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Aims Patients with chest pain and normal coronary angiogram [angina with normal coronary arteries (ANOCA)] constitute a
therapeutic problem with considerable functional limitation and reduced quality of life. The aims of the current pilot study
were to (i) explore if a structured aerobic high-intensity interval training (HIT) program for 12 weeks was feasible in patients
with ANOCA, and (i) to assess mechanisms related to symptoms in this population.

Methods Sixteen patients with ANOCA underwent a 3-month aerobic HIT program with one-to-one monitored exercise sessions
and results on treadmill in a 4 min X 4 manner, three times a week. Four patients served as controls. Coronary flow velocity reserve
(CFVR) transthoracic Doppler, flow-mediated vasodilation (FMD) and VO, .., Was measured at baseline and after 12 weeks.
The average attendance to training sessions was 82.3% + 10.1 (56—94). CFVR in the training group increased from 2.50 +
0.48 to 3.04 + 0.71 (P < 0.001) whereas FMD increased from 4.19 + 2.42% to 8.28 + 2.85% (P < 0.001). Improvement in
CFVR correlated with the relative improvement in FMD (R =0.45, P =0.047). This was associated with an increase in

VO;max from 28.75 + 6.51 mL/kg/min to 31.93 & 6.46 mL/kg/min (P < 0.001).

Conclusion A 3-month program of monitored HIT was feasible, with high adherence resulting in improved functional capacity in patients
with ANOCA. CFVR improved and this improvement was associated with improved FMD.
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Introduction

A large part of patients with angina symptoms suggestive of obstructive
coronary artery disease presents with angina and no obstructive coron-
ary artery disease [angina with normal coronary arteries (ANOCA)] at
selective coronary angiography.' Ischaemia is documented in about
50% of subjects in reported studies (ischaemia with no obstructive cor-
onary artery disease).*

Microvascular disease (MVD) is present in more than 50% of this
population.” It is characterized by impaired coronary flow velocity
reserve (CFVR) and is associated with the same risk factors as ob-
structive coronary artery disease.® Patients with impaired CFVR
and chest pain despite normal coronary angiogram constitute a
therapeutic problem with considerable residual morbidity associated
with functional limitation, reduced quality of life,” and increased
mortality.®

Exercise training improves both endothelial function and symptoms
in patients with obstructive coronary artery disease.” However, this
treatment option is not previously evaluated in patients with
ANOCA. Despite the lack of evidence, the authors of the “2020 ESC
Guidelines on sports cardiology and exercise in patients with cardiovas-
cular disease” suggest adhering to the same exercise recommendations
as for long-standing chronic coronary syndrome.'®

The aims of the current pilot study were to (i) explore if a structured
aerobic high-intensity interval training (HIT) program for 12 weeks was

feasible in patients with ANOCA, and (ii) to assess mechanisms related
to symptoms in this population.

Methods

The main inclusion criteria was angina at effort with or without objective
signs of ischaemia in patients older than 18 years of age with no obstructive
coronary artery disease demonstrated at invasive coronary angiography.
This was an open label non-randomized prospective mechanistic pilot trial
with a 4:1 intervention to control ratio. The controls were patients who ful-
filled the inclusion criteria, but who lived to far away from the training cen-
ter to participate in the training program.

Ethics

The study was approved by the local ethical committee (2013/98/REK Vest)
and performed in accordance with the Helsinki Declaration. All patients had
to sign an informed consent form. ClinicalTrials.gov Identifier:
NCT02905630.

Test protocols

All patients underwent baseline testing which included blood sampling,
echocardiography, functional capacity by VO,,,, measurement, endothelial
function test by flow and nitro-glycerine-mediated vasodilation (NMD), and
microvascular function testing by CFVR. Vasoactive drugs were discontin-
ued for at least 24 h prior to the measurement.
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Figure 1 Doppler registrations of coronary flow velocity: (A) during rest and (B) during adenosine infusion.

