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Summary
Background and purpose: We have reported previously that Waon therapy improves cardiac and
vascular function, and prognosis of patients with chronic heart failure (CHF). CHF is character-
ized by generalized sympathetic activation and parasympathetic withdrawal. The purpose of
this study was to evaluate the effect of Waon therapy on autonomic nervous activity in patients
with CHF.
Methods and subjects: Fifty-four patients with CHF, who were receiving conventional therapy
for CHF, were divided into Waon therapy and control groups. In the Waon therapy group, 27
patients were treated with medication and Waon therapy. In the control group, 27 patients
were treated with only conventional CHF therapy. Cardiac function including cardiac output
(CO) and left ventricular ejection fraction (LVEF) was evaluated by echocardiography. The heart

rate variability, such as the coefficient of variation of RR intervals (CVRR), the low-frequency
(LF) component, high-frequency (HF) component, the LF norm [LF/(LF + HF)], and HF norm
[HF/(LF + HF)], were measured at admission and 4 weeks after treatment.
Results: Echocardiography demonstrated that CO and LVEF significantly increased after 4 weeks
in the Waon therapy group, but did not change in the control group. In the Waon therapy

group, CVRR, HF, and HF norm significantly increased 4 weeks after Waon therapy. In addi-
tion, the LF/HF ratio and LF norm significantly decreased 4 weeks after Waon therapy. In
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contrast, these parameters remained unchanged in the control group. Moreover, the HF and HF
norm were significantly higher, and the LF/HF ratio and LF norm were significantly lower after 4
weeks of Waon therapy group than after 4 weeks of only conventional therapy.
Conclusions: Waon therapy improved cardiac function and autonomic nervous activity by increas-
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Body weight, blood pressure and heart rate were measured
at admission and 4 weeks after treatment. The cardio-
ing parasympathetic and dec
© 2011 Japanese College of C

Introduction

The autonomic nervous system maintains stable hemody-
namics by controlling sympathetic and parasympathetic
nervous activity. It is well known that the autonomic ner-
vous system may contribute to pathological conditions such
as ischemic heart disease, arrhythmia, and congestive heart
failure, and influence the prognosis of these diseases [1—3].
In heart failure patients, activation of the sympathetic ner-
vous activity causes myocardial damage [4], and it is one of
the important prognostic predictors [5,6].

Heart rate variability (HRV), i.e., the amount of heart
rate fluctuations around the mean heart rate, can be used
as a marker of the cardiorespiratory control system. It is a
valuable tool to investigate the sympathetic and parasym-
pathetic components of autonomic nervous function [7].
Previous studies suggest that a marked reduction of HRV is
found in patients with chronic heart failure (CHF) [8]. The
high-frequency component of HRV, a marker of parasym-
pathetic modulation, declined markedly from the early
asymptomatic stage of pacing-induced heart failure in a dog
model. The parasympathetic withdrawal occurred rapidly in
a parallel fashion with the decline in left ventricular con-
tractility [9].

We developed a thermal therapy with a 60 ◦C dry sauna,
and have been investigating the various effects of thermal
therapy such as improvement of hemodynamic parameters,
endothelial function, and clinical symptoms in many conges-
tive heart failure patients [10—15]. Furthermore, we have
demonstrated that repeated sauna treatment improves the
prognosis of CHF in humans [16] and hamsters [17]. Gener-
ally, thermal therapy at very high temperature was originally
used to treat localized cancer. However, the therapy we
developed to treat cardiovascular diseases is quite differ-
ent, in that it consists of systemic soothing warmth that
comfortably refreshes the mind and body. Therefore, we
have changed the name from thermal to Waon therapy, since
‘‘Waon’’ in Japanese means soothing warmth [18—20]. To
date, we have performed Waon therapy in several hundred
CHF patients without any severe adverse effects.

We hypothesize that Waon therapy may improve auto-
nomic nervous function of CHF patients. Thus, the purpose
of this study was to evaluate the effect of Waon therapy on
autonomic nervous activity in patients with CHF.

Methods

Study population
Fifty-four patients (38 men, 16 women) who had been
referred to Kagoshima University Hospital for treatment of
CHF were prospectively randomized into Waon therapy and
control groups. All patients of both groups had already been
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reated with medications for heart failure at admission of
his study. In the Waon therapy group, 27 patients were
reated with medication and Waon therapy. In the control
roup, 27 patients continued the conventional medications
or CHF.

