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Effects of Repeated Sauna Treatment on Ventricular
Arrhythmias in Patients With Chronic Heart Failure

Takashi Kihara. MD; Sadatoshi Biro, MD; Yoshiyuki Ikeda, MD;TsuyoshiFukudome, MD;
Takuro Shinsato. MD; Akinori Masuda. MD;Masaaki Miyata, MD; Shuichi Hamasaki, MD;

Yutaka Otsuji, MD; Shinichi Minagoe, MD: Suminori Akiba, MD'k; Chuwa Tei, MD

Background The aim of the present stLrdy was to determine whether repeated 60'C sauna treatment improvcs
cardiac arrhythmias in chronic heart failure (CHF) patients, because ventricular anhythmias are an important
theraper-rtic target in CHF
Methods and Results Thirty patients (59+3 years) with New York Heart Association functional class II or III
CHF and at least 200 premature ventricular contractions (PVCs)/24h assessed by 24-h Holter recordings were
studied, They wele randomized into sanna-treated (n=20) or non-treated (n=10) groups The sauna-treated group
underwent a 2-week program of a daily 60"C far infrared-ray dry sauna for l5 min, followed by 30min bed rest
with blankets, for 5 days per week. Patients in the non-treated group had bed rest in a temperatllre-controlled
room (24'C) for 45min, The total numbers of PVCs/24h in the sanna-treated group decreased compared with
the non-treated group [848t415 vs 3,097t1,033/24h. p<0 0l], Hearl rate variability (SDNN, standard deviation
of normal-to-normal beat interval) increased |42+10 (n=16) vs 1l2t1l rns (n=8), p<0.051 and plasrra brain
natriLrretic peptide concentrations decreased 1229t54 vs 419+ll0pg/m), p<0051 in the sauna-treated groLlp

compared with the non-treated group.
Concfusion Repeated sallna treatrnent improves ventricular anhythmias in patients with CHF (.Circ .l 2004;
68:1146-ll5l)
Key Words: Heart failure: Heafi rate variabi)rty; Premature ventricular contractions; Sauna

atients wrth chronic heart failure (CHF) have a high
preva)ence of potentially serious arrhythmias and
consecluently, a hrgh incidence of sLrdden cardiac

deathl a The presence of ventrjcLrlar arrhythmias detrnes a

higher-risk patient grorlp with either ischemic or non-
ischemic cardiomyopathy)-e Antiarhythmic medications,
snch as class I drLrgs, have been tested in rnyocardial infarc-
tion sr,rrvivors with deoressed ventricular function and in
atrial fibrillation patienis with a history of congestive hearl
failr-ue, and nost were foirnd not to be helpfLrl and may
even increase the occulrence of arrhythrnias and cardiac
lnortalityl0 l2 Some studies have shown that amiodarone
improves ventricular arrhythrnias and sLrdden cardiac death
Inofiality in patients with CHF, yet the inrprovement in
tota) mortality rernains controversiallr l5 Plevior-r. studies
have dernonstrated that vasodilators, snch as angiotensin-
converting enzyme inhibitors and angiotensrn receptor
blockers, improve the prognosis and ventricular anhyth-
mias in patients with CHFI6 l8 therefore arrhythmra ts an

imporlant target tbr therapy in patients with CHF
We have Lrsed thermal therapy with a 60"C dry sauna tn

patients with CHF, and tbund that it improvcs hentodynam-
ic parameters, endothelial function. and clinical symptoms
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in many patientsl9 2l Furlhermore. we have demonstrated
that repeated saLlna treatment irnploves the prognosis in
halnsters with CHF?2 It is well recognized that alterations in
the neLu'al control of the hear-t, characterized by decreased
vagal activity and relative sympathetic predominance. play
a key role in the occurence of cardiac arhythmias in pa-
tients with CHFIr Several stLrdies have shown that reduced
heafi rate variability (HRV), determined from 24-h ambu-
latory electrocardiographic (ECG) recordings, is associated
with a greater risk for ventricnlar fibrillation and poor prog-
nosis in patients with CHF?a 27 Therefore, we prospectlve-
ly investigated the effects of thermal therapy on cardiac
arrhythmias ancl HRV in patients with CHF

