal; 4 = absent uptake), using a 17-segment left ventricular
model. Summed stress, rest, and difference scores (SDS) were calculated.

Results. In comparison to the baseline, in the post-training we observed a significant
increase in peak-VO, (194 + 4.8 and 22.1 + 6.2 mL'kg_l-minute_l, respectively, P = .01),
reduction of SDS (10.1 + 8.8 and 2.8 + 4.9, P = .008), and improvement in QOL scores.

Conclusions. Physical training in patients with PMA is associated with reduction of
myocardial perfusion abnormalities, increasing of physical capacity, and improvement in QOL.
The findings of this hypothesis-generating study suggest that APT can be a valid therapeutic
option for patients with PMA. (J Nucl Cardiol 2015;22:130-7.)
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ischemia in the presence of normal subepicardial cor-
onary arteries in several clinical settings such as dilated
and hypertrophic cardiomyopathies, hypertension, and
diabetes mellitus.'™

CMD may also be the cause of angina in the absence of
any perceptible cardiac or systemic disease, a clinical
setting known as primary microvascular angina (PMA)* In
clinical practice, PMA is identified in patients with typical
effort-induced chest pain exhibiting evidence of myocar-
dial ischemia in noninvasive tests such as stress ECG or
myocardial perfusion imaging, associated with failure to
demonstrate fixed or dynamic obstruction in epicardial
coronary arteries during angiography.” PMA is a prevalent
condition, being reported in up to 30% of patients with
chest pain referred to coronary angiography.®

The clinical relevance of PMA is related not only to
its high prevalence and an increased risk of future
cardiovascular events,®’ but also its association with a
significant decline in quality of life (QOL).® Several
reports have shown that patients with microvascular
angina present recurrent symptoms and frequently seek
the emergency room, with repeated hospitalizations and
coronary angiographies.’

The therapeutic options already tested for PMA
include beta blockers, calcium antagonistsm and other
coronary vasodilators such as nitrates,'™'" antidepres-
sant drugs, and ACE-inhibitors. However, the majority
of patients show poor initial response to treatment and
frequent symptomatic recurrence.”*'?

We hypothesize that aerobic physical training
(APT) could ameliorate the myocardial perfusion dis-
turbance and angina symptoms in patients with PMA.
This therapeutic effect could theoretically be mediated
by improvement in coronary microvascular function and
endothelial function, an effect likely related to the
physical training.'> However, no previous study tested
the effect of APT over the myocardial perfusion
disturbance in the clinical context of PMA.

Thus, the objective of this pilot study, designed to
provide data to power a subsequent larger randomized
study, was to investigate the effects of APT on myo-
cardial perfusion abnormalities, detected by myocardial
perfusion single-photon emission computed tomography
(SPECT) imaging, and the impact on the QOL of
patients with PMA.

METHODS

Patient Series

A prospective study was conducted in 15 patients with
precordial anginal pain associated with the presence of two or
more myocardial segments with reversible perfusion defects
(RPDs) identified by SPECT MPS with **™Tc-sestamibi and
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angiographically normal subepicardial coronary arteries. For this
study, normal coronary arteries were defined as absence of
obstruction of any degree as evaluated by selective invasive
coronary angiography. Coronary artery spasm was not ruled out
by using any specific provocative test, however, the clinical
presentation of effort angina present in all patients and the absence
of ST elevation during pain, make this diagnosis very unlikely.

Exclusion criteria were: patients with other clinical conditions
potentially associated with precordial pain or coronary disturbances
such as chronic obstructive pulmonary disease, inflammatory or
other connective tissue diseases, dilated or hypertrophic cardio-
myopathy, cardiac valve disease, obstructive lesions of the
coronary artery vessels of any degree, and Chagas disease.

Three additional patients were excluded from the study
because of a low compliance rate to the training sessions.

The demographic and clinical characteristics of the inves-
tigated patient sample (n = 12) are summarized in Table 1.