Coronary Flow Velocity Reserve

CFVR was assessed using trans-thoracic Doppler. This method has a good
reproducibility comparable with other contemporary measures applied in
cardiology and is in agreement with myocardial perfusion reserve evaluated
with positron emission tomography.'' Blood flow velocities were mea-
sured via transthoracic echocardiography in the distal to mid left anterior
descending coronary artery using pulsed-wave Doppler with 1.75- to
3.5-MHz frequencies in a sample volume of 1.5 to 5 mm, (VIVID 7, GE med-
ical ultrasound system). Adenosine was administered by intravenous infu-
sion (0.14 mg/kg/min over 2 min) to record spectral Doppler signals
during hyperaemia. Peak diastolic flow velocities were measured, and
CFVR was calculated as the ratio of hyperaemic to basal peak flow veloci-
ties. A predefined cut-off value of <2.5 was used. An example of registration
of coronary flow velocity pre and post vasodilatation is illustrated in Figure 1.

Flow-mediated endothelial function

Patients were examined with ultrasound detection of brachial artery diam-
eter variations during hyperaemia before and after the intervention period.
Patients met fasting for at least 12 h. Two-dimensional brachial artery im-
aging and measurements were obtained using a 12-MHz linear-array trans-
ducer. (VIVID 7, GE medical ultrasound system). Eight- to ten-millimeter
straight segments of the brachial artery above the antecubital fossa were ex-
amined. Flow-mediated vasodilation (FMD) due to share induced endothe-
lial nitric oxide production was measured after occlusion of the forearm
circulation. Following 15 min of rest, new measurements were done after
administration of nitro-glycerine sublingually; NMD. We have previously va-
lidated this technique with regard to inter- and intra-observer variability.”

Exercise capacity

The patients were evaluated on treadmill (Woodway PPS 55 Med-l) at a
speed of 5-5.5 km/h with gradual increasing inclination. A target test dur-
ation of ~8-10 min was aimed for. Gas exchange data was collected

continuously with an automated breath-by-breath system (JAEGER, Care
Fusion, Germany).

Training protocol

The training group participated in a specially designed aerobic HIT program.
Participants exercised on treadmills, first a 10 min of warm-up at 60-70% of
maximal heart rate, followed by four 4-min intervals at 80-90% of maximal
heart rate. Intervals were interrupted by three minutes of active recovery at
60-70% of maximal heart rate. The training sessions were repeated three times
a week over a twelve-week period. Patients were divided into groups of max-
imum five. Intensity control during workouts was assessed with heart rate
monitors (Figure 2) by physical therapists specialized in cardiac rehabilitation.

Statistics

Continuous variables were presented by mean + standard deviation (SD)
or median with first and third quartiles, categorical variables were pre-
sented using count and percentage. Group comparisons of baseline clinical
data were carried out using Mann—Whitney U test for continuous variables
and Fisher exact test for categorical variables. Significance of differences be-
tween baseline and follow-up were assessed using Wilcoxon signed-rank
test. Differences in changes of physiological parameters before and after
intervention between the groups were evaluated using Mann—Whitney U
test. Strength of association between characteristics was evaluated using
Spearman (p) correlation coefficient. All tests were two-sided, with statis-
tical significance defined as P < 0.05.

Results

Twenty-two patients were included, 18 in the training group and four as
controls. Two patients in the training group had to quit because of
health problems unrelated to the exercise-training program. In total,
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Figure 2 Typical heart rate diagram during an HIT session.

16 patients participated in the training group and four in the control
group.

Except for baseline pretest relative change NMD (HIT 9.2 vs.
Control 12.1 with P <0.023) and BMI (HIT 28 vs. Control 26 with
P < 0.050), there were no statistical differences in baseline characteris-
tics between the groups (Table 7). Pretest CFVR was lower than sug-
gested cut-off value for normal CFVR (<2.5) in both groups (HIT;
2.50 £ 0.48 and Control; 2.43 + 0.59).

The average attendance to training sessions was 82.3% + 10.1 (56—
94). There were no adverse events related to the aerobic HIT sessions
reported other than expected angina and fatigue.

After 12 weeks, exercise capacity expressed as VOo .y (ML/kg/min)
increased in both groups, but it was only statistically significant in the
aerobic HIT group (28.75 + 6.51 to 31.93 + 6.46, P < 0.001, Table 2,
Figure 3). The between-group difference was significant (P =0.022,
Table 2).

CFVR increased in both groups, but the increase was only statistic-
ally significant in the aerobic HIT group (from 2.50 + 0.48 to 3.04 +
0.71, P < 0.001, Figure 3). There was a numerical difference between
groups, but this was not statistically significant. Improvement in
CFVR correlated with the relative improvement in FMD (p = 0.45,
P =10.047).