Methods
Studtt PopuLtttion

We stLrdied 30 patients wjth CHF, aged 28-80 years
(mean age: 59+3 years): 24 patients ( l6 nren, 8 women) had
idiopathic dilated cardiomyopathy and 6 (5 men, I woman)
had ischemic cardiomyopathy Liclusion criteria inch-rded
the prescnce of symptomatic CHF, leti ventricLrlar ejectron
fraction (LVEF) <507c by echocardiography, New York
Heart Association (NYHA) functional class II-[I. and
>200 prernature ventriculal contractions (PVCs) per day on
24-h Holtel monitoring. Seven patrents were in NYHA
fLrnctional class II. and the other 23 were in class III They
were randomized into a saLrna-treated group (n=20) or a

non-treated groLrp (n= l0) The mean nuntber of PVCs/24h
was 3,123t8 l9; the mean cardiothoracic ratio (CTR) on
chest radiography was 58 5tl 07o (range: 49-157c). and
the nrean LVEF on echocardiography was 29+2Vo (range:
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Table I Baseline Clinical Characteristics 0f thc 2 Grouns

Stut trd - t red cd q roup 1 n=20 1 N ott- | rct rcd,qroup ( n = | 0 I p v,al.ue

Asc
t4/f
DCNI /ICM
Atrial librilltLrtott ( n)
NYHA ( t/il/ilt )

Bot\ weighr (kg)
Hea rI rute ( be0ts/m itr)
SBP (mnHg)
DBP (unHg)
Drug rhcrap: (70)

D tgo.rur
ACE uthibitors

'-hbckers
Diure tic s

A nt i a r rht t h n t c d ru.g s ( 6/c 
)

tr4 exiiettne

59t3
| 1/6
t6/1

)
0/5/t5

57+3

7 3+3
I 07+1

65+l

59+4

7 /.1

8/2
2

0/2/8
-t.i+J
73+4

I A8+5

67!l

NS

NS

N.S

N,S

NS
NS

NS
NS

NS

65
95

55
95
t0

60
90

10

t00
3A

N.S

N.S

N.t
NS

NS

N.S

DCM, i.tlioputhic dilated curdiotnto1tcttht, ICM, ischemic ctLrdiontt'opulhl,: NYHA, New York Heart Associutiott, SBP :tstolir
hlood prcssurt, DBP, dittstolic hlood pretsure, ACE angiorensin-(onrcrtiLtg tnzl,me: NS, not siqnLficctnt
All yalue; ure Qiyen us the ntanl:SE

10-48Ei) All patients were receiving maintenancc doses of
medications for hearl failure and arrhythrnias, including
angiotensin-converting euzyme inhibitors. diuletics.' .
blockers, digitalis and antiaffhythmic dr-ugs (mexiletine),
and they were in a stable clinical condition for I month be-

fore entering the study They also did not have symptomatrc
arrhythmjas Their nredications were Lulchanged for at least
I month before or duling this study Written intbrnied con-
sent was obtained tiom all patients prior to participarion.
and the protocol was approved by the Ethics Committee of
the FacLrlty of Medicine, Kagoshirna Univcrsity

Sauna Treatntent
Thermal therapy with a far infrared-ray 60'C dry sauna

was perforrned as previoLrsly reportedJe Patients remaiued
supine or1 a bed during the sanna for 15rnin, followed by
30min of bed rest with a blanket to keep thenr warm. Pa-
tients were weighed befbre and after the saLrna treatrnent,
OraJ hydration with water was Llsed to compensate for lost
weight. Patients in the non-treated grolrp remained supine
on a bed rn a temperatnre-controlled roorn (24"C) for
'15 min.

As,- e.s.y me nt ol C L in i c al Sym pt om \
Clinical symptoms, sr-rch as dyspnea, farigr-re. sleepless-

ness, edema. appetite-loss and constipation, were evalLlated
by a self-assessment qLrality of life (QOL) qlrestionnairel0
Each rtem had 4 grades: remarkably improved, improved,
no change, or worsened Patients were classified into 3

grollps based on the results of the questionnaire, Patients
who answered 'improved' to more than 3 items were
defined as the improved group, those who answered 'wors-
ened' for at least I itcm were defined as the worsened
groLlp, and the others were defined as the Llnchanged group.