Inclusion criteria were New York Heart Association
NYHA) functional class II—IV and left ventricular ejection
raction (LVEF) < 50% on echocardiography. Exclusion cri-
eria were the presence of severe aortic valve stenosis,
ypertrophic cardiomyopathy with severe obstruction, CHF
reated with catecholamines, and renal failure requiring
emodialysis. We also excluded patients with excessive arti-
acts in the HRV analysis such as atrial fibrillation, frequent
trial or ventricular premature contractions, marked repo-
arization abnormalities, and implantation of a pacemaker.

Informed consent was obtained from all of the patients
rior to participation, and the protocol was approved by
he Ethics Committee of the Faculty of Medicine, Kagoshima
niversity.

tudy protocol

atients in the Waon therapy group received medications for
eart failure and 20 sessions of Waon therapy (once a day,
days a week for 4 weeks). Patients in the control group

eceived conventional treatment for heart failure including
est, oxygen administration, and medication for 4 weeks in
he hospital. All examinations were performed at admission
nd 4 weeks after treatment.

aon therapy

aon therapy [18—20], a form of thermal therapy, uses a far
nfrared-ray dry sauna at 60 ◦C and differs from traditional
auna. Waon therapy has an absence of hydration pressure,
nd was performed as previously reported [10]. The patients
ere placed in a 60 ◦C sauna system for 15 min; after leav-

ng the sauna, they underwent bed rest with a blanket to
eep them warm for an additional 30 min. All patients were
eighed before and after the therapy, and oral hydration
ith water was used to compensate for weight loss due to
erspiration.

hysical examination and cardiac function
horacic ratio (CTR) determined by chest radiography, and
chocardiography was performed at admission and 4 weeks
fter treatment. Cardiac output (CO), LVEF, left ventricular
nd-diastolic volume (LVEDV), and left and right ventricu-
ar Tei index (LV-, RV-Tei index) [21—23] were evaluated by
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Table 1 Baseline clinical characteristics.

Control group (n = 27) Waon therapy group (n = 27) p

Age (years) 64 ± 16 63 ± 15 0.76
Gender, M/F 19/8 19/8 1.00
NYHA functional class, II/III/IV 13/10/4 12/11/4 0.85
Etiology of heart failure, n (%)

DCM 12 (44%) 8 (30%) 0.25
ICM 10 (37%) 10 (37%) 1.00
Others 5 (19%) 9 (33%) 0.21

Complication, n (%)
Hypertension 9 (33%) 11 (41%) 0.57
Dyslipidemia 14 (52%) 16 (59%) 0.58
Diabetes mellitus 11 (41%) 12 (44%) 0.78
Current or past smoking 8 (30%) 12 (44%) 0.25

Medication, n (%)
ACE inhibitor 17 (63%) 14 (52%) 0.40
ARB 10 (37%) 13 (48%) 0.40
Beta-blocker 25 (93%) 25 (93%) 1.00
Statin 9 (33%) 11 (41%) 0.57
Diuretics 27 (100%) 27 (100%) 1.00
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Values are means ± SD or n (%); ACE, angiotensin-converting enzym
ICM, ischemic cardiomyopathy; NYHA, New York Heart Association

chocardiography. All Doppler and echocardiographic mea-
urements were performed according to the guidelines of
he American Society of Echocardiography specified in 2005
24]. The LVEF and LVEDV were obtained by the modified
iplane Simpson’s method from the apical 2- and 4-chamber
iews. CO was calculated by the product of stroke vol-
me and heart rate. Stroke volume was obtained by the
V outflow Doppler method as the product of area and the
ime—velocity integral of LV outflow track. The Tei index,
he sum of isovolumic contraction and relaxation times
ivided by the ejection time, is a well-established good indi-
ator of global cardiac function [21,22]. It was obtained from
oppler recordings of LV and RV inflow and outflow.

