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Abstract

Aims This study aimed to evaluate the impact of aerobic exercise training with vascular occlusion in patients with chronic
heart failure.

Methods and results Thirty patients with post-infarction heart failure were randomized to an interventional exercise group
(IG; n = 15) or a control exercise group (CG; n = 15). Exercise was performed at an intensity of 40-70% of the peak VO,/W for
6 months. Patients in the |G remained seated on the saddle of the cycle ergometer with their feet on the pedals. Pneumatic
tourniquets were applied to the proximal ends of their thighs with appropriate pressure resulting in a 40-80 mmHg increase in
the systolic blood pressure that is required for vascular occlusion (208.7 + 7.4 mmHg). We evaluated the safety and efficacy of
the intervention and its effect on exercise capacity and serum BNP levels. There were no significant differences between the
IG and CG in patient characteristics at study entry. Peak VO,/W in the |G significantly increased compared with that in the CG;

the change in the serum BNP levels was significantly larger in the |G than in the CG.

Conclusions
serum BNP levels in patients with chronic heart failure.
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Introduction

Despite major progress in pharmacological and device ther-
apy, patients with chronic heart failure (CHF) are left with re-
duced exercise capacity and poor quality of life, resulting in
muscular atrophy. Indeed, muscular atrophy in patients with
CHF is a major determinant of exercise capacity.1 In general,
aerobic exercise training is an important adjunct to medical
therapy in patients with CHF. However, some patients with
CHF do not have enough muscular strength to get the aerobic
exercise even at low exercise intensity because of muscular
atrophy-induced exercise intolerance and fatigue.

Neurohormonal activation is a hallmark of CHF.? The pro-
duction of brain natriuretic peptide (BNP) by ventricular
cardiomyocytes correlates with left ventricular dysfunc-
tion.>* Thus, the assay of BNP has been proposed as diagnos-
tic and prognostic tool.*

Aerobic exercise training with vascular occlusion is effec-
tive in inducing muscular hypertrophy and concomitant

increase in strength.® The effect of aerobic exercise training
with vascular occlusion in patients with CHF on improving ex-
ercise capacity is unknown. In the present study, we tested
the hypothesis that in patients with CHF, aerobic exercise
training with vascular occlusion compared with aerobic exer-
cise training is more effective in improving submaximal exer-
cise capacity. In addition, BNP levels and safety of the
intervention were assessed.

Methods
Study protocol

The protocol was approved by the local ethics committee. Pa-
tients signed an informed consent form. Patients were ran-
domized to an interventional exercise group (IG; n = 15) or
a control exercise group (CG; n = 15). The randomization code
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was developed with a computer random number generator
to select random permuted blocks.

Patients and interventions

We enrolled 30 consecutive patients (30 men; mean age,
60.7 + 11.1 years) with post-infarction heart failure from the
Department of Cardiovascular Internal Medicine, Yodogawa
Christian Hospital, Osaka, Japan, from 2012 to 2014 (Table 1).
None of the patients had a myocardial infarction in the
12 months preceding the study. Eight patients were 70 to
80 years old, 10 were 60 to 70 years old, 5 were 50 to 60 years
old, and 7 were 40 to 50 years old. Four patients were >70% of
left ventricular ejection fraction (LVEF), 6 were 60% to 70%, 8
were 50% to 60%, 2 were 40% to 50%, and 8 were <40% of
LVEF. LVEF was evaluated with biplane transthoracic echocar-
diography by the modified Simpson rule. Inclusion criteria
were as follows: clinical stability during the last 3 months and
an ability to perform exercise. Exclusion criteria were as fol-
lows: recently diagnosed acute coronary syndrome or a recent
coronary intervention or both, renal insufficiency (estimated
glomerular filtration rate < 30 mL/min), liver abnormalities,
uncontrolled hypertension, arteriosclerosis obliterans, and