LcL bo rato rv Examinat i o n
A fasting blood sarrple was obtained in the morning to

measure plasnra concentrations of nellrohormonal factors,
inclucling catecholiimines, atrial natriLrretic peptide (ANP),
and brain natriLrretic peptide (BNP) Plasma catecholamirle
(norepinephrine, epi nephrine, and dopamine) concentrations
were measLrred with high-performance liquid chornato-
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graphy, and both plasma ANP and BNP concentrations were
rneasLrred by radioirnmLrnoassay. Chest radiography (CTR)
and echocardiography (LVEDD. left ventricular end dias-
tolic dirnension: LAD, lett atrial dimension; LVEF) also
wefe Defformed

AntbuLatory ECG Reco rcling
AnrbLrlatory ECG monitoring was by 2-lead 24-h Holter

monitoring (DMC-4502, Nihon Koden, Tokyo, Japan). The
Holter tape recordings were analyzed on a full disclosure
Lrnit that printed olrt each individual QRS complex for
subseqLlent visual examination. Complete determination of
PVC frequency with a description and quantification of
complex fbrms (mLrltiform PVCs, coLlplets. and ventricLllar
tachycardia) was undeftaken by manual analysis of the full
disclosLrre data For the purpose oi this stLrdy, PVCs were
defined as any beat of ventricnlar origin faster than the sinLrs

rate, inclLrding the premature beats in couplets and ventricLl-
lar tachycardia. Ventricular tachycardia was defined as >3

consecutive prenrature beats at a rate of >l00beats/min.
There was an excellent conelation between the 2 observers
with respect to determining the total nurrber of PVCs
(r=0 99), zrnd the number ol episodes oi ventricr-rlar tachy-
cardia (r=0 99). The technician and physician were
unaware of tbe clinical infonnation associated with the
recording, Reproducibilities of the results of 24-h Holter
rronitoring perfbrmed twice were assessed in l3 prtients
with CHF: total beats, r=0 99. p<0.0001; PVCs, r=0 91.
p<0 0001; couplets, r=0 95, p<0 0001; ventricular tachy-
crrdir. r=0.95. p<0 000 I

Analy,ti.v oJ HRV
Tirne-dornain parameters of HRV were analyzed on a

MARS8000 anaJysis system (GE Medical Systems
Infonnation Technologies, MilwaLrkee, WI, USA) fiom
2-lead 24-h Holter recordings All tapes were manually
edited for exclusion of artifacts and prematllre beats A
mrnirnum of l8h of analyzabJe data and a minimurn of
854/o sLlccessive RR intervals were required for a tape to be
acceoted as valid, The time interval between 2 consecutive

QRS cornpleres was calcLrlated as the normal-to-normal
(NN) interval. Abnorrnal QRS complexes and RR intervals
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Table 2 Frequency of Ventricular Arrhythmias and Hcart

KIHAI{A T ct al

Rute Variability at Baseline and After 2 Weeks in the 2 Groups

Sauna-teated grcuTt Non-treqtcd graup

BaseIitte Alter 2 tctks BaseLint After 2 vteeks

Canparison with both groups

At baseline Aftar 2 weeks

PVCs/24 h (bears/24 h)
Coup I et t ( e p i.rode s/21 h )

VT (epirodes/24 h1

14eun RR int(rvtLl (trlt)
SDNN frr.rl

3,161+1.104 848+415't+
7l+33 l5!l I'k+
20t9 4!J4*

807+28 83 t+12
I l3+8 112+10+*

3,018+9t1 3,097+t,033
69!45 87+16
2lilS 21+20

8i8+6J E72!46
I I t+to I t2+t l

N.t
N.S

NS

NS

N.t

<0 000 l
<0 005
<a 00t

N.S

<0 005

PVCl'preniurellen|ritu|ttr(0n|r0ctiol1S'VT,ven|rittt|rlr|ac|l'curdiu'SDNN'sttndard
Allvalue-r tLre given tts the meun!SE +'tp<0 0l ts b(Lseltne