aboratory examinations

fasting plasma blood sample was taken in the morn-
ng to measure plasma concentrations of neurohormones,
uch as catecholamines and brain natriuretic peptide (BNP).
lasma noradrenaline concentration was measured with
igh-performance liquid chromatography (BML Co., Ltd.,
okyo, Japan), and plasma BNP concentration was mea-
ured with a chemiluminescent enzyme immunoassay using
commercially available kit (Pathfast, Mitsubishi Chemical
edience Co., Ltd., Tokyo, Japan), at admission and 4 weeks
fter treatment.

easurement and evaluation of the autonomic
ervous system
he indices of HRV can be divided into two major categories:
ime and frequency domain indices. We calculated the time
omain index using the coefficient of variation of RR inter-
als (CVRR), which was determined by dividing the standard
eviation of RR intervals (SD) by the mean RR interval (M)
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B, angiotensin II receptor blocker; DCM, dilated cardiomyopathy;

or a 5-min recording of the electrocardiogram at rest. Thus,
VRR, an index of parasympathetic nervous activity, was cal-
ulated as follows: CVRR (%) = (SD/M) × 100 [25]. In addition,
e analyzed the frequency domain index to assess the mag-
itude of the individual components of the heart rate power
pectrum. Three main spectral components are distin-
uished in a spectrum calculated from short-term recording
f 2 to 5 min: very-low-frequency (VLF; 0.003—0.04 Hz),
ow-frequency (LF; 0.04—0.15 Hz), and high-frequency com-
onents (HF; 0.15—0.40 Hz) [7,26]. We analyzed consecutive
R intervals in order to assess both LF and HF of the
eart rate power spectrum using the MemCalc/Tonam® sys-
em (Suwa Trust, Tokyo, Japan) [27—29]. Normalized units
nu) were calculated from the following equations: LF
orm = LF/(LF + HF), and HF norm = HF/(LF + HF) [7]. The HF
lement and HF norm reflect only parasympathetic nervous
ctivity, because the HF element is not reduced by sympa-
hetic blockade with propranolol, but rather is abolished by
agal blockade with atropine [30—32]. In contrast, the LF/HF
atio and LF norm are generally used as indices of sympa-
hetic nervous activity, because the LF element reflects both
ympathetic and parasympathetic nervous activity [29,32].
ime domain analysis and spectral analysis of HRV were per-
ormed for a consecutive 5-min period in this study. HRV
as been shown to be influenced by various conditions such
s circadian rhythm, room temperature, physical and men-
al stress, body position, eating, smoking, and sleeping.
herefore, we prohibited the subjects from intense exer-
ise, smoking, and alcohol drinking during hospitalization,
nd prohibited them from eating for 3 h before the mea-
urement. HRV was measured in a quiet and air-conditioned

oom. We also measured HRV after at least 15 min of rest
n the supine position and at the same time each day
o avoid the influence of circadian rhythm. In the Waon
herapy group, HRV was measured at 6 h after Waon ther-
py.



Improvement of autonomic nervous activity by Waon therapy in patients with chronic heart failure 103

Table 2 Parameters at admission and after 4 weeks in the Waon therapy and control groups.

Variable Control group (n = 27) Waon therapy group (n = 27) Comparison between groups

Admission After 4 weeks Admission After 4 weeks Admission After 4 weeks

Body weight (kg) 58 ± 15 57 ± 14*** 57 ± 10 56 ± 11*** 0.63 0.69
SBP (mm Hg) 106 ± 18 103 ± 16* 106 ± 20 100 ± 17*** 0.95 0.62
DBP (mm Hg) 65 ± 9 62 ± 10* 65 ± 10 62 ± 10 0.89 0.88
HR (beat/min) 71 ± 11 68 ± 10 72 ± 14 67 ± 10* 0.91 0.82
CTR (%) 58 ± 5 56 ± 5*** 57 ± 4 54 ± 5*** 0.17 0.11
CO (l/min) 3.12 ± 0.71 3.06 ± 0.73 2.88 ± 0.71 3.18 ± 0.72* 0.34 0.44
LVEF (%) 31 ± 9 32 ± 11 33 ± 13 35 ± 12* 0.47 0.31
LVEDV (ml) 194 ± 47 191 ± 59 179 ± 63 164 ± 59* 0.35 0.10
LV-Tei index 0.75 ± 0.21 0.80 ± 0.23 0.81 ± 0.32 0.79 ± 0.28 0.41 0.84
RV-Tei index 0.69 ± 0.23 0.56 ± 0.22** 0.67 ± 0.40 0.54 ± 0.28* 0.87 0.71
BNP (pg/ml) 522 ± 234 387 ± 314** 521 ± 439 278 ± 213*** 0.99 0.14
Noradrenaline (pg/ml) 626 ± 443 472 ± 220 673 ± 396 436 ± 177** 0.76 0.54