Table 1 Patient characteristics and medication use

1G CcG P
Age, years 58.5 +11.2 629 =+ 11.0 NS
Male/female 15/0 15/0 NS
Height, cm 167.8 £ 7.7 167.1 £ 45 NS
Weight, kg 69.7 +10.6 71.5+11.7 NS
BMI 24.7 = 3.5 25.6 = 3.9 NS
Previous cardiac disease OMI 15 OMI 15 NS
NYHA functional class I/Il 7/8 10/5 NS
BNP, pg/mL 148.1 = 118.7 1445 = 174.1 NS
BUN, mg/dL 16.6 £ 6.6 17.6 £ 8.8 NS
Creatinine, mg/dL 1.0 £ 0.3 1.0 £ 0.3 NS
eGFR, mL,/min/1.73m2 62.0 = 19.2 65.0 = 15.4 NS
Glucose, mg/dL 123.9 240 131.4 +30.3 NS
HbA1c, % 6.0 + 0.6 6.7 +1.2 <0.05
TG, mg/dL 134.0 £ 449 163.2 = 109.7 NS
HDL-C, mg/dL 44.0 = 21.6 46.7 £ 9.0 NS
LDL-C, mg/dL 104.4 = 42.4 140.6 £ 57.3 <0.05
Uric acid, mg/dL 6.8 = 2.1 7624 NS
C-reactive protein, mg/dL 0.5 + 0.6 0.4 +0.7 NS
EF, % 49.3 + 15.8 544 + 16.3 NS
E/A 1.1 +0.8 0.9 +0.2 NS
Peak VO»/W, mL/kg/min 16.3 £ 3.6 16.1 £ 3.4 NS
ACE-I/ARB (n) 3/5 9/3 <0.05
Beta-blocker (n) 13 9 NS
Aldosterone antagonist (n) 6 3 NS
Statin (n) 10 13 NS

ACE-|, angiotensin-converting enzyme inhibitor; ARB, angiotensin
receptor blocker; BNP, brain natriuretic peptide; BMI, body mass in-
dex; BUN, blood urea nitrogen; CG, control exercise group; EF, ejec-
tion fraction; eGFR, estimated glomerular filtration rate; HbA1c,
haemoglobin A1c; HDL-C, high density lipoprotein cholesterol; IG,
interventional exercise group; LDL-C, low density lipoprotein cho-
lesterol; NS, not significant; NYHA, New York Heart Association;
TG, triglyceride; OMI, old myocardial infarction.

Data are mean * standard deviation or number of patients.

orthopaedic and/or neurological limitations. None of the pa-
tients had atrial fibrillation or an artificial cardiac pacemaker.

Exercise in IG and CG was performed on a cycle ergometer
(Aerobike 75XL Ill, Combi Wellness) at an intensity of 40-70%
of the peak VO,/W for 15 min three times a week for
6 months. Heart rate was monitored during exercise sessions
in all patients. On study entry and at 6 months, all patients
underwent cardiopulmonary exercise testing, blood chemis-
try, and thigh circumference evaluation.

Interventional exercise group patients remained seated on
the saddle of the cycle ergometer with their feet on the
pedals. Pneumatic tourniquets (width: 90 mm; length:
700 mm) were applied to the proximal ends of their thighs
with appropriate pressure resulting in a 40-80 mmHg increase
in the systolic blood pressure that is required for vascular oc-
clusion (208.7 £ 7.4 mmHg). No subject was allowed to partic-
ipate in a training session without 2 days recovery from the
prior session. Each training session began with a 5 min
warm-up period, followed by adjustment of the cycle ergom-
eter resistance for each individual. The researcher instructed
the patients about when to begin and when to stop pedalling
during each training session. The cuffs remained inflated on
the patients in the IG only during the cycle ergometer session.

Blood chemistry

In all patients, blood was sampled from an antecubital vein
before cardiopulmonary exercise testing. Serum BNP levels
was measured with standard procedures at the Yodogawa
Christian Hospital, Osaka, Japan.

Thigh circumference

In all patients, thigh circumference was measured in the su-
pine position at a point 15 cm above the patella before car-
diopulmonary exercise testing.

Cardiopulmonary exercise testing

A symptom-limited cardiopulmonary exercise test was per-
formed on a cycle ergometer, and the work rate was increased
in a ramp pattern. All exercise tests were performed in the
morning >3 h after a light breakfast. Expired gases and vol-
umes were analysed on a breath-by-breath basis using an
AE-300S Aeromonitor (Minato Medical Science, Osaka,
Japan). The heart rate and blood pressure were measured ev-
ery minute during increasing work rate exercise and recovery.
The exercise test was stopped when >1 of the following
criteria were present: fatigue, dyspnoea, excessive systemic
blood pressure increase (>230/130 mmHg), >2 mm ST
depression in >2 adjacent leads, and/or angina. The anaerobic
threshold was measured by the V-slope method.® Peak VO,/W
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was the mean oxygen uptake during the last 15 s of exercise.
Ventilation (VE) and carbon dioxide output (VCO,) were mea-
sured, and the gradient of the VE-VCO, relationship (VE vs.
VCO, slope) was determined. All exercise tests were con-
ducted at the Yodogawa Christian Hospital, Osaka, Japan.

