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Background: Chronic coronary syndrome (CCS) is one of the most life-restricting coronary artery diseases, and

symptom relief is the main goal in CCS patients who suffer from angina.

Objectives: To assess the potential benefits of device-guided breathing in CCS patients with angina in this randomized,

controlled, single-blinded study.

Methods: Fifty-one patients with CCS received device-guided breathing for 7 days/8 weeks. Exercise capacity

[exercise stress test], cardiac function [transthoracic echocardiography], and angina severity [Canadian Cardiovascular

Society Classification] were evaluated initially and after the training. Device-guided breathing was performed at

the lowest resistance of the device (POWERbreathe� Classic LR) for the control group (n = 17). The low load training

group (LLTG; n = 18) and high load training group (HLTG; n = 16) were trained at 30% and 50% of maximal inspiratory

pressure. Baseline characteristics were compared using one-way ANOVA and Kruskal-Wallis test. Categorical data

were compared using the chi-square test. ANCOVA was performed to compare changes between three groups. A p

value < 0.05 was considered statistically significant.

Results: Metabolic equivalent values were significantly improved in both HLTG and LLTG groups (p < 0.001, p =

0.003). The Duke treadmill score significantly improved and shifted to low-risk both in the HLTG (p < 0.001) and

LLTG (p < 0.001) groups. Angina severity significantly alleviated after the training in both HLTG and LLTG groups (p <

0.001, p = 0.002).

Conclusions: An 8-week long program of short-term respiratory muscle training provided positive gains in exercise

capacity and angina severity in CCS patients with angina. The effects of long-term training programs on CCS patients

should be investigated clinically because of the possibility of helping to decrease the need for invasive treatments.
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INTRODUCTION

Coronary artery diseases (CAD) are among the most

life-threatening pathological processes despite updated

treatment options.
1

Chronic coronary syndrome (CCS) is

one of the main components of CAD and can be diag-

nosed by different clinical manifestations. Patients may

be symptomatic (fatigue, weakness, heart failure symp-

toms, ventricular arrhythmias, etc. which are usually trig-

gered by exercise) or asymptomatic (silent CAD), or they

may have stable symptoms after acute coronary syn-

drome/percutaneous coronary revascularization, vaso-
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spastic angina, microvascular angina or new-onset heart

failure, all of which may be diagnosed as CCS.
2,3

Future cardiovascular event risk (acute coronary

syndromes, death) mainly depends on clinical risk fac-

tors (age, hypertension, diabetes mellitus, etc.) and pri-

mary prevention; angina severity is also associated with

increased mortality.
4

In addition to the mortality risk,

CCS is one of the most life-restrictive CADs, and symp-

tom relief is the main goal in CCS patients who suffer

from angina. Hence, medication is the first approach.

Drug therapy in CCS is used with the purpose of pre-

venting future cardiac events and antianginal treatment.

Medical treatments include antithrombotic and lipid-

lowering therapy for the prevention of future cardiac

events such as myocardial infarction and death.
5-8

The most frequently used antianginal treatments

are nitroglycerin, beta blockers, and calcium channel

blockers.
2

Coronary revascularization is another alter-

native; however, there is not yet sufficient evidence sup-

porting the superiority of coronary revascularization

over medical treatment.
2

Since angina may be widely

defined and is not only the result of the occlusion of

epicardial vessels, angina relief may be achieved by se-

condary improvements in other mechanisms such as

oxygen consumption, heart rate, blood pressure regula-

tion, etc. Patients with angina have reduced daily physical

activity, reduced muscle strength, and reduced respira-

tory capacity compared with patients without angina.
9,10

As angina is usually precipitated by increased oxygen de-

mand preceded by decreased muscle strength, these

physiological regulations may be achieved by improve-

ments in exercise capacity.
11

Respiratory muscle endur-

ance and walking capacity have been shown to be more

significantly improved by the use of breathing devices

compared to traditional breathing exercises.
12

Therefore,

the aim of the present study was to assess the potential

benefits of device-guided breathing training in addition

to standard medication treatment in CCS patients with

angina. Device-guided breathing can be applied using dif-

ferent methods and intensities.
12,13

Another aim of this

study was to compare the effectiveness of device-guided

breathing applied in different intensities.

METHODS

Patient population

All patients suffered from angina or an angina equi-

valent (fatigue, dyspnea, etc.) and underwent coronary

angiography; at least one atherosclerotic significant epi-

cardial coronary artery stenosis was proven, and the pa-

tients were divided into three groups: high load training

group (HLTG), low load training group (LLTG), and con-

trol group. Randomization was performed via an online

program.