Table 3 Various Parameters at Baselinc and After 2 Weeks in thc 2 Grouns

SuLtno-lr(dl(d.qroup Non-tr(0le.l ,qroul) CLtmfon.\tttl vith both qrotrlts

Bus,linL Afirr-'rlre{r Bttstline t\fter 2 weekt At buseline Alier 2 vveeks

NYHA (t/il/ilt)
Bodlvteight (k3t

SBP (rnnHg)
DBP (ntnHg)
CTR (7a)

LVEDD (nn)
LAD (mtn)

LVEF (Vc)

NE (pg/nl1

EP (pg/mL)

DOPA (pg/nl)
ANP (p,q/ntl)

BNP (p,q/ntl)

0/5/t 5
i/+.1

| 07+1

65+l
59+ l
64+2

16+2
29+2

13 tt56
2i l+1 |
t.l 7+l I
t2 t+23
425+ I 02

0/2/8
,t4+-i

la8+,1
67+2

-t8+/
64+-l
16+2

-l /+J
155+81

28 3+6 0
t4 2+-l 2

| 30+37

119+ll0

<0 005
<0 05

N.t
NS

<0 05
NS
NS
N.S

NS

NS
NS

NS
<0 0I

0/ | 5/i\'+ 0/2/8
.t6+-i .i-i+J

I A0+3 / 08+-t
62+2 67+.1

i6x2t t -t8t /
61!2+ 64+3
41+2 17+2

-13+2* 29+.1

115+76 4t4+12
25 0+.1 1 24 9+1 l
ll7+l.a t12+1 2

8l+lg*,t 126+32
229+t4'r'" 4l5+9E

N5
N.t
NS
NS

NS
N.S

A/.S

A/.t

NS

A/S

NS

N5
NS

N/HA, Ncrl fork Hcctrt Assotiution, SBP rt'sto/lc bhtod presture, DBP, diastolic blootl prtssure, CTR, tctrdiothoracic ratiu,
LVEDD, lelt vettricular end diartolic tlinensiott. UD, le.ft utritI ditnansiort, LVEF, lelt ventricukrr e jectLon fraction: NE, tutrepi-
nephrine; EP, epinephri.ne; DOPA, cLopanine; ANP. atrtal nutriuretit peptide: BNP, hrtin nttriuretic peptide; NS, not signilicant
All valuer arc ,qivett os tha tnetn!58, 't'p<0 05 rs btseLine, +'kpca 0 | vs baseline

were replaced by a linear interpolation algorithrr The stan-
dard deviation (SD) of all norrnal beat intervals and the
mean length of the NN intervals (SDNN) were Llsed for
time-domain mcasLrres fronr the entjre recording period.
We analyzed 24 patients; 6 patients with atrial fibrillation
were excluded,

Stud)'ProtocoL
Sauna treatment was performed daily for 5 days each

week, for a total of 2 weeks. All examinations were per-
fbrmed before the flrst treatrnent and on the day atter the
last treatment.

Statistical Anahtsi.s
All data are expressed as the mean+SEM. Differences

jn baseline characteristics were evalLlated by the chi-square
test and unpaired rtest Within-group changes between
baseline and after 2 weeks were evalllated by paired t-test
or Wilcoxon signed rank test fbr variables that were not
nonnally distributed Between-group compilrisons were
evaluated by Mann-Whitney's U test Lrsing differences
between baseline and after 2 weeks A valLre of p<0 05 was
considered statistically signifi cant

Results
Baseline CIiniccLl Characteri.stic.t und As.\essment ol
ClinicaL Symptoms

Baseline clinical characteristics rre sLrmrnarized in
Table l, There were no differences in age, gender, NYHA
functional class, mean henrt rate, blood pressure or Lrse of
drugs, such as digoxin, angiotensin-converting enzyme

i n hibi tor,. -blockers, dir-rreti cs, n i trates, and antiarrhythmic
drllgs, at baseline between the 2 gr-oups. All patients
cnrolled cornpleted the stLrdy, In the sauna-treated group,
no patient experienced dyspnea. angina pectoris or palpita-
tions Clinical symptoms related to dyspnea, fatigue,
cdema, appetite-loss, constipation and insomnia were
improved in l7 of 20 patients and unchanged in 3 patients
after the 2-week saLlna treatment However. no Datlents had
worsening of clinical symptoms. In the non-treated group,
clinical symptorxs did not change after 2 weeks.