Statistical analysis

Data were analysed using repeated-measures two-way
ANOVAs with a between-participant factor of group (IG or
CG) and a within-participant factor of time points of
measurements (initial, after 6 months). Greenhouse—Geisser
corrections were applied when appropriate to adjust for
non-sphericity. Post hoc analysis used the Bonferroni correc-
tion for multiple comparisons. A significance threshold of

Figure 1 The measured exercise intensity of initial to 1 month, 1 to
3 months, and 3 to 6 months. There were no significant differences in
the measured exercise intensity between the interventional exercise
group (IG) and control exercise group (CG) during the training sessions.

P < 0.05 was chosen for all tests. All statistical analyses were
performed with SPSS 25.0 for Mac (SPSS Inc., Chicago, IL).

Result

Table 1 summarizes patient characteristics and medication
use in IG and CG. There were significant differences in
haemoglobin Alc (HbAlc) and low density lipoprotein
cholesterol (LDL-C) levels between the IG and CG at baseline
(Table 1). Patients were treated with angiotensin-converting
enzyme inhibitor (ACE-l) or angiotensin receptor blocker
(ARB) (IG: 53.3%, CG: 80.0%, P < 0.05), beta-blockers
(IG: 86.7%, CG: 60.0%, P = NS), and aldosterone antagonists
(1G: 40.0%, CG: 33.3%, P = NS). The treatment did not change
during the intervention period. There were no significant
difference in the measured exercise intensity between the
IG and CG during the training sessions (Figure 1).

Clinical follow-up

(Watt)
70 G After 6 months of exercise training, the serum triglyceride,
60 S CG high-density lipoprotein, LDL-C, total cholesterol, glucose,
and HbA1c levels did not change (Table 2). No adverse effects
50 of exercise training were noted.
40
- Exercise capacity
20 After 6 months of exercise training, the peak VO,/W in the I1G
10 significantly increased compared with that in the CG [IG:
16.3 + 3.6 to 22.1 + 3.7, F(1, 28) = 18.55; P = 0.0002;
0 #° = 0.398; CG: 16.1 * 3.4 to 18.1 + 3.5, F(1, 28) = 2.598;
Initialto 1 month  1to3months 310 6 months P = 0.118; 5* = 0.085; Table 3]. After 6 months of exercise
training, there were significant differences in changes of peak
Table 2 Metabolic parameters
IG CG
Initial 6 months Initial 6 months
BNP, pg/mL 148.1 = 118.7 75.3 £ 70.6* 1445 = 174.1 129.3 £ 124.0
BUN, mg/dL 16.6 = 6.6 19.0 £ 5.8 17.6 = 8.8 189+ 7.9
Creatinine, mg/dL 1.0 +0.3 1.0 +0.3 1.0 0.3 1.0 0.2
eGFR, ml/min/1.73m? 62.0 = 19.2 63.4 + 18.9 65.0 + 154 62.3 +12.8
Glucose, mg/dL 123.9 £ 24.0 113.6 £12.3 131.4 = 30.3 151.6 = 90.8
HbA1c, % 6.0 = 0.6 6.1 £ 0.5 6.7 1.2 6.6 1.5
TG, mg/dL 134.0 = 449 139.9 = 109.7 163.2 = 109.7 147.4 = 921
HDL-C, mg/dL 44.0 £ 21.6 47.5 £ 145 46.7 £ 9.0 46.5 £ 12.2
LDL-C, mg/dL 104.4 £ 42.4 81.0 £ 17.7 140.6 = 57.3 98.5 + 28.3
Uric acid, mg/dL 6.8 = 2.1 6.8+ 1.0 7624 6.4+ 1.5
C-reactive protein, mg/dL 0.5+ 0.6 0.1 £ 0.1* 0.4 +0.7 0.2 0.2

BNP, brain natriuretic peptide; BUN, blood urea nitrogen; CG, control exercise group; eGFR, estimated glomerular filtration rate; HbA1c,

haemoglobin A1c; HDL-C, high density lipoprotein cholesterol; IG,

terol; TG, triglyceride.
Data are mean = standard deviation.
*Different from initial, P < 0.05.

interventional exercise group; LDL-C, low density lipoprotein choles-
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VO,/W between the |G and CG [38.7 £ 24.2 vs. 13.5 + 12.4%,
F(1, 28) = 12.798; P = 0.002; > = 0.314; Figure 2].