In addition to breathing exercises, all patients re-

ceived secondary prevention that included lifestyle ad-

vice and optimal medical therapy (OMT). The degree of

angina was classified into four categories according to

the severity of symptoms and whether the symptoms

were triggered by strenuous exercise or spontaneously

at rest.
14

Patients who presented with an acute coronary

episode within 14 days of starting device-guided breath-

ing (post-MI angina) were not included in the study, as

they were not considered to be stable. Additional exclu-

sion criteria were: Canadian Cardiovascular Society de-

signations of class I or IV, angina etiology other than athe-

rosclerosis (hypoxia, anemia, thyroid dysfunction, mo-

derate to severe heart valve disease, etc.), coronary heart

disease that was clinically unstable during the surveil-
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Abbreviations

CAD Coronary artery diseases

CCS Chronic coronary syndrome

DBP Diastolic blood pressure

DTS Duke Treadmill Score

ECG Electrocardiography

ET Ejection time

HLTG High load training group

HR Heart rate

HRR Heart rate recovery

IQR Interquartile range

IVCT Isovolumetric contraction time

IVRT Isovolumetric relaxation time

LLTG Low load training group

LVEF Left ventricular ejection fraction

MET Metabolic equivalent

METs Metabolic equivalent of task

MIP Maximal inspiratory pressure

MPI Myocardial performance index

OMT Optimal medical therapy

RMR Resting metabolic rate

RVOT VTI Right ventricular outflow tract velocity time

integral

SD Standard deviation

TAPSE Tricuspid annular plane systolic excursion



lance period (8 weeks), changes in medication over the

surveillance period, uncontrolled comorbid conditions

(hypertension, diabetes etc.), newly diagnosed arrhy-

thmias (atrial fibrillation etc.), active infectious disease,

orthopedic and neurological diseases restricting inspira-

tion capacity or the ability to undergo a treadmill stress

test, obstructive pulmonary diseases (asthma, chronic

obstructive pulmonary disease, etc.), hypertrophic car-

diomyopathy, symptomatic heart failure, left ventricular

EF of < 40%, left main coronary artery stenosis of > 50%,

proximal left anterior descending artery stenosis of >

50%, or functional single epicardial vessel.

Coronary angiography was performed in each pa-

tient. To create a better classification of follow-up and

treatment, we quantified the severity of coronary le-

sions according to Gensini score and SYNTAX score.
15,16

Gensini severity score was calculated according to de-

gree of 1-25%, 26-50%, 51-75%, 76-90%, and 90-99%

coronary lesions, and whether there were any colla-

terals.
15

Syntax score is related to the severity of CAD

and in treatment planning (surgery/coronary artery by-

pass graft or percutaneous revascularization).
17

This study was approved by the local ethics commit-

tee and performed according to the Declaration of Hel-

sinki. Written informed consent was obtained from all

participants.

Device-guided breathing

Device-guided breathing was performed using PO-

WERbreathe� Classic LR devices (HaB Ltd, UK). The load-

ing was set according to the maximal inspiratory pressure

(MIP) recorded with a portable electronic mouth pressure

measuring device (MicroRPM, Micro Medical, Kent, UK)

weekly. Device-guided breathing training was performed

at the level of 10 cmH2O, the lowest resistance of the de-

vice, for the control group. The training was performed at

a MIP of 30% and 50% of the device in the LLTG and HLTG

groups, respectively. The patients performed ambulatory

device-guided breathing for 8 weeks (twice a day for 15

minutes or 30 minutes/day and at least five days a week)

after initial training by a physiotherapist (Central Illustra-

tion). Outpatient visits were performed each week during

the surveillance period. Side effects such as shortness of

breath, increase in chest pain, discomfort and nausea

were not observed during the training. Patients were also

informed about possible side effects.

Echocardiographic evaluation

Pre-training and post-training values were obtained

by transthoracic echocardiography (GE Vivid S6, USA) at

rest. Standard echocardiographic examination of left

ventricular EF, pulsed-wave Doppler, and tissue Doppler

imaging were performed according to previous recom-

mendations.
18

Left ventricular diastolic functions were

evaluated in the apical 4-chamber view using pulsed-

wave and tissue Doppler imaging. Pulse-wave Doppler

transmittal flow measurements, peak early diastolic fill-

ing velocity (E), peak late diastolic filling velocity (A),

and their ratio (E/A) were calculated. The E-wave dece-

leration time, isovolumetric contraction time (IVCT),

ejection time (ET), and isovolumetric relaxation time

(IVRT) were also calculated. Myocardial performance in-
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Central Illustration. Device-guided breathing. Central illustration

demonstrated the efficiency of device-guided breathing in different in-

tensities on patient’ symptoms and effort capacity. The level of 10

cmH2O is the lowest resistance of the device applied for the control

group. Maximal inspiratory pressure (MIP) of 30% and 50% of the de-

vices were applied for low load training group (LLTG) and high load

training group (HLTG), respectively.