Values are means ± SD; BNP, brain natriuretic peptide; CO, cardiac output; CTR, cardiothoracic ratio; DBP, diastolic blood pressure; HR,
heart rate; LV, left ventricle; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; RV, right ventricle;
SBP, systolic blood pressure.
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* p < 0.05 vs. admission.
** p < 0.01 vs. admission.

*** p < 0.001 vs. admission.

Statistics

Statistical analysis was performed using Stat View Ver-
sion 5.0 software. Values are expressed as the mean ± SD.
Comparisons of data between the two groups were per-
formed using Pearson’s �2-test or Student’s unpaired t-test.
Within-group changes between admission and 4 weeks after
treatment were evaluated by paired t-test. Statistical sig-
nificance was accepted when the p-value was < 0.05.

Results

Clinical characteristics at admission

The clinical characteristics of patients at admission are
shown in Table 1. There were no significant differences
in age, gender, NYHA functional class, etiology of heart
failure, complications, or the use of medications between
the two groups at admission. We used three beta-blockers
such as carvedilol, atenolol, and metoprolol. The dosage
of atenolol and metoprolol were converted into that of
carvedilol, and there was no significant difference in dosage
of beta-blockers at admission between the two groups
(Waon therapy group: 4.5 ± 3.5 mg/day vs. control group:
3.4 ± 3.5 mg/day).

In addition, as shown in Table 2, there were no signif-
icant differences in body weight, systolic blood pressure,
diastolic blood pressure, mean heart rate, plasma BNP, and
noradrenaline levels, CTR, or echo-derived measures such
as CO, LVEF, LVEDV, LV-Tei index, and RV-Tei index between
the two groups at admission.
Clinical findings and physical examinations

The changes in the clinical findings and variables after 4
weeks are summarized in Table 2. Body weight and sys-
tolic blood pressure significantly decreased at 4 weeks after
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reatment compared with admission in both groups. Dias-
olic blood pressure significantly decreased in the control
roup after 4 weeks compared with admission, but did not
hange in the Waon therapy group. Mean heart rate signif-
cantly decreased in the Waon therapy group after 4 weeks
ompared with admission, but did not change in the con-
rol group. There were no significant differences in these
arameters between the two groups after 4 weeks.

hest radiography and echocardiography

hanges in chest radiography and echocardiography are also
hown in Table 2. Chest radiography showed a significant
ecrease of the CTR at 4 weeks after treatment compared
ith admission in both groups. In addition, echocardiogra-
hy demonstrated that CO, LVEF, LVEDV, and RV-Tei index
ignificantly improved after 4 weeks in the Waon therapy
roup, but LV-Tei index did not change after Waon therapy. In
he control group, only RV-Tei index significantly decreased
fter 4 weeks, but CO, LVEF, LVEDV, and LV-Tei index did not
hange after treatment. There were no significant differ-
nces in any of these indices between the two groups after
weeks.

lasma levels of BNP and noradrenaline

s shown in Table 2, the plasma levels of BNP significantly
ecreased 4 weeks after treatment compared with admis-
ion in both groups. There was no significant difference in
NP levels between the two groups after 4 weeks. In the
aon therapy group, plasma noradrenaline levels signifi-
antly decreased 4 weeks after Waon therapy. In the control
roup, plasma noradrenaline levels tended to decrease after
weeks, but did not reach statistical significance. There was
o significant difference in noradrenaline levels between the
wo groups after 4 weeks.
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Analysis of the autonomic nervous system

Changes in the indices of parasympathetic nervous activ-
ity such as HF, HF norm, and CVRR are shown in
Figs. 1—3. In the Waon therapy group, HF, HF norm, and

Figure 1 Changes in parasympathetic nervous function
demonstrated by HF after 4 weeks of treatment. HF, high-
frequency component.

Figure 2 Changes in parasympathetic nervous function
demonstrated by HF norm after 4 weeks of treatment. HF
norm = normalized HF = HF/(LF + HF); HF, high-frequency com-
ponent; LF, low-frequency component.