C a r d i ac A r r ht, t h.m.ia s

At baseline, the total nllmber of PVCs. couDlets and
episodes of ventricular tachycardia per day weie similar
between the 2 groups (Table2) In the sauna-treated group.
thc total nLrnber of PVCs decreascd in all patients 2 weeks
after treatment. The total nLunber of PVCs in the sauna-
treated group was significantly, f,sslsnsscl compared with
the non-treated gr:oLrp after 2 weeks (p<0.01, Table2) The
total number of collplets and episodes of ventricular tachy-
cardia per day also decreased significantly in the sauna-
treated groLlp compared wrth the non-treated group
(Table2) The prevalence of couplets and ventricular
tachycardia in the saLrna-treated group compared with the
non-treated groLlp was 457c vs 907o, p<0 05. and 20Va vs

80o/a, p<0 01, respectively The total nurnber of PACs did
not significantly change between the 2 groLrps afier 2 weeks
(170t102 vs 617+375, p=0 07)

HRV
There was no difference in SDNN at the baseline

between the 2 groups, but atter 2 weeks, SDNN was sig-
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nificantly greater in the saLrna-treated groLlp compared with
the non-treated groLrp (Table 2)

N e uro - H o rmonal F ac to r s

At baseline, there were no ditTerences in the plasrra con-
centrations of ANP. BNP. or catecholamine between the 2
groups After 2 weeks, there were no differences in the
plasrna concentrations of ANP or catecholamine between
the 2 groups, but the plasma concentration of BNP in the
sauna-treated group was significantly lower than in the non-
treated group (229t54pglml vs zll9+l l0pginrl, p<0 05;
Table 3 )

NYH A F unc tional Cl as s, C he.s t Rad io g rap h,-, Ec h oc cLrd i o -

graphy and Laborotorl Parameters
At baseline, there were no differences in NYHA tunc-

tional class, CTR or LVEDD between the 2 groups, bLrt
after 2 weeks, there was a significant djfference in NYHA
functional class, body weight, and CTR in the sauna-treated
group; LVEDD did not change between the 2 groLtps
Laboratory parameters, including liver fLrnction tests
(aspartate aminotransferase, alanlne aminotranst'erase,
lactate dehydrogenase, .,glLrtarnyl transpeptidase etc).
creatinine, electrolytes (Na, Cl, K) and hematocrit, did not
changc after 2 weeks in eithel groLrp (data not shown).

Discussion
In the present stLrdy, we tbLrnd that repeated 60uC sar-rna

treatrrent irnproved ventricular arrhythnrias. Furthermole.
rve observed that thermal therapy increased HRV and
reduced the plasma concentration of BNP in patients with
CHF

The incidence of ventricr-rlar arrhythmias is extremely
high in patients with CHF: approximately 80o/c or more of
CHF patients have freqr-rent ventriclllar premature beats
and approximately 507c of them have runs of nonsustained
ventricnlar tachycardial.2s-10 $udflsn death becaLrse of
ventricular arrhythlxias accolurts for approxinrately half of
all deaths in patients with CHFi.lr 13 Several studies have
shown an association between vcntricular arhythmias and
rnortality in patients with CHF-l-e ra-r6 fs1 unforrLrnrtely,
cLrrrent antiarrhythmic medications, such as class I drugs,
have only limited efficacy in these patients and rnay even
be associated with worse ning ectopic tctrvity and hemo-
dynamic deter:iorationl0 2 In large landonrized trials with
amiodarone, a potent antiarrhythmic dru-q rvith additional
sympatholytic and minor negati\/e inotropic effects, the
Group fbr the StLrdy of Survrval in Heart Failule in
Argentina (GESICA) denlonstlated that low doses redLrced
ventricnlar arrhythrnias and rrortality in patients with
CHF;t: however, the Survival Trial of Antiarrhythmic
Therapy in Congestive Heart FailLrre had conflrcting resr.rlts

concerning mortalityl4 Previous studies have demonstrated
that. -blockers. which also have antiarrhythmic effects,
reduce mortality and thc risk of sr,rdden cardjac death, as

well as ventricular arrhythmias, in patients with CHFrr and
other stLrdies have shown that ventricular arrhythmias in
patients with CHF are improved by treatrnent with non-
antianhythmic dnrgs, such as angiotensin-converting en-
zyme inhibiteysl6 l8 and spironolactonel8 Or.rr present
results demonstrated that thermal theraDV redr,rced the total
number of PVCs, couplets, rnd episodes of ventricular
tachycardia in patients with CHF and we have already
shown that thermal theraDv redr.rccd rnortalitv in harrsters
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with CHF?2 We suggest that improvement of ventricular
arrhythmias may be one of the mechanisms by which re-
peated therma) therapy rrnproves the prognosis in patients
with CHF