dex (MPI) was calculated as the sum of IVRT and IVCT

divided by the ET.
19

Tricuspid annular plane systolic ex-

cursion (TAPSE) was measured in the apical four-cham-

ber view. Pulmonary artery acceleration time was mea-

sured between the onset of ejection and the peak flow

velocity of the pulmonary artery. At the parasternal short-

axis view, right ventricular outflow tract velocity time in-

tegral (RVOT VTI) was obtained by pulse-wave Doppler

at the level of the RVOT close to the pulmonary valve.
20

Epicardial and pericardial fat thickness/area was mea-

sured from the parasternal long-axis window.
21

Exercise stress test

Exercise testing was performed following the Bruce

protocol.
22

Twelve-lead electrocardiography (ECG) was

recorded during the procedure. Exercise capacity was

measured in metabolic equivalent (MET), and future risk

was assessed using the DUKE treadmill score. One MET is

defined as the amount of energy expended by a subject

while at rest (resting metabolic rate [RMR]), which is 1

kcal per kilogram per hour and 3.5 mL of oxygen per ki-

logram per minute. By representing the precise level of

activity energy expenditure (under steady state condi-

tions) in relative values, i.e., as a multiple of RMR, MET

offers a helpful tool to characterize and categorize phys-

ical activities. Theoretically, 10 metabolic equivalent of

task (METs) would therefore translate to 35 mL O2 kg
-1

min
-1

, or 10 kcal kg
-1

h
-1

.
23

The Duke treadmill score was subclassified as low

(� 5), moderate (4 to -10), and high risk (< -10) catego-

ries using the following formula: Duke Treadmill Score

(DTS) = exercise capacity – (5 � ST depression) – (4 �

exercise-induced angina).
24

In cases of a test-limiting an-

gina symptom, the patients received 2 points; for non-

limiting angina, the patients received 1 point, and other-

wise, 0 points were given for no angina during exercise.

No patient suffered from arrhythmia, blood pressure

disturbances, symptoms, or ECG deviation requiring

the interruption of exercise testing.

Heart rate recovery (HRR) is a straightforward, non-

invasive test for autonomic nervous system impairment

that shows a problem with parasympathetic reactiva-

tion. Previous research has demonstrated that HRR1,

which is defined as a reduction in heart rate (HR) of less

than 12 beats per minute from the peak of activity (maxi-

mal heart rate) to one minute into recovery, is a predic-

tor of overall mortality.
25,26

Statistical analysis

IBM SPSS 20.0 statistical analysis software was used

(SPSS Inc., USA). Data normality was tested using the

Kolmogorov-Smirnov test. Continuous variables were ex-

pressed as mean � standard deviation (SD) or median and

interquartile range (IQR), according to data normality.

Baseline characteristics of the three groups were com-

pared using one-way ANOVA and the Kruskal-Wallis test.

Categorical data were compared using the chi-square test

and presented as count and frequency. ANCOVA was per-

formed to compare changes in cardiac function and exer-

cise capacity between the three groups, accounting for

any change in baseline variables. All of the necessary as-

sumptions (normally distributed, homogeneity, homoge-

neity of regression slope, random independent samples,

linearity) for the use of ANCOVA have been verified. Ba-

seline values of each outcome measure were used as co-

variates. Post-hoc comparisons using the Bonferroni test

(syntax) were calculated. The secondary analysis focused

on between-group effects and pair-wise comparisons of

the remaining study groups. For missing data, intention-

to-treat analysis was performed. A p value of < 0.05 was

considered to be statistically significant.

Sample size calculation

The G*Power software package (G*Power, Version

3.1.9.4, Franz Faul, Universität Kiel, Germany) was used to

calculate the required sample size for the study. According

to the MET results of a previous study (Neves et al.,

2014)
27

and with type I error � = 0.05, power 95% (1-�

error probability), effect size f = 0.6144321, and assum-

ing 20% loss to follow-up and 5% missing data, the sam-

ple size was calculated as 54 subjects (n = 18 per group).

RESULTS

Of the 64 consecutive patients who had CCS with

angina initially included in the study, 10 patients did not

meet the inclusion criteria. After enrollment, the initia-

tion of training was postponed for at least 4 weeks to

allow for optimization of the patients’ medications. Dur-

ing the follow-up of training, two patients underwent co-

ronary revascularization treatment because of increas-
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ing angina severity due to non-adherence to the PO-

WERbreathe�. One patient was excluded because of a

newly diagnosed brucella infection, and one patient be-

cause of acute atrial fibrillation (Figure 1). The study was

concluded with 51 CCS patients. No side effects were

observed in any of the groups during the training.

Baseline demographics, clinical characteristics, labo-

ratory, and medication findings are shown in Table 1 and

were similar between the groups (p > 0.05). More than

one coronary artery stenosis was more frequent than

single-vessel disease in each group; however, this obser-

vation was statistically similar between the groups (p >

0.05). The Gensini and Syntax scores were also similar

between the groups (p > 0.05, Table 1).

The echocardiography and exercise stress test re-

sults are shown in Table 2. Clinically, there were no sta-

tistically significant changes during the surveillance pe-

riod regarding echocardiographic findings, and echo-

cardiographic variables were almost similar within and

between groups. Significant changes were found only in

some echocardiographic findings. Epicardial fat thick-

ness decreased (from 0.83 � 0.33 to 0.70 � 0.27 cm, p =

0.016) in the LLTG group after training. There was a sig-

nificant decrease in E/A ratio in the control group (p =

Acta Cardiol Sin 2023;39:720�732 724

Oguz Akkus et al.

Figure 1. CONSORT flow diagram of the study.



0.026). Figure 2 illustrates the left ventricular ejection

fraction (LVEF) values among the groups. METs values

were significantly improved in both HLTG and LLTG groups;

however, statistical significance was not observed in the

control group (p < 0.001, p = 0.003, p = 0.821, Table 2).