General Study Design

After inclusion in the study, the patients were submitted
to baseline evaluation including a cardiopulmonary test (CPT)
and a QOL questionnaire (SF-36). The results of MPS
performed during the screening exams were considered to be

Table 1. Clinical and demographic characteris-
tics of the patients included in the study (n = 12)

Female gender, n (%) 7 (58.3)
Age (years) 53.8 + 9.7
Weight (kg) 814+ 14.4
Height (m) 1.6 = 0.1
BMI (kg-m~?) 30.6 £ 5.1

Risk factors for CAD, n (%)

Sedentarism 12 (100)
Hypertension 10 (83.3)
Dyslipidemia 8 (66.7)
Diabetes mellitus 4 (33.3)
Obesity 7 (58.3)
Overweight 4 (33.3)
Smoking 1(8.3)

Medications at baseline, n (%)

Beta blocker 9 (75)
ASA 8 (66.7)
Lipid lowering drugs 8 (66.7)
ACE-inhibitor 7 (58.3)
Diuretic 6 (50)
Nitrate 5(41.7)
Calcium channel blocker 5 (41.7)
ARA 4 (33.3)
Hypoglycemic agent 4 (33.3)
Ansiolytic drug 3 (25)
a-Adrenergic antagonist 3 (25)

ACE-I, Angiotensin converting enzyme inhibitor; ASA, ace-
tylsalycilic acid; ARA, angiotensin receptor antagonist.
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part of the baseline evaluation of the patients included in the
study. Patients were submitted to supervised aerobic physical
training for a period of 4 months. In all patients, the medicines
and doses were maintained the same, as registered in the
baseline condition, during all the training period. In the post-
training evaluation, the patients were again submitted to MPS,
CPT, and QOL assessment.

Myocardial Perfusion Scintigraphy

Beta blockers and other anti-ischemic drugs were discon-
tinued for a period of 48 hours before the exam. Images at rest
were acquired 1 hour after the injection of 10 mCi *°Tc-
sestamibi. After 3-4 hours, 25mCi 9Tc-sestamibi was injected
during peak effort on the treadmill, using the Bruce protocol,
with acquisition of effort images 1 hour after the injection. The
estimated radiation exposure was 11 mSv for each stress-rest
MPS study. In the study conducted at baseline, the effort test
was interrupted due to cardiorespiratory exhaustion. In the
evaluation after physical training, the peak effort radiotracer
injection was performed, and the effort interrupted, when the
patient reached the same heart rate that was obtained at the
initial pre-training test. This was established in order to achieve
a similar peak myocardial oxygen uptake in the two conditions.

The images were acquired with a double-detector gamma
camera (DST-SMV America, Twinsburg, OH, USA) with the
patient in the supine position, using a 180° circumferential
orbit from the anterior right oblique projection to the posterior
left oblique projection, with 32 projections, 30 seconds/pro-
jection, and a 20% energy window centered on 140 keV.

The SPECT-reconstruction (Sopha Medical Vision—Gen-
eral Electric) software was used for calculation of tomographic
slices on the classical orthogonal axis. The perfusion images were
evaluated by visual semi-quantitative analysis by two experienced
observers that were blinded regarding the clinical data and phase
of the study (baseline vs post-training). The discordances in the
analysis were solved by consensus. These two blinded-observers
were not involved in the conduction of the study or in the clinical
manipulation of the patients or their data. A left ventricular
segmentation model of 17-segment was used. During the images
analysis, those cases suggesting the presence of attenuation
artifacts, specially breast attenuation, were excluded from the
study population. The segmental myocardial uptake in each stress
and rest image was scored as follows: 0 = normal; 1 = mild
reduction; 2 = moderate reduction; 3 = severe reduction;
4 = absence of uptake. Segments with higher scores of perfusion
defect in the stress images than in the rest images were considered
to present RPD. The number of segments with RPD was recorded
for each patient. The average severity of the stress perfusion
defects was also calculated.

Summed scores were calculated for rest images (SRS),
stress images (SSS), and summed difference score between
SSS and SRS (SDS). The last score estimates the combined
global severity/extent of the RPDs. The percent amount of
myocardium involved in the perfusion defects was estimated
by calculating the ratio of the obtained summed perfusion
score by its highest possible value (a maximum score of 4 in 17
segments = 68).
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Cardiopulmonary Test

A continuous dynamic physical effort protocol on a
treadmill was used until exhaustion. Ventilatory variables were
measured using an ergospirometric system of gas analysis
(Ultima CPX—Medical Graphics Corporation, St. Paul, Min-
nesota, UAS). The following variables were compared
between the baseline and post-training period: oxygen uptake
at peak effort (peak-VO,) and respiratory exchange ratio, peak
heart rate, and peak systolic arterial pressure. The peak-VO,
was used to assess objectively the degree of cardiorespiratory
fitness of the patients at baseline, as well as the increased
physical capacity promoted by the aerobic physical training
program.