AlthoLrgh the nrechanisms of ventricLrlar arrhythmias
occuring in patients with CHF are still unclear, experimen-
tal evrdence sLrggests that the development of delayed and
early afterdepolarization-induced triggered activity and
automaticity, in addition to conditions favoring reentry, are
related to anhythmias in the setting of heart t'ailure, Modu-
lating factors, such as sympathetic activation, electrolyte
disturbances and chronic left ventricular stretch. are also
present in the setting of heart failure3e,4o It is well-estab-
lished that the sympathetic nervous system is activated in
patients \\/ith CHFIl-11 and analysis of HRV provides inr-
portant intbrmation abollt sympathetic nervous acrivity in
these patients2-5'44 )n1n frorn the recent Unjted Kingdom-
Heart failtrre Evaluation and Assessment of Risk Trial
(UK-HEART) sr-rggest that redlrced HRV, analyzed by a

traditional time-dornain method (including SDNN), is
related to the risk of ventricnlal anhythnrias and sLrdden
death in patients with CHF?4 and we suggest that one of the
rrechanisms by which repeated saltna treatment significant-
ly improves ventricular arrhythmias is by increasing HRV.
althoLrgh we have not clarified the underlying mechanisms
of that effect of thermal therapy On the other hand, the
self-assessment QOL questionnaire revealed l7 of 20 pa-
tients who answered 'rrnproved' to more than 3 of 6 clinical
symptoms that cornpnsed dyspnea, fatigr-re, sleeplessness,
edema, appetite-loss and constipation, and furthermore,
none of the patient irnswered 'worsened' for any symptom.
Therefore, the improverneut may be related to better mood
as a resr-rlt of rcpeated sauna treatment FLrrther study is
needed

The chronic stretch of cardiac tnyocytes contributes to
shoftening of the actron potential dLrration and mild de-
creases in the action potentral amplitLrde and resting mern-
brane potential15 These changes rnay be anhythmogenic by
incr-casing reentry and abnormal aLltotnaticityl6 In patients
with CHF. thc ventricular wall is chronically stretched
because of increases in ventricLllar volume and/or Dressllre
overloacl. It is well-established that BNP is secreied pre-
dominantly by the ventricle in response to ventricular wall
stretchll? On the basis of our findings, itrcluding previous
data?0 which showed significantly decreased plasma con-
centrations of BNP after 2 weeks of sanna treatlnent, we
speculate that another mechanism responsible fbr decreased
ventricnlar arrhythnrias may be redr-rction of ventricr-rlar
wall stretch

EJectrolyte distLrrbances. such as hypokalemia and hypo-
magnesemia, are prevalent in patients treated with diuretics
and are implicated as a caLrse of ventricular anhythmias
associated with CHF. However, we did not observe signifi-
cant changes in the electrolyte concentrations after 2 weeks
(data not shown)

We have treated rnany CHF patients with sauna therapy
and so far none of the in-hospital patients has shown any
deterioratiori in their condition. However, thermal therapy
docs not appear to be indicated for CHF patients with aortic
stenosis or obstructive hypertrophic cardiomyopathy be-
car.rse the pressLrre gradient is increased. ln the present
study, only CHF patients with NYHA tr-rnctional class II or
Ill r-rnderwent saLlna treatment, It is well-known that the
more scvere the CHF, the more prevalent are ventricLllar
arrhythnrias We evalLrated the effects of sauna therapy on
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ventricLllar arhythmias at 2 weeks, but firrther studies of
the long-term effects and benefit in CHF patients with
NYHA functional class IV are needed

ln conclusion, repeated 60"C salrna treatment decreased
ventricular anhythmias in CHF patients with NYHA fr.rnc-
tional class II or III
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