FMD expressed in relative change (%) increased in both groups, but
the increase was only statistically significant in the aerobic HIT group
(4.19 +2.42 to 828 +2.85, P < 0.001, Figure 3). The between-group
differences for relative changes was significant (P = 0.005).

There was also a statistically significant increase in NMD, expressed
in relative change (%) in the aerobic HIT group only (9.73 +2.33 to
11.33 +£2.49, P=0.004, Figure 3). The between-group differences for
relative changes in NMD was significant (P = 0.028).

Discussion

The findings in this ET trial in patients with ANOCA were that the in-
creased functional capacity after 12 weeks of aerobic HIT was asso-
ciated with improved CFVR and that this improvement correlated
with the improvement in FMD. Both FMD and NMD improved after
HIT. This improvement in vasodilator response found after HIT is
thus not only explained by improved endothelial function but also in-
volves improvement in vascular smooth muscle response. This may in-
dicate a therapeutic role for exercise in the treatment of patients with
ANOCA, targeting the often associated microvascular dysfunction as
evidenced by impaired CFVR.
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Table 1 Baseline characteristics

Characteristic®

Age, years

Male, n (%)

Current smoker, n (%)

BMI

Systolic blood pressure (mmHg)

SR, n (%)

Hypertension, n (%)

Medications, n (%)

Acetylcysteine

Betablocker

ACE-inhibitor

Angiotensin receptor blocker

Statin

Nitrates

Other characteristics at baseline

Pretesting VOymax (mL/kg/min)

Pretest coronary rest velocity

Pretest coronary flow reserve (CFR) (max/rest)
Pretest baseline diameter brachial artery
Pretest absolute change flow-mediated dilation(FMD)
Pretest relative change FMD

Pretest absolute change nitric oxide mediated dilation(NMD)
Pretest relative change NMD

HIT group Controls P-value
(n=16) (n=4)

60 (56-66) 62 (60-66) 0.394
8 (50) 1(25) 0.591
1(6) 0 (0) 1.000

28 (28-32) 26 (24-27) 0.050

136 (124-144) 156 (146-171) 0.098

16 (100) 4 (100) 1.000
7 (44) 3(75) 0.582
7 (44) 3(75) 0.582
3(19) 3(75) 0.061
1(6) 0 (0) 1.000
5(31) 2 (50) 0.587
8 (50) 3(75) 0.591
1(6) 1(25) 0.368

25 (23-33) 27 (24-30) 0.670

0.2 (02-0.3) 0.3 (0.2-0.4) 0.537

2.5 (2.2-27) 24 (2.1-2.8) 0.892

3.9 (3.5-4.5) 35 (3.2-39) 0.344

0.2 (0.1-0.2) 0.2 (0.1-0.2) 0.810
4(2.0-57) 48 (39-5.2) 0.887

04 (0.3-0.4) 04 (0.4-0.5) 0235

9.2 (8.6-10.1) 121 (11.6-13.0) 0.023

n =20 patients.

Continuous data are median with first and third quartiles; SR, sinus rhythm; BMI, body mass index, CFVR, coronary flow velocity reserve; FMD, flow-mediated vasodilation relative change;

NMD, nitric oxide mediated dilation.

*No history/observation of arrhythmias, diabetes, vascular disease or previous TIA/cerebral insult.

Despite the positive effect of exercise training in patients with
CAD," reduced physical activity is one of the major avoidance beha-
viours in patients with angina, including the large proportion with
ANOCA."® However, in the current study, a HIT program was feasible.
Additionally the participants had a high adherence to ET session. This is
probably related to the sense of confidence and being able to master
the training as revealed in a sub study on quality of life in this popula-
tion."* Participants in the current study did physical exercise on a tread-
mill overseen by experienced physiotherapists giving guidance and
emotional support to obtain adequate heart rate during the HIT ses-
sions (Figure 2). The participants valued being tested, as well as the pos-
sibility of getting a diagnosis, and they talked about being “seen” and
“selected” when they were asked to participate in the project, which
implied testing and training.