Quality of Life Assessment

The QOL was evaluated by the use of SF36 QOL
questionnaire at baseline and after training.

Aerobic Physical Training

After baseline evaluation, the patients were submitted to
supervised aerobic physical training during 4 months, three
times a week in sessions lasting 1 hour each. Training intensity
was moderate, based on peak-VO, reached in baseline CPT,
with a training heart rate between 60% and 85% of VO, peak.

The supervised physical training sessions of the program
of cardiovascular rehabilitation included the following
sequence of events: 5 minutes of global stretching exercises,
5 minutes of walking on the treadmill at heart rate values
lower than prescribed for training, and 30 minutes of physical
conditioning (60%-85% VO, peak). Next, a 5-minute phase of
cooling down was performed, followed by 10 minutes of
resisted exercises and a final 5-minute phase of relaxation.

The compliance with the training protocol was carefully
recorded and the patients exhibiting low compliance (<90%)
were excluded from the study (n = 3).

Statistical Analysis

The continuous variables are reported as mean + SD and
the nominal variables as absolute frequency (n) and percentage
(%). Statistical analysis was performed using the GraphPad
InStat software version 3.05. The Kolmogorov-Smirnov nor-
mality test was applied to determine whether the variables
studied presented normal distribution. The Student paired 7 test
was used to assay the variables. The level of significance was
set at 5% (P < .05) and the confidence intervals (CI) were
established at 95% in all analyses.

Ethical Aspects

The study was approved by the Research Ethics Com-
mittee of our institution (protocol no. 2842/2008 Comité em
Etica e Pesquisa do HCRP-FMRP-USP). All patients partic-
ipated in the study as volunteers and gave written informed
consent.
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RESULTS

Cardiopulmonary Test

Table 2 shows that, among the variables obtained
from CPT, the peak-VO, showed a statistically signif-
icant increase after the period of physical training
(22.1 + 6.2 mL-kg "minute™") as compared to the
baseline values (19.4 + 4.8 mL-kg_1~minute_1), P =
.01 (CI —4.7 to —0.7).

Myocardial Perfusion Scintigraphy

Table 3 summarizes the results obtained with MPS. No
significant differences in the hemodynamic variables were
observed between the baseline and post-training evaluations.
In particular, the peak heart rate vs arterial pressure product
was 24,760 + 5,069 bpm mm Hg in the baseline evaluation
and reached 24,238 + 6,680 bpm mm Hg in the post-train-
ing evaluation, with no significant difference between
evaluations (P = .62, CI —1,788.6 to 2,834).

In the baseline condition although there was a wide
variation among individual patients regarding the sever-
ity/extension of myocardial ischemia, all patients had at
least 2 segments with reversibility (range 2-16 seg-
ments), with a mean of 7.7 + 4.5 segments/patient. The
score of the stress perfusion defects ranged from 1 to 3,
but most of them were of mild severity. During the
analysis, we excluded the influence of scaling and
attenuation artifacts as the cause of defects encompass-
ing a very large extent of myocardium. Although the
majority of the defects were mild, we also had individ-
uals with more severe abnormalities, as shown in the
illustrative example of Figure 1. The average severity of
stress perfusion score was 1.3 + 0.4, ranging from 1.0 to
1.92.

Regarding the topography of the reversible defects
and its correlation with the territory of coronary artery
irrigation, 3 patients (25%) presented reversible defects
in the territory depending on the left anterior descending
coronary, 3 (25%) in the territory depending on the right
coronary and/or circumflex coronary, and 6 (50%)
showed distribution of defects in multivessel territory.
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After the period of aerobic physical training, 10 of
the 12 trained patients (83%) showed some degree of
reduction of the number of segments with RPD, while 8
(67%) patients presented complete resolution of the
RPDs.

In the baseline pre-training condition, the total
number of segments with reversibility was 92, with a
mean of 7.7 + 4.5 segments per patient. After the period
of physical training, there was a significant reduction of
the total number of segments with perfusion reversibility
to 28, with a mean per patient of 2.3 + 4.1 segments,
P = .002 (CI 2.4-8.3).