Figure 3 Changes in parasympathetic nervous function
demonstrated by CVRR after 4 weeks of treatment. CVRR, coef-
ficient of variation of RR intervals.

CVRR significantly increased 4 weeks after Waon ther-
apy (HF: 81 ± 78 to 164 ± 118 ms2, p = 0.004; HF norm:
0.47 ± 0.21 to 0.56 ± 0.16 nu, p = 0.019; CVRR: 1.29 ± 0.59
to 1.70 ± 0.67%, p = 0.011). In contrast, these parameters
remained unchanged in the control group (HF: 95 ± 95 to
98 ± 93 ms2, p = 0.86; HF norm: 0.48 ± 0.17 to 0.44 ± 0.12 nu,
p = 0.31; CVRR: 1.56 ± 0.80 to 1.49 ± 0.78%, p = 0.72). More-
over, the HF and HF norm after 4 weeks in the Waon therapy
group were significantly higher than those in the control
group (HF: p = 0.025; HF norm: p = 0.004).

Changes in the indices of sympathetic nervous activ-
ity such as the LF/HF ratio and LF norm are shown in
Figs. 4 and 5. In the Waon therapy group, the LF/HF
ratio and LF norm significantly decreased 4 weeks after
Waon therapy (LF/HF: 2.31 ± 2.03 to 1.20 ± 0.93, p = 0.001;
LF norm: 0.53 ± 0.21 to 0.44 ± 0.16 nu, p = 0.019). In con-
trast, these parameters remained unchanged in the control
group (LF/HF: 2.06 ± 1.90 to 1.85 ± 1.15, p = 0.56; LF norm:
0.52 ± 0.17 to 0.56 ± 0.12 nu, p = 0.31). Moreover, the LF/HF
ratio and LF norm after 4 weeks in the Waon therapy group
were significantly lower than those in the control group
(LF/HF ratio: p = 0.013, LF norm: p = 0.004).

Figure 4 Changes in sympathetic nervous function demon-
strated by the LF/HF ratio after 4 weeks of treatment. HF,
high-frequency component; LF, low-frequency component.

Figure 5 Changes in sympathetic nervous function demon-
strated by LF norm after 4 weeks of treatment. LF
norm = normalized LF = LF/(LF + HF); HF, high-frequency compo-
nent; LF, low-frequency component.
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Discussion

The major novel finding of the current study is that repeated
Waon therapy improved cardiac autonomic nervous activ-
ity in CHF patients. Several mechanisms may contribute to
the improvement of autonomic nervous activity by Waon
therapy. In acute heart failure, heart rate will rise through
arterial baroreflex-mediated vagal withdrawal and sym-
pathetic activation to maintain CO. In addition, there is
an inverse relationship between muscle sympathetic nerve
burst frequency and hemodynamic variables, such as LV
stroke-work index and stroke-volume index, and a direct
correlation with atrial, pulmonary artery, and LV filling pres-
sures [33]. Indeed, Waon therapy significantly improved
CO, LVEF, and LVEDV in this study. Moreover, we previously
reported that cardiac and stroke volume index increased
and systemic vascular resistance decreased significantly dur-
ing and after Waon therapy [10]. Furthermore, we also
reported significant decreases in mean pulmonary artery,
mean pulmonary capillary wedge, and mean right atrial
pressures during Waon therapy [10]. These reductions in
cardiac preload and afterload, and an increase in CO are
attributable to the improvement of autonomic nervous
activity.

Interestingly, mean heart rate significantly decreased
in only the Waon therapy group. As heart failure pro-
gresses inhibitory input from arterial and cardiopulmonary
receptors decreases and excitatory input increases. The
net response to this altered balance includes a general-
ized increase in sympathetic nerve traffic, and blunted
parasympathetic and sympathetic control of heart rate
[4].