Hence, METs exhibited a significant difference between

the groups (p < 0.001, Figure 3). Diastolic blood pressure

(DBP) was significantly reduced in the HLTG group (DBP

basal from 78.12 � 11.05 mmHg to 66.82 � 10.28

mmHg, p = 0.003; DBP peak from 77.12 � 15.44 to 70.00
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Table 1. Demographic, clinical characteristics, laboratory and medication status in patients with CCS

HLTG (n = 16) LLTG (n = 18) CG (n = 17)

Variables Mean � SD/

median (IQR)/n (%)

Mean � SD/

median (IQR)/n (%)

Mean � SD/

median (IQR)/n (%)

p

Age (years) 57.31 � 7.96 54.77 � 7.06 60.58 � 6.54 0.067

Body mass index (kg/m
2
) 29.03 � 4.10 29.72 � 5.12 30.36 � 4.35 0.708

Female/male, n (%) 3 (18.8%)/13 (81.2%) 1 (5.6)/17 (94.4) 1 (5.9)/16 (94.1) 0.348

Pack � years 023.84 � 21.46 031.13 � 35.28 036.05 � 29.99 0.501

Smoking, n (%) 0.836

Current 03 (18.8) 5 (27.8) 3 (17.6)

Ex 10 (62.5) 8 (44.4) 9 (52.9)

Non-smoker 03 (18.8) 5 (27.8) 5 (29.4)

Alcohol consumption 0.709

Current 03 (18.3) 4 (22.2) 6 (35.3)

Ex 1 (6.2) 1 (5.6)0 0 (0)0.0

Non-drink 12 (75)0. 13 (72.2)0 11 (64.7)0

Moderate-intensity physical activity, n (%) 4 (25). 9 (50)0. 10 (58.8)0 0.055

Canada Class II/III, n (%) 16 (100)/0 (0) 15 (83.3)/3 (16.7) 17 (100%)/0 (0%) 0.054

Obstructive arteries, n(%) 0.149

> 1 10 (62.5) 5 (27.8) 10 (58.8)0

RCA 3 (18.8) 7 (38.9) 1 (5.9)0

Cx 3 (18.8) 2 (11.1) 3 (17.6)

LAD 0 (0) 3 (16.7) 3 (17.6)

IM 0 (0)0. 1 (5.6) 0 (0)0.0

Total Gensini Score 36.28 � 27.89 42.07 � 13.51 045.33 � 24.70 0.598

Syntax Score 9 (4-14.12) 10 (6.5-16) 10 (8.25-12.87) 0.829

DM, n (%) 6 (37.5) 7 (38.9) 9 (52.9) 0.371

HG (gr/dL) 14.50 � 1.45 13.73 � 1.51 13.28 � 1.54 0.078

LDL (mg/dL) 117.50 (77.5-157) 85.90 (75.75-115.75) 95 (71-132) 0.308

Creatinin (mg/dL) 0.87 (0.71-1.00) 0.86 (0.72-0.94) 0.92 (0.74-1.00) 0.543

Medication, n (%)

ASA, n (%) 14 (87.5) 16 (88.9) 15 (88.2)0 0.992

P2Y12, n (%) 8 (50) 15 (83.3) 9 (52.9) 0.894

Nitrat, n (%) 8 (50). 5 (27.8) 7 (41.2) 0.623

Trimetazidin, n (%) 5 (31.2) 1 (5.6)0 5 (29.4) 0.120

B-bloker, n (%) 15 (93.8) 14 (77.8) 16 (94.1)0 0.231

CCB, n (%) 3 (18.8) 4 (22.2) 1 (5.9)0 0.381

ACEI/ARB, n (%) 11 (68.8) 16 (88.9)0 15 (88.2)0 0.226

Statin, n (%) 15 (93.8) 15 (83.3)0 14 (82.4)0 0.575

Insulin, n (%) 03 (18.8) 2 (11.1) 3 (17.6) 0.799

OAD, n (%) 06 (37.5) 4 (22.2) 9 (52.9) 0.349

Ivabradin, n (%) 0 (0)0. 2 (11.1) 1 (5.9)0 0.389

Ranolazin, n (%) 1 (6.2) 1 (5.6)0 3 (17.6) 0.411

ACEI/ARB, angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers; ASA, acetylsalicylic acid; CCB, calcium channel

blockers; CCS, chronic coronary syndrome; CG, control group; Cx, circumflex artery; DM, diabetes mellitus; HG, hemoglobin; HLTG,

high load training group; IM, internal mammary artery; IQR, interquartile range; LAD, left anterior descending artery; LDL, light

density lipoprotein; LLTG, low load training group; OAD, oral antidiabetic; P2Y12, antiplatelet drugs; RCA, right coronary artery; SD,

standard deviation.