For SRS values, there was no significant difference
between the pre-training exam (0.7 + 1.1) and the post-
training exam (0.3 £ 0.5), P = .31 (CI —0.3 to 1.2).
However, a significant difference in SSS was observed
between the baseline evaluation (10.8 + 8.7) and the post-
training evaluation (3.1 £ 5), P = .004 (CI 2.9-12.4).

The SDS showed a significant reduction in the post-
training condition (2.8 +4.9) in comparison with the
initial condition (10.1 = 8.8), P = .008 and CI 2.2-12.2
(Figure 1).

The percent amount of left ventricular myocardium
showing reversibility in the baseline was 14.8% + 13.0%,
value significantly larger than the amount observed in the
post-training (4.2% + 7.2%) (P = .008), CI 3.3-18.02.

Figure 2 is an illustrative example of MPS images
of one patient investigated.

Quality of Life Questionnaire: SF36

Table 4 summarizes the results obtained by applying
the SF-36 questionnaire. Of the eight domains analyzed by
the SF-36, only the General Health Status showed an
improvement in the post-training evaluation (68.7% +
28.4%) compared to baseline (54.3% + 21.1%) P = .13
(CI —34.1 to 5.2), that was not statistically significant.

DISCUSSION

The main results of the present investigation show
that 4 months of aerobic physical training performed by

Table 2. Results obtained at peak effort during CPT in the baseline and post-training evaluations

Variables Baseline Post-training P Cl

Peak HR (bpm) 128 + 25 137 + 27 27 —15.1 to 4.7
Peak SAP (mm Hg) 180 + 16 176 + 22 .32 —10.1 to 18.4
RER 1.1 £ 0.07 1.2 £ 0.1 .05 —0.1 to —0.001
Peak VO, (mL-kg™'-minute™") 19.4 + 4.8 22.1+6.2 .01 -4.7 to —0.7

Statistically significant results are given in bold.

HR, Heart rate; SAP, systolic arterial pressure; RER, respiratory exchange rate; VO,, oxygen uptake.
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Table 3. Results of the myocardial perfusion scintigraphy evaluation at the baseline and post training
conditions

Variables Baseline Post-training P Cl
Resting HR (bpm) 80.8 + 16.4 749 + 14.5 .14 —2.3 to 14.1
Peak HR (bpm) 139.8 + 29.1 136.6 £ 30.6 .07 —0.4 to 6.9
Resting SAP (mm Hg) 147.3 £ 31.7 1479 + 22.5 93 —-17.8 to 16.5
Peak SAP (mm Hg) 179.1 + 22.8 176.8 + 24.9 .78 —16.2 to 20.9
Resting DAP (mm Hg) 89.2 + 10.2 84.6 = 10.1 .67 —0.4 t0 9.5
Peak DAP (mm Hg) 92.1 +13.4 88.3+5.8 .35 —4.7to 12.2
Peak HR vs SAP (bpm mm Hg) 24,760 + 5,069 24,238 + 6,680 .62 —1,788.6 to 2,834
RPD/patient (n) 7.7+ 45 23 +4.1 .002 2.3 to 8.3

% LV with RPD 148 + 13.0 42 +7.2 .008 3.3 to 18.02
SSS 10.8 + 8.7 31+%5 .004 29to 12.4
SRS 0.7 + 1.1 0.3 +0.5 31 —-03to 1.2
SDS 10.1 + 8.8 28+49 .008 2.2to 12.2

Statistically significant results are given in bold.

MPS, Myocardial perfusion scintigraphy; APT, aerobic physical training; HR, heart rate; bpm, beats per minute; SAP, systolic arterial
pressure; DAP, diastolic arterial pressure; RPD, reversible perfusion defect; LV, left ventricle; SRS, summed resting score; SSS,
summed stress score; SDS, summed (stress-rest) difference score.
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Figure 1. Plot illustrating the individual SDS values at
baseline and after physical training. The meaning of the
symbols: filled square represents one patient with the respec-
tive value of SDS; filled triangle represents three patients with
the same SDS; X represents two patients with the same SDS.

patients with PMA was associated with a significant
reduction in myocardial perfusion abnormalities and a
relevant improvement in the QOL. To the best of our
knowledge, this study is the first to suggest a therapeutic
effect of physical training over myocardial perfusion
disturbance in patients with primary microvascular
coronary dysfunction.