It is widely recognized that nitric oxide (NO), which
largely accounts for the biological effects of endothelium-
derived relaxing factor, is an important regulator of vascular
function. The nitric oxide synthase (NOS) system plays salu-
tary roles in a variety of cardiovascular diseases in mice [34].
Young et al. [35] reported that pharmacological inhibition
of NOS causes sympathetic activation, and NO is involved in
the regulation of sympathetic nervous activity in humans. In
this regard, we previously demonstrated that Waon therapy
improves endothelial function [11,36] and increases mRNA
expression and protein levels of endothelial nitric oxide syn-
thase (eNOS) in the aorta of Syrian golden hamsters [37]
and TO-2 cardiomyopathic hamsters [38]. Thus, the improve-
ment in endothelial function and increased eNOS expression
by Waon therapy may lead to the normalization of autonomic
nervous activity.

Study limitations

Some limitations of this study should be considered when
interpreting the results. First, because the number of par-
ticipating patients was small, the statistical power of the
study to discern significant differences between the two

treatment groups was reduced. Second, diabetic patients
were included in both groups. Although diabetic neuropathy
causes autonomic nervous dysfunction [39], the percentage
of diabetic patients did not differ between the two groups
in the current study.

[
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onclusions

epeated Waon therapy improved cardiac function and nor-
alized cardiac autonomic nervous activity by increasing
arasympathetic and decreasing sympathetic nervous activ-
ty in CHF patients. Waon therapy is an innovative and
romising nonpharmacological treatment for CHF.

eferences

[1] La Rovere MT, Bigger Jr JT, Marcus FI, Mortara A, Schwartz
PJ. Baroreflex sensitivity and heart-rate variability in predic-
tion of total cardiac mortality after myocardial infarction.
ATRAMI (autonomic tone and reflexes after myocardial infarc-
tion) investigators. Lancet 1998;351:478—84.

[2] Podrid PJ, Fuchs T, Candinas R. Role of the sympathetic nervous
system in the genesis of ventricular arrhythmia. Circulation
1990;82:I103—13.

[3] Kaye DM, Lefkovits J, Jennings GL, Bergin P, Broughton A, Esler
MD. Adverse consequences of high sympathetic nervous activity
in the failing human heart. J Am Coll Cardiol 1995;26:1257—63.

[4] Floras JS. Clinical aspects of sympathetic activation and
parasympathetic withdrawal in heart failure. J Am Coll Cardiol
1993;22:72A—84A.

[5] Anand IS, Fisher LD, Chiang YT, Latini R, Masson S, Maggioni
AP, Glazer RD, Tognoni G, Cohn JN. Val-HeFT Investigators.
Changes in brain natriuretic peptide and norepinephrine over
time and mortality and morbidity in the Valsartan Heart Failure
Trial (Val-HeFT). Circulation 2003;107:1278—83.

[6] Tsutamoto T, Tanaka T, Sakai H, Nishiyama K, Fujii M, Yamamoto
T, Nakae I, Ohnishi M, Wada A, Horie M. Beneficial effect of
perindopril on cardiac sympathetic nerve activity and brain
natriuretic peptide in patients with chronic heart failure: com-
parison with enalapril. Circ J 2008;72:740—6.

[7] Task Force of the European Society of Cardiology and the North
American Society of Pacing and Electrophysiology. Heart rate
variability: standards of measurement, physiological interpre-
tation and clinical use. Circulation 1996;93:1043—65.

[8] Saul JP, Arai Y, Berger RD, Lilly LS, Colucci WS, Cohen RJ.
Assessment of autonomic regulation in chronic congestive
heart failure by heart rate spectral analysis. Am J Cardiol
1988;61:1292—9.

[9] Ishise H, Asanoi H, Ishizaka S, Joho S, Kameyama T, Umeno
K, Inoue H. Time course of sympathovagal imbalance and left
ventricular dysfunction in conscious dogs with heart failure. J
Appl Physiol 1998;84:1234—41.

10] Tei C, Horikiri Y, Park JC, Jeong JW, Chang KS, Toyama Y, Tanaka
N. Acute hemodynamic improvement by thermal vasodilation
in congestive heart failure. Circulation 1995;91:2582—90.

11] Kihara T, Biro S, Imamura M, Yoshifuku S, Takasaki K, Ikeda Y,
Otuji Y, Minagoe S, Toyama Y, Tei C. Repeated sauna treatment
improves vascular endothelial and cardiac function in patients
with chronic heart failure. J Am Coll Cardiol 2002;39:754—9.

12] Tei C, Tanaka N. Thermal vasodilation as a treatment of conges-
tive heart failure: a novel approach. J Cardiol 1996;27:29—30.