Chi-Square Tests, One-Way Anova, Kruskal-Wallis Test, p < 0.05.
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Table 2. Echocardiographic variables, exercise capacity, angina severity results in patients with CCS

HLTG LLTG CG

Pre-training Post-training
Within

group p
Pre-training Post-training

Within

group p
Pre-training Post-training

Within

group p

Between

groups

p*

Echocardiographic variables

TAPSE (cm) 02.10 � 0.31 02.11 � 0.29 0.426 2.22 � 0.40 02.32 � 0.28 0.347 02.50 � 0.43 2.38 � 0.54 0.820 0.445

LVPWs (cm) 01.28 � 0.18 01.32 � 0.28 0.811 1.30 � 0.24 01.38 � 0.22 0.267 01.41 � 0.37 1.38 � 0.22 0.936 0.749

LVIDs (cm) 03.16 � 0.43 03.06 � 0.62 0.217 3.33 � 0.60 03.17 � 0.62 0.305 03.48 � 0.81 3.28 � 0.72 0.158 0.903

ESV (ml) 044.88 � 13.91 043.17 � 10.07 0.251 52.13 � 26.43 048.62 � 19.63 0.356 056.25 � 27.15 53.23 � 24.79 0.780 0.819

LVEF (%) 60.13 � 6.16 62.03 � 6.19 0.202 61.16 � 8.260 63.14 � 6.79 0.076 58.29 � 8.34 58.67 � 8.010 0.732 0.299

FS (%) 32.98 � 4.07 33.08 � 4.56 0.894 34.22 � 5.660 34.42 � 5.05 0.683 33.40 � 6.65 34.53 � 7.580 0.422 0.801

IVSs (cm) 01.57 � 0.30 01.47 � 0.21 0.421 1.45 � 0.19 01.41 � 0.30 0.370 01.50 � 0.42 1.34 � 0.49 0.075 0.702

LVPWd (cm) 01.01 � 0.15 01.00 � 0.13 0.532 1.07 � 0.18 01.08 � 0.17 0.858 01.11 � 0.18 1.08 � 0.33 0.898 0.842

LVIDd (cm) 04.96 � 0.75 04.84 � 0.65 0.325 5.03 � 0.65 05.03 � 0.57 0.818 04.90 � 1.42 5.14 � 0.97 0.108 0.185

EDV (ml) 119.62 � 40.84 115.61 � 33.69 0.409 124.44 � 42.400 125.82 � 34.92 0.947 137.66 � 65.77 128.38 � 62.840 0.510 0.780

IVSd (cm) 01.12 � 0.32 01.10 � 0.29 0.741 1.06 � 0.15 01.08 � 0.20 0.956 01.17 � 0.24 1.12 � 0.23 0.375 0.459

PACT (ms) 101.62 � 27.24 109.88 � 25.06 0.464 112.27 � 24.600 115.13 � 26.89 0.412 114.37 � 12.93 112.13 � 19.750 0.959 0.843

IVCT (ms) 056.60 � 12.12 062.50 � 17.40 0.901 70.83 � 18.43 069.12 � 16.60 0.833 070.64 � 23.65 71.00 � 21.49 0.535 0.927

ET (ms) 265.53 � 29.42 276.55 � 37.30 0.095 260.33 � 44.710 260.65 � 42.74 0.752 238.06 � 32.97 234.09 � 40.950 0.240 0.145

IVRT (ms) 103.80 � 28.03 103.74 � 20.74 0.861 100.27 � 19.01 103.17 � 32.80 0.778 102.68 � 23.43 90.38 � 15.91 0.052 0.201

MPI 00.61 � 0.16 00.58 � 0.18 0.140 0.67 � 0.18 0.68 � 0.21 0.857 00.74 � 0.24 0.69 � 0.19 0.894 0.442

EPI thickness (cm) 00.82 � 0.36 00.82 � 0.34 0.924 0.83 � 0.33 0.70 � 0.27 0.016* 00.68 � 0.21 0.67 � 0.39 0.716 0.142

PERI thickness (cm) 01.38 � 0.21 01.31 � 0.27 0.100 1.54 � 0.43 1.32 � 0.27 0.066 01.52 � 0.33 1.33 � 0.35 0.069 0.605

RVOT VTI (cm) 10.57 � 5.78 09.46 � 5.22 0.057 13.93 � 2.73 12.87 � 2.36 0.362 13.41 � 3.12 11.68 � 4.860 0.062 0.668

Ao diameter (cm) 03.35 � 0.32 03.39 � 0.29 0.275 3.20 � 0.22 03.13 � 0.28 0.210 03.25 � 0.39 3.36 � 0.45 0.195 0.136

LA diameter (cm) 02.86 � 1.43 03.00 � 1.43 0.497 3.80 � 0.51 03.69 � 0.35 0.450 3.80 � 0.53 3.52 � 0.82 0.30 0.157

EPI area (cm
2
) 00.75 � 0.26 00.99 � 0.36 0.144 0.97 � 0.36 0.95 � 0.40 0.990 0.96 � 0.30 1.07 � 0.42 0.221 0.453

MWDecT (ms) 220.38 � 58.76 222.18 � 57.50 0.701 236.00 � 148.31 222.78 � 71.50 0.677 271.00 � 96.83 284.41 � 121.98 0.266 0.458

E/A ratio 00.63 � 0.44 0.75 � 0.38 0.375 1.37 � 0.96 1.12 � 0.36 0.752 0.97 � 0.13 0.78 � 0.32 *0.026* 0.290

TDe (m/s) 00.09 � 0.02 0.08 � 0.02 0.782 0.09 � 0.02 0.13 � 0.19 0.363 0.27 � 0.31 0.24 � 0.32 0.840 0.643

TDa (m/s) 00.10 � 0.02 0.18 � 0.1 0.095 0.12 � 0.12 0.11 � 0.03 0.996 0.09 � 0.02 0.16 � 0.17 0.141 0.364