The findings of improved functional capacity and endothelial function
are in accordance with previous research on the effect of exercise training
in patients with cardiovascular disease.”>"® These beneficial effects of aer-
obic HIT are extended with a modest positive effect on a pathological low
CFVR (<2.5)"7" in the present study. This is consistent with the positive
effects of exercise training on myocardial perfusion evaluated by SPECT in
a group of patients with microvascular angina.”> However, the finding of
an increased CFVR after a structured HIT program in patients with
ANOCA is as far as we know, not previously reported.

MVD is characterised with impaired coronary blood flow re-
sponse to exercise. This is partly due to diminished vasodilator and
contractile responses of coronary resistance arterioles.?’ Smooth

muscle cells modulation from a contractile to a synthetic phenotype
is an early key event in atherogenesis. This conversion to a new
phenotype is characterized by increased secretion of proteins and
molecules that promote vascular degeneration through chronic in-
flammation and extracellular matrix degradation.2223 In experimen-
tal studies, a reversal of this process with improved arteriolar
contractile responsiveness and a younger smooth muscle phenotype
induced by exercise training24 has been associated with improved
endothelial function.?®

These findings are consistent with our findings in this human study.
The beneficial effects of HIT including improved functional capacity,
endothelial function, vascular smooth muscle response, and myocardial
arteriolar vasomotor response indicate that aerobic HIT might be a
therapeutic option in ANOCA. However, these results must first be
confirmed in an adequately powered RCT. The sample size needed
to show a significant difference in CFVR can be calculated using a two-
way ANOVA model. For two groups (HIT and control), two study time
points (baseline and 12 weeks), medium effect size (Cohen’s f of 0.25),
power of 0.8, significance level a of 0.05 and equal number of subjects in
each group, total required sample size would be n = 128. For a large ef-
fect size (Cohen’s f of 0.4), the total sample size is reduced to n=52.

Limitations

The registrations of CFVR, FMD, and peak VO, were performed at
baseline and after 12 weeks of intervention. The lack of blinding of
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Table 2 Changes in physiological parameters

Baseline

Measurement Number
CFR

HIT 16
Control 4
FMD delta/RC %

HI'T 16
Control 4
FMD delta/AC

HIT 16
Control 4
Peak VO, [mL/kg/min]

HIT 16
Control 4
NMD delta/RC %

HIT 15
Control

FMD baseline (mm)

HIT 16
Control 4

2.50+0.48
243+0.59

419+242
432217

0.16 +0.09
0.15 +0.07

28.75 + 6.51
26.52 +4.10

9.73+233
1243 +1.88

403+£0.86
359+051

Follow-up Difference P-value P-value §
3.04+0.71 0.57 +0.61 <0.001
274+048 0.31+£094 0.625 0.211
828 +2.85 4.38+2.30 <0.001
462+213 031+£144 0.875 0.005
031+0.13 0.16 +£0.12 0.001
0.17 +0.08 0.02 +0.05 0.461 0.042
3193+ 646 3.81+3.12 <0.001
2717 +3.51 0.65+0.98 0.250 0.022
11.33+£249 1.96 +2.03 0.004
9.95+2.95 —248+4.54 0.625 0.028
3.92+0.87 0.11+0.15 0.011 0.042
3.65+0.56 0.06 +0.22 0.625

Data are means + SD.

CFVR, coronary flow velocity reserve; HIT, high-intensity interval training; FMD, flow-mediated vasodilatation; RC, relative change; AC, absolute change; NMD, nitric oxide mediated

dilatation.

P-value denotes comparison from baseline to follow-up within group.

P§: P-value denotes comparison between groups.
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Figure 3 Changes in physiological parameters after 12 weeks of
intervention: (A) Relative change in flow mediated vasodilation (%),
(B) Change in VOymax (ml/kg/min), (C) Relative change in nitro
mediated vasodilation (%), (D) Change in coronary flow reserve (ratio

hyperaemic to basal peak flow velocities).

the interpretation of the measurements adequately is a limitation in this
study.

Flow velocity in the brachial artery was not recorded during FMD.
There was no direct evaluation of the relationship between improvement
in physiological parameters and changes in the degree of angina.
However, in a qualitative exploration in the same group of patients qual-
ity of life was considerably improved after the HIT program.™

Conclusion

A 3-month program of monitored HIT was feasible, with high adher-
ence resulting in improved functional capacity in patients with
ANOCA. CFVR improved and this improvement was associated with
improved flow-mediated vasodilatation.
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