13] Miyata M, Kihara T, Kubozono T, Ikeda Y, Shinsato T, Izumi T,
Matsuzaki M, Yamaguchi T, Kasanuki H, Daida H, Nagayama M,
Nishigami K, Hirata K, Kihara K, Tei C. Beneficial effects of
Waon therapy on patients with chronic heart failure: Results of
a prospective multicenter study. J Cardiol 2008;52:79—85.
14] Basford JR, Oh JK, Allison TG, Sheffield CG, Manahan BG,
Hodge DO, Tajik AJ, Rodeheffer RJ, Tei C. Safety, accep-
tance, and physiologic effects of sauna bathing in people with
chronic heart failure: a pilot report. Arch Phys Med Rehabil
2009;90:173—7.



1

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

06

15] Kihara T, Biro S, Ikeda Y, Fukudome T, Shinsato T, Masuda A,
Miyata M, Hamasaki S, Otsuji Y, Minagoe S, Akiba S, Tei C.
Effects of repeated sauna treatment on ventricular arrhythmias
in patients with chronic heart failure. Circ J 2004;68:1146—51.

16] Kihara T, Miyata M, Fukudome T, Ikeda Y, Shinsato T, Kubozono
T, Fujita S, Kuwahata S, Hamasaki S, Torii H, Lee S, Toda H,
Tei C. Waon therapy improves the prognosis of patients with
chronic heart failure. J Cardiol 2009;53:214—8.

17] Ikeda Y, Biro S, Kamogawa Y, Yoshifuku S, Kihara T, Minagoe
S, Tei C. Effect of repeated sauna therapy on survival in TO-
2 cardiomyopathic hamsters with heart failure. Am J Cardiol
2002;90:343—5.

18] Tei C. Waon therapy: soothing warmth therapy. J Cardiol
2007;49:301—4.

19] Tei C, Shinsato T, Miyata M, Kihara T, Hamasaki S. Waon ther-
apy improves peripheral arterial disease. J Am Coll Cardiol
2007;50:2169—71.

20] Miyata M, Tei C. Waon therapy for cardiovascular disease: inno-
vative therapy for the 21st century. Circ J 2010;74:617—21.

21] Tei C, Ling LH, Hodge DO, Bailey KR, Oh JK, Rodeheffer RJ, Tajik
AJ, Seward JB. New index of combined systolic and diastolic
myocardial performance: a simple and reproducible measure
of cardiac function: a study in normals and dilated cardiomy-
opathy. J Cardiol 1995;26:357—66.

22] Tei C. New non-invasive index for combined systolic and dias-
tolic ventricular function. J Cardiol 1995;26:135—6.

23] Tei C, Dujardin KS, Hodge DO, Kyle RA, Tajik AJ, Seward JB.
Doppler index combining systolic and diastolic myocardial per-
formance: clinical value in cardiac amyloidosis. J Am Coll
Cardiol 1996;28:658—64.

24] Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E,
Pellikka PA, Picard MH, Roman MJ, Seward J, Shanewise JS,
Solomon SD, Spencer KT, Sutton MS, Stewart WJ, Chamber
Quantification Writing Group, et al. Recommendations for
chamber quantification: a report from the American Society of
Echocardiography’s Guidelines and Standards Committee and
the Chamber Quantification Writing Group, developed in con-
junction with the European Association of Echocardiography,
a branch of the European Society of Cardiology. J Am Soc
Echocardiogr 2005;18:1440—63.

25] Kon H, Nagano M, Tanaka F, Satoh K, Segawa T, Nakamura M.
Association of decreased variation of R—R interval and elevated
serum C-reactive protein level in a general population in Japan.
Int Heart J 2006;47:867—76.

26] Hayano J, Sakakibara Y, Yamada A, Yamada M, Mukai S, Fuji-
nami T, Yokoyama K, Watanabe Y, Takata K. Accuracy of
assessment of cardiac vagal tone by heart rate variability in

normal subjects. Am J Cardiol 1991;67:199—204.

27] Sawada Y, Ohtomo N, Tanaka Y, Tanaka G, Yamakoshi K, Ter-
achi S, Shimamoto K, Nakagawa M, Satoh S, Kuroda S, Iimura
O. New technique for time series analysis combining the maxi-
mum entropy method and non-linear least squares method: its

[

S. Kuwahata et al.

value in heart rate variability analysis. Med Biol Eng Comput
1997;35:318—22.