Exercise stress variables

HR bazal (per/min) 080.00 � 11.24 77.55 � 13.13 0.404 75.80 � 13.70 75.56 � 12.21 0.778 077.43 � 13.14 78.38 � 13.62 0.650 0.644

HR maks (per/min) 138.75 � 16.27 133.98 � 14.49 0.175 131.66 � 26.23 138.4 � 18.15 0.205 147.06 � 23.62 150.97 � 25.190 0.059 0.062

SBP basal (mmHg) 140.50 � 24.11 131.05 � 22.66 0.146 133.23 � 18.16 129.90 � 21.23 0.323 136.33 � 16.74 128.66 � 16.740 0.062 0.804

DBP basal (mmHg) 078.12 � 11.05 066.82 � 10.28 *0.003* 71.15 � 12.30 072.24 � 12.21 0.760 79.93 � 10.72 77.44 � 11.71 0.635 *0.048*

SBP peak (mmHg) 168.62 � 37.14 165.16 � 38.19 0.743 134.85 � 21.28 140.78 � 25.82 0.315 157.68 � 18.64 150.89 � 18.170 0.099 0.202

DBP peak (mmHg) 077.12 � 15.44 070.00 � 13.75 *0.036* 72.21 � 14.86 71.55 � 15.45 0.417 83.00 � 8.47 77.87 � 10.41 0.138 0.481

Angina class, n (%) < 0.001* 0.002* 0.396 *0.064*

Class I 0% 43.8% 0% 33.3% 0% 5.9%

Class II 100% 56.3% 83.3% 61.1% 100% 94.1%

Class III 0% 0% 16.7% 5.6% 0% 0%

METs 09.65 � 2.75 11.91 � 2.50 < 0.001* 9.20 � 2.91 10.18 � 2.72 0.003* 07.93 � 2.27 8.03 � 2.26 0.821 < 0.001*

Duke treadmill score, % < 0.001* < 0.001* 0.251 *0.007*

Low 18.8% 81.2% 22.2% 72.2% 0% 23.5%

Medium 81.2% 18.8% 77.8% 27.8% 88.2% 64.7%

High 0% 0% 0% 0% 11.8% 11.8%

HRR1 min, bpm 023.28 � 20.25 028.72 � 31.88 0.568 24.46 � 13.15 029.41 � 19.56 0.497 028.64 � 20.82 24.06 � 14.44 0.771 0.757

HRR1 0.876 0.243 0.302 0.608

< 12 min, bpm (%) 28.6 20 0 5.9 14.3 7.1

12 < min, bpm (%) 71.4 80 100 94.1 85.7 92.9

Ao, aorta; CG, control group; DBP, diastolic blood pressure; E/A, peak early diastolic filling velocity/peak late diastolic filling velocity; EDV, end-diastolic volume; EPI,

epicardial fat; ESV, end-systolic volume; ET, ejection time; FS, fractional shortening; HLTG, high load training group; HR, heart rate; HRR1, one minute heart rate

recovery; IVCT, isovolumetric contraction time; IVRT, isovolumetric relaxation time; IVSd, interventricular septal thickness at end-diastole; IVSs, interventricular septal

end systole; LA, left atrial; LLTG, low load training group; LVEF, left ventricular ejection fraction; LVIDd, left ventricular internal diameter end diastole; LVIDs, left

ventricular internal diameter end systol; LVPWd, end diastolic left ventricular posterior wall thickness; LVPWs, left ventricular posterior wall end systole; METs, metabolic

equivalent of task ((ml·kg
-1

·min
-1

); MPI, myocardial performance index; MvDecT, deceleration time of the early mitral inflow velocity; PACT, pulmonary acceleration time;

PERI, pericardial fat; RVOT VTI, right ventricular outflow tract velocity time integral; SBP, systolic blood pressure; TAPSE, tricuspid annular plane systolic excursion; TDa,

late diastolic mitral annulus velocity; TDe, early diastolic mitral anulus velocity. Ancova tests, p < 0.05; * Treatment effect.



� 13.75 mmHg, p = 0.03). Blood pressure changes were

similar in the LLTG and the control groups (p > 0.05).

Only the reductions in diastolic blood pressure in the

HLTG group were significantly different between the

groups (p = 0.048). The Duke treadmill score signifi-

cantly improved and shifted to low-risk in both the HLTG

and LLTG groups (p < 0.05). The Duke score was im-

proved in the control group; however, this result was

not statistically significant (p = 0.251). The angina sever-

ity class was significantly alleviated after training in both

the HLTG and LLTG groups (p < 0.001 and p = 0.002) (Ta-

ble 2).

HRR1 is shown in Table 2. Although there were no

significant between and within-group differences in

HRR1, the positive increase in HRR1 with device-guided

breathing was greater in the training groups than in the

control group. The changes in HRR1 in groups according

to a cut-off value of 	 12/min beats were as follows:

HRR1 was increased in 1 patient in the HLTG group and 1

patient in the control group, while the HRR1 in 1 patient

was lower than the cut-off value.

DISCUSSION

In the present study, we report the effects of de-

vice-guided breathing in CCS patients who suffered from

angina. The most important findings were that both

high load and low load device-guided breathing were

beneficial in relieving angina symptoms, reducing dia-

stolic blood pressure and improving exercise capacity.