In this investigation, the presence of CMD was
confirmed by the detection of RPDs using MPS in
patients exhibiting epicardial coronaries free of obstruc-
tive lesion of any magnitude at invasive coronary
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Figure 2. Illustrative example of a 44-year-old female patient.
(A) Images of representative tomographic sections of the
baseline MPS during stress and rest showing severe reversible
perfusion defects (white arrows), involving a large extent in
multiarterial territory on the anterior, lateral, and inferior walls
of the LV. The semi-quantitative visual analysis showed an SDS
of 25 points. The effort ECG showed no ischemic ST-T changes,
despite the presence of limiting precordial chest pain at the peak
effort. (B) At the evaluation after physical training, there was no
reversible perfusion defects (SDS = 0), through the disappear-
ance of perfusion abnormalities during stress. The patient
presented no ECG changes or chest pain in this evaluation.
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Table 4. Scores obtained for the different domains analyzed by applying the Quality of Life Ques-
tionnaire SF36 under baseline conditions and after aerobic physical training

Domains Baseline (%) Post-training (%) o Cl
Functional capacity 44.6 £ 25.8 88.3 + 9.1 .0002 —61.3 to —26.2
Physical aspect 25+ 319 89.6 £ 19.8 .002 —87.5 to —41.7
Pain 384 +22.2 68.4 + 223 .007 —49.9 to —10.003
General health status 543 + 21.1 68.7 + 28.4 .13 —34.1to 5.3
Vitality 49.2 + 28.2 838+ 126 .0005 —50.3 to —18.8
Social aspects 479 + 27.1 93.8 £ 155 .002 —65.4 to —26.3
Emotional aspects 30.6 + 38.8 80.6 + 33.2 .005 —81.9 to —18.1
Mental health 53 +22.1 80 + 15.9 .001 —41.01 to —12.9

Statistically significant results are given in bold.

angiography.'*'® The use of this inclusion criterion was
based on previous studies showing that RPDs correlate
with the presence of a reduced coronary flow reserve in
patients with CMD.?*?' Legrand et al demonstrated that
4 of 18 patients (22.2%) with precordial pain and normal
coronaries showed RPDs in MPS and that they also had
a reduced coronary flow reserve, suggesting that the
presence of RPDs in patients with chest pain and normal
coronaries is a strong indicator of reduced coronary
blood flow caused by dysfunction of the coronary
microvasculature.?’

On this basis, we may consider that, in the present
study, the extent/severity of RPDs reflected the severity
of microvascular myocardial ischemia. Actually, the
adoption of the presence of RPDs as an inclusion
criterion for all patients guaranteed the constitution of a
more homogeneous sample of patients with CMD
regarding the demonstration of abnormal myocardial
perfusion associated to the chest pain.

In the present series of patients, the amount of left
ventricular myocardium exhibiting RPDs per patient was
about 15%. Other studies reporting the use of MPS in
patients with microvascular angina showed a similar extent
of LV ischemic involvement.”>** In a study of 20 patients
with syndrome X, Vermeltfoort et al’? detected 39 (12%)
segments with RPDs out of a total of 335 segments studied
by MPS. Cavusoglu et al observed that 18 of 31 patients
(58%) submitted to MPS presented RPDs in multiarterial
segments, involving 17% of the LV surface.”

Regarding the topographic distribution of RPDs, we
documented a high percentage (50%) of patients exhib-
iting RPDs in multivessel coronary territories. These
data corroborate results of previous studies demonstrat-
ing that the perfusion defects of patients with CMD are
very frequently distributed in multiple vascular territo-
ries, with a typically diffuse pattern.*'?

The results of the present investigation suggested a
beneficial impact of aerobic physical training on the

extent and severity of microvascular ischemia. It is
important to emphasize that the reduction in the extent
and severity of RPDs was attained by the normalization
of perfusion during stress, not by the conversion of
reversible defects into fixed perfusion defects, what
would indicate an aggravation of the myocardial perfu-
sion conditions. In fact, most patients (83%) exhibited a
reduction of RPDs after physical training, with complete
resolution in 8 of 12 patients (66%). These results were
also confirmed by the semi-quantitative analysis based
on visual scores.