28] Ohtomo N, Terachi S, Tanaka Y, Tokiwano K, Kaneko N.
New method of time series analysis and its application
to Wolf’s sunspot number data. Jpn J Appl Phys 1994;33:
2821—31.

29] Takusagawa M, Komori S, Umetani K, Ishihara T, Sawanobori T,
Kohno I, Sano S, Yin D, Ijiri H, Tamura K. Alterations of auto-
nomic nervous activity in recurrence of variant angina. Heart
1999;82:75—81.

30] Pomeranz B, Macaulay RJ, Caudill MA, Kutz I, Adam D, Gor-
don D, Kilborn KM, Barger AC, Shannon DC, Cohen RJ, Benson
H. Assessment of autonomic function in humans by heart rate
spectral analysis. Am J Physiol 1985;248:H151—3.

31] Binkley PF, Nunziata E, Haas GJ, Nelson SD, Cody RJ. Parasym-
pathetic withdrawal is an integral component of autonomic
imbalance in congestive heart failure: demonstration in human
subjects and verification in a paced canine model of ventricular
failure. J Am Coll Cardiol 1991;18:464—72.

32] Martín Cancho MF, Carrasco-Jiménez MS, Lima JR, Luis
L, Crisóstomo V, Usón-Gargallo J. The measurement of
neurovegetative activity during anesthesia and surgery in
swine: an evaluation of different techniques. Anesth Analg
2006;102:1333—40.

33] Floras JS. Alterations in the sympathetic and parasympathetic
nervous system in heart failure. In: Mann DL, editor. Heart fail-
ure. A companion to Braunwald’s Heart Disease. Philadelphia:
Saunders; 2004. p. 247—77.

34] Tsutsui M, Shimokawa H, Otsuji Y, Ueta Y, Sasaguri Y, Yanagihara
N. Nitric oxide synthases and cardiovascular diseases: insights
from genetically modified mice. Circ J 2009;73:986—93.

35] Young CN, Fisher JP, Gallagher KM, Whaley-Connell A, Chaud-
hary K, Victor RG, Thomas GD, Fadel PJ. Inhibition of nitric
oxide synthase evokes central sympatho-excitation in healthy
humans. J Physiol 2009;587:4977—86.

36] Imamura M, Biro S, Kihara T, Yoshifuku S, Takasaki K, Otsuji Y,
Minagoe S, Toyama Y, Tei C. Repeated thermal therapy improves
impaired vascular endothelial function in patients with coro-
nary risk factors. J Am Coll Cardiol 2001;38:1083—8.

37] Ikeda Y, Biro S, Kamogawa Y, Yoshifuku S, Eto H, Orihara K,
Kihara T, Tei C. Repeated thermal therapy upregulates arterial
endothelial nitric oxide synthase expression in Syrian golden
hamsters. Jpn Circ J 2001;65:434—8.

38] Ikeda Y, Biro S, Kamogawa Y, Yoshifuku S, Eto H, Orihara K,
Yu B, Kihara T, Miyata M, Hamasaki S, Otsuji Y, Minagoe S,
Tei C. Repeated sauna therapy increases arterial endothelial
nitric oxide synthase expression and nitric oxide production in

cardiomyopathic hamsters. Circ J 2005;69:722—9.

39] Singh JP, Larson MG, O’Donnell CJ, Wilson PF, Tsuji H, Lloyd-
Jones DM, Levy D. Association of hyperglycemia with reduced
heart rate variability (The Framingham Heart Study). Am J
Cardiol 2000;86:309—12.


	Improvement of autonomic nervous activity by Waon therapy in patients with chronic heart failure
	Introduction
	Methods
	Study population
	Study protocol
	Waon therapy
	Physical examination and cardiac function
	Laboratory examinations
	Measurement and evaluation of the autonomic nervous system
	Statistics

	Results
	Clinical characteristics at admission
	Clinical findings and physical examinations
	Chest radiography and echocardiography
	Plasma levels of BNP and noradrenaline
	Analysis of the autonomic nervous system

	Discussion
	Study limitations

	Conclusions
	References