Angina has life-limiting effects and diminishes the

quality of life despite OMT. Treatment goals for angina

include preventing the progression of atherosclerosis,

relief of symptoms, mitigation of secondary plaque for-

mation, and improvement in the quality of life.
28

Hence,

the initial treatment strategy is crucial both for patient

relief and survival. A meta-analysis consisting of 7229

stable angina patients reported that treatment goals

(preventing acute coronary syndrome, symptom relief,

death) were similar for both percutaneous + OMT and

OMT alone. Moreover, further revascularization under

the treatment strategies were similar between the groups.
29

The ORBITA study investigated patients with stable an-

gina diagnosed after coronary angiography showed >

70% single coronary artery stenosis.
30

The percutaneous

group was revascularized and received OMT, while the

other group was treated only by OMT. The primary end-

point of the ORBITA study (increase in exercise time)

was similar between the groups. Unlike the ORBITA study,

the Duke treadmill score was different between the

groups in our study. Hence, a treatment strategy of OMT

alone or coronary revascularization (percutaneous or

coronary artery by-pass grafting) is controversial in pa-

tients with CCS. Several studies have reported the effec-

tiveness of coronary revascularization, however deferral

of coronary revascularization is an option, especially in

the absence of accelerating angina. Hachamovitch et al.
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Figure 2. Comparison of the left ventricular ejection fraction (LVEF)

after the training.

Figure 3. Comparison of the exercise capacity between the groups.



reported follow-up results over an 8-year period of pa-

tients with evidence of ischemia on scintigraphy. Their

results showed the benefits on survival by early revas-

cularization only in patients with severe ischemia on

scintigraphy (> 20% of myocardium), but not in patients

with mild ischemia.
31,32

Hence, in our study we excluded

patients with huge ischemia (left main coronary artery

and proximal LAD stenosis etc.). The ISCHEMIA trial de-

monstrated the superiority of a revascularization strat-

egy only in patients with moderate-severe ischemia,

persistent anginal symptoms and left main coronary ar-

tery disease that was verified by coronary computed to-

mography angiography. According to the results, pati-

ents without these criteria should be directed to medi-

cal treatment without urgent intervention, and an inter-

vention should be kept in mind in case of the inefficacy

of OMT alone.
33

A recent article reported the exact ini-

tial therapy option (initial invasive + OMT and OMT

alone) in patients with stable angina with moderate or

severe ischemia. The study period was about 3.2 years.

At the end of the 1st year, despite a slight increase in

primary outcomes (death from cardiovascular causes,

myocardial infarction, or hospitalization for unstable an-

gina, heart failure, or resuscitated cardiac arrest) in the

percutaneous group, similar results were obtained at

the end of the study.
34

Taking the different results and

benefits from the mentioned studies into consideration,

assessing the appropriate treatment of stable angina,

we aimed to treat these patients by increasing their

muscle strength and exercise capacity.

Cardiac rehabilitation is recommended for symptom

relief in addition to medical therapy in CCS patients.

However, cardiac rehabilitation programs mostly include

aerobic exercises.
35,36

By slow and regular breathing, for

example, less than 10 breaths per minute, tidal volume

increases, pulmonary stretch receptors are activated

and reflex control of the cardiovascular system is af-

fected in various ways. These include inhibition of sym-

pathetic outflow during exhalation and arteriolar vaso-

dilatation.
37

Thus, increased oxygen uptake and reduced

fatigue may improve the symptoms of CCS patients with

angina. Adequate respiration and inspiratory phases de-

crease intrathoracic pressure, decrease pulmonary vas-

cular resistance, and enhance venous return and atrial

filling that is essential for myocardial contractility pre-

ceded by sufficient ventricular expansion, which is re-

ferred to as the Frank-Starling mechanism.
38

In addition,

responses to different breathing training exercises have

been investigated in previous studies.
39,40

Slow and deep

breathing has been reported to promote the modula-

tion of autonomic cardiovascular regulation, which is

characterized by increased parasympathetic activity and

decreased muscle sympathetic activity. Hamilton et al.

addressed the beneficial effects of respiratory and peri-

pheral muscle strength on dyspnea, working capacity,

and symptom intensity in patients with cardiorespira-

tory disorders.
11

In patients with obstructive sleep apnea,

device-guided breathing training decreased blood pres-

sure (systolic and diastolic) and circulating plasma cate-

cholamines in the apnea group and ensured better sleep

quality.
41

De Abreu et al. reviewed the effects of device-

guided breathing from studies investigating patients

with diabetes mellitus and heart failure and the influ-

ences of device-guided breathing training on cardiac

autonomic tone and reflexes (blood pressure, required

parasympathetic activation after exercise, etc.), which

were emphasized as the predictors of future cardiovas-

cular events and survival. MIP (30%) has been shown to

have beneficial effects on cardiac autonomic control,

functional capacity, and the quality of life in patients with

heart failure.
42-47

An overview evaluating the effective-

ness of device-guided breathing exercises in patients

with hypertension noted that there was no significant

effect on blood pressure.
48

Wang et al. reported a de-

crease in blood pressure (mean arterial and diastolic

blood pressure) and inflammatory marker (TNF-�) after

performing 1 and 3 months of device-guided slow brea-

thing exercises in patients with hypertension.
49

Xu et al. found that combining head movements with

device-guided breathing was not effective on 24-hour

blood pressure but reduced night-time blood pressure in

hypertensive patients.
50

Although a reduction in blood

pressure was observed in the study groups ion the pre-

sent study, the reduction was significant only in the HLTG

group in DBP. Similar to the results of the current study,

a systematic review and meta-analysis investigating the

effects of device-guided breathing exercises on the car-

diovascular system through autonomic function modula-

tion,
51

found that device-guided breathing could be con-

sidered as a complementary treatment to improve the

cardiovascular system, mainly in HR and DBP. In the pre-

sent study, although there was an improvement in some
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cardiac functions, most of them were not statistically