No previous study evaluating the effect of physical
training on the abnormalities of myocardial perfusion in
patients with CMD has been reported in the literature.
Few previous studies have already documented beneficial
effects of physical training in patients with microvascular
angina regarding improvement of functional capacity and
QOL.24’25 However, in those reports the changes in
myocardial perfusion were not investigated. Thus, the
results of the present pilot study showing that the
symptom improvement after the aerobic training occurs
in association with the reduction of the myocardial
perfusion disturbance suggests a therapeutic benefit of
physical training in this common clinical condition.

The mechanisms possibly involved in the improvement
of myocardial perfusion following the physical training may
include: (1) Improved vasodilator response of the endothe-
lium-dependent coronary microcirculation. (2) A favorable
change over an impaired autonomic control of the coronary
microcirculation, so that a better sympathovagal balance
could lead to a reduction of the degree of activation of the
sympathetic innervation and a consequent reduction of the
arteriolar constrictor response during the sympathetic stim-
ulus provoked by physical stress. (3) Reduction of the degree
of spasticity of the coronary microcirculation due to intrinsic
changes in the vascular smooth muscle.

Several previous investigations on patients with
atherosclerotic coronary artery disease suggest that
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physical training can improve myocardial perfusion due
to adaptations in the coronary vascular bed and/or by
recruitment of collateral vessels, indirectly agreeing
with the findings of the present study.?¢*°

The physical capacity in the baseline condition,
measured by peak-VO, (19.4 + 4.8 mL-kg™'-minute™ ")
was reduced in our patients in a degree quite comparable
to the results reported by Dominguez-Rodriguez et al*’
(20.5 + 5.2 mL-kg™'-minute ") at the evaluation of 31
patients with CMD.

Additionally, our results were consistent in showing
a significant increase of physical capacity with training
as documented by the 14% increase in peak-VO, from
the initial to the final test (from 19.4 4.8 to
22.1 + 6.2 mL-kg "minute™"; P = .01, CI —4.7 to
—0.7). This increase in physical capacity is similar to
the results obtained by other investigators in the same
clinical context. Eriksson et al** observed a statistically
significant 15% increase in peak-VO, during CPT (from
1.26 £ 0.14 to 1.45 + 0.16 L-minute™', P = .018) after
an 8-week period of physical training in patients with
CMD.

Results obtained with the application of the SF-36
questionnaire indicated that our patient sample had
significant impairment of QOL in the baseline condition,
preceding the physical training program. Of the eight
domains evaluated, six showed scores below 50% and
two did not exceed 55%. Other studies have also
reported a similar degree of impairment of the QOL in
patients with microvascular angina.®%!%?°

In agreement with findings of previous studies, after
the period of physical training we observed a marked
increase in the scores for all domains of the SF-36. In
particular, the domain related to pain showed a signif-
icant increase of 78% (P = .007 and CI —49.9 to —10)
after the period of training, from 38% in the baseline
condition to 68% after training. It is plausible to assume
that at least part of the improvement in this domain was
due to a reduction of the angina frequency since this was
the main complaint of all patients.

Study Limitations

One major limitation of our study is the relatively
small sample size. Even though a large number of
patients presenting chest pain and normal coronary
arteries were initially screened, only 30% of the initial
population also had RPDs on the myocardial perfusion
study. From our initial screening for the study, we also
had to exclude patients with serologic evidence of
Chagas disea\se,32 a condition that is commonly associ-
ated with microvascular dysfunction. Additionally, a
considerable proportion of subjects (50%) dropped out
from the study during the physical training phase due to
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non-adherence to attend the training session on a 3-time
weekly base.

The lack of a similar control group, not undergoing
physical training, is also a methodological limitation. In
fact, a larger randomized controlled trial is warranted to
fully assess the therapeutic impact of aerobic physical
training in patients with microvascular angina.

NEW KNOWLEDGE GAINED

The initial evidence raised by the results of this
small pilot investigation suggests a therapeutic benefit of
physical training in patients with primary microvascular
angina, characterized by RPDs on MPS and angiograph-
ically normal coronary arteries. A larger randomized
study testing this hypothesis is warranted.

CONCLUSIONS

In conclusion, the results of this pilot study show
that a 4-month physical training program applied to
patients with primary microvascular angina is associated
with reduction of extent/severity of reversible perfu-
sional abnormalities that was accompanied by
significant improvement of functional capacity and of
QOL, including improved pain scores.
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