Brain natriuretic peptide

After 6 months of exercise training, the change in serum BNP
levels was significantly larger in the IG than in the CG
[-72.8 + 76.7 vs. —13.3 + 91.0 pg/mL, F(1, 28) = 3.747,
P =0.032; ;72 =0.118; Figure 3]. There were significant inverse
correlations between changes in BNP levels and exercise ca-
pacity in the IG compared with the CG (IG: R = 0.74; CG:
R = 0.33; Figure 4).

Discussion
Exercise capacity

The primary findings of this study are as follows: aerobic exer-
cise training with vascular occlusion can improve exercise ca-
pacity. Vascular occlusion training is an exercise practice
developed to increase skeletal muscle mass and strength in nor-
mal, healthy individuals.” Popovici demonstrated that com-
bining partial vascular occlusion with low loads during a
complex high-speed task such as sprinting on a cycle ergometer
can improve peak power as effectively as traditional sprint
training with high resistance.’® Furthermore, Takarada et al.
demonstrated that blood flow through the superficial femoral
artery after occlusive low-intensity cycle exercise reached a
level comparable with that observed in a preliminary study of
moderate-intensity (65% of HR4x) cycle exercise without occlu-
sion. This resulted in a marked increase in the change in diame-
ter, with elevated nitric oxide production that probably
accounted for the improvement in vasodilatation.* The en-
hancement of post-exercise hyperaemia by low-intensity cycle
exercise with vascular occlusion could be directly related to
the occlusion and reperfusion involved in the occlusive exercise,
leading to a greater change in superficial femoral artery diame-
ter. In skeletal muscle, nitric oxide has been suggested to be

Table 3 Exercise parameters

Figure 2 Change from initial of peak VO,/W. Probability values inside
figures indicate within-group differences. There were significant differ-
ences in changes of peak VO,/W between the interventional exercise
group (IG) and control exercise group (CG).
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Figure 3 Change from initial of serum BNP levels. Probability values in-
side figures indicate within-group differences. The change in serum BNP
levels was significantly larger in the interventional exercise group (IG)
than in the control exercise group (CG).
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involved in the expression of cyclooxygenase 2.** The COX en-
zymes catalyse production of prostaglandins from arachidonic
acid; one of these, prostaglandin F2a, may regulate skeletal

IG CG

Initial 6 months Initial 6 months
Weight, k% 69.7 = 10.6 70.5 x93 69.8 = 11.3 69.7 = 11.8
BMI, kg/m 24.7 = 3.5 25.0 = 2.5 25.6 = 3.9 25.7 = 4.1
Thigh circumference (R), cm 47.3 + 6.1 49.7 + 4.4 47.8 + 4.7 47.6 + 4.3
Thigh circumference (L), cm 48.1 + 6.3 50.0 + 4.6 47.8 + 4.7 47.7 + 4.2
PeakVO,/W, mL/kg/min 16.3 £ 3.6 22.1 = 3.7* 16.1 £ 3.4 18.1 £ 35
AT, ml/kg/min 13.0 £ 2.3 15.3 + 2.0* 121 £2.3 13.7 £2.2
VE vs. VCO, slope 31.7 £ 4.8 29.7 £ 45 31.0 £ 3.0 30.8 + 4.6

AT, anaerobic threshold; BMI, body mass index; CG, control exercise group; |G, interventional exercise group; L, left; R, right; VE vs. VCO,

slope, ventilation and carbon dioxide output relationship.
Data are mean = standard deviation.
*Different from initial, P < 0.05.
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Figure 4 Relation between the changes in peak VO,/W and in plasma
concentration of BNP in both groups. CG, control exercise group; IG, in-
terventional exercise group.
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muscle hypertrophy by activating both cell fusion and protein
synthesis.’®* The results presented previously suggest that a
low-intensity cycle exercise with vascular occlusion brings about
acute responses similar to those observed in low-intensity resis-
tance exercise aimed at muscular hypertrophy.

Although there are numerous studies demonstrating the
muscular benefits of aerobic exercise training with vascular
occlusion, studies investigating the cardiovascular effects of
vascular occlusion are sparse.*®

The results of this study indicate that aerobic exercise
training with vascular occlusion can improve exercise capacity
in patients with CHF.

In addition, aerobic exercise training in male patients with
CHF has been postulated to be useful for cardiovascular
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