significant. Therefore, longer-term studies are needed

to show the significant improvement in cardiac function.

Breathing exercises have been reported to provide

reductions in retrosternal chest pain,
52

chest pain with

normal coronary arteries,
53

and non-cardiogenic chest

pain.
54

A recently published study stated that slow deep

breathing was effective for relieving pain, but that the

underlying mechanisms have yet to be clarified.
55

The

results of the current study demonstrated the evident

clinical relief of angina in both the HLTG and LLTG groups,

and these results were significantly different from the

control group. In addition to indicating angina relief, re-

duced angina class has been shown to be a predictor of

decreased mortality.
45

Moreover, long-term studies in-

volving device-guided breathing exercises have investi-

gated the possible effects on mortality. Kodama et al.

defined the ability of increased oxygen consumption as

increased aerobic capacity and demonstrated cardio-

respiratory fitness during a treadmill test.
46

Multivariate

analysis of a previous study showed that including the

Duke score in traditional clinical evaluations provided

the most significant value for the prediction of future

cardiovascular events, and that increased Duke score

was positively correlated with a higher mortality rate.
47

In the present study, METs and Duke treadmill scores

were not improved in the control group; however, the

HLTG (METs from 9.65 � 2.75 to 11.91 � 2.50 ml/kg/min)

and LLTG (METs from 9.20 � 2.91 to 10.18 � 2.72 ml/kg/

min) groups gained more benefits from device-guided

breathing in terms of METs. Similar to the current study,

Muammer et al. reported improvements in exercise ca-

pacity with peripheric muscle training and device-guided

breathing in coronary artery disease patients with meta-

bolic syndrome. They concluded that different device-

guided breathing methods should be used in cardio-

pulmonary rehabilitation to improve exercise intoler-

ance in coronary artery patients with metabolic syn-

drome.
56

Current knowledge about the effects of de-

vice-guided breathing on functional capacity in patients

with CCS is still insufficient. Considering the effects of

the current study on functional capacity, it may be re-

commended to use device-guided respiration to increase

functional exercise capacity in CCS patients.

HRR provides a practical, non-invasive way to mea-

sure parasympathetic activation after exercise.
57

De-

vice-guided breathing was increased in HRR. Deep slow

breathing exercises have been shown to improve heart

rate variability in healthy subjects, without altering their

cardiac autonomic balance.
58

Similar to the previous

study, the current study showed that deep breathing

with a device with/without load improved HRR. Deep

breathing is a safe noninvasive training method for im-

proving HRR1.

One of the limitations of our study is the sample

size. Although sample size measurement was performed

by power analysis, an increase in the patient population

was halted due to the COVID-19 pandemic. Imaging te-

chniques (scintigraphy, exercise echocardiography, etc.)

to clarify ischemia, especially for defining moderate to

severe ischemia were not used. The combination of stress

testing and an imaging modality for the detection of is-

chemia may be more valuable to show the benefits of

device-guided breathing for alleviating the severity of

angina, and also the ischemia degree and myocardial

territories in which it was effective. The control group

could be trained with traditional breathing exercises.

NEW KNOWLEDGE GAINED

Our study results offer a novel physiological treatment

approach to CCS patients. This treatment is a non-inva-

sive approach that improves patients’ quality of life. In

addition, it will increase the applicability of exercise,

which has a place in the secondary treatment of coro-

nary artery disease and CCS.

CONCLUSION

There is still doubt regarding the ideal initial treat-

ment for stable angina. Novel studies have supported

initial OMT rather than an invasive approach. Chronic

coronary syndrome guidelines recommend aerobic exer-

cise, but there is no information regarding breathing ex-

ercises. The current study is the first to show the effect

of device-guided breathing exercises on exercise capac-

ity, cardiac function and angina severity in patients with

CCS. This study also demonstrated that device-guided

breathing exercises with different loads can be added to

optimal treatments. High load training was more effec-
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tive than low load training and the control group. High

load breathing training reduced diastolic blood pressure,

relieved angina severity and improved exercise capacity.

No side effects (shortness of breath, increased chest

pain, etc.) were observed during the training, and this

showed the safety of the device-guided breathing exer-

cises. A longer duration and different intensity (medium

intensity/high intensity with interval training) of training

within controlled groups should be investigated in fu-

ture studies. Additional studies are needed to find the

most effective load of device-assisted breathing exer-

cises in CCS patients with angina. As a result, device-

assisted breathing exercises can be added to cardiac re-

habilitation programs in patients with CCS and angina.
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