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Despite major advances in phar-
macologic, medical devices, and 

surgical treatment of heart failure, 
mortality and morbidity remain signifi-
cantly high. The search for effective 
and safe modalities continues. One 
approach that has attracted atten-
tion is thermal or heat therapy, which 
utilizes relatively small increases in 
core body temperature intermittently 
for therapeutic purposes.1,2 This form 
of hyperthermia can be achieved by 
the exposure of all or part of the 
patient’s body to higher-temperature 
environments for a short period of 
time or by other means to raise the 
core body temperature by approxi-
mately 1°C. This approach resembles 
the use of traditional Finnish sau-
nas baths, which have been practiced 
for thousands of years,3 and other 
traditional approaches such as use 
of Turkish baths and Japanese hot 
springs. During the last decade, sever-
al controlled clinical studies have been 
conducted using heat as a therapeutic 
modality for cardiovascular diseases 
such as hypertension, coronary artery 
disease (CAD), and congestive heart 
failure.4 The findings in these clinical 
studies are congruent with epidemio-
logic statistics showing that morbidity 
and mortality from cardiovascular eti-
ologies are lower in hot environmental 
temperatures in various geographic 
regions.5–8

Thermal Therapy
The use of thermal exposure causing 
periodic increases to the core body 
temperature and inducing therapeutic 
effect will be referred as thermal ther-
apy throughout this text. A variety of 

thermal therapy methods, including 
traditional sauna, have been studied 
in patients with heart failure.

Warm Water Immersion/Hydrotherapy 
Method. One such method consists of 
warm water immersion of the patient’s 
body in a semirecumbent position at a 
water temperature of 41°C.9 Another 
water-based method was reported 
by a German research group that 
investigated home-based hydrother-
apy in patients with New York Heart 
Association (NYHA) class II or III 

heart failure.10 In this form of hydro-
therapy, patients receive warm periph-
eral baths to a maximum of 40°C 
followed by the application of cold 
baths with a temperature of <18°C; 
this process is repeated 3 times a day 
for 6 weeks. These studies resulted 
in clinically measurable improvements 
in heart failure and excellent patient 
compliance.10 However, the main dis-
advantage is the impact of hydro-
static pressure during water immer-
sion, which can lead to significant 
increases in right-sided intracardiac 
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pressures. Instrumented studies have 
demonstrated that right atrial, pulmo-
nary arterial, and pulmonary capillary 
wedge pressures increase significantly 
during warm water immersion, but not 
during dry sauna.11 The authors sug-
gest that the cause of increased right-
sided pressures during water immer-
sion is related to an increase in venous 
return caused by hydrostatic pressure.

Sauna Bathing/Dry Sauna Method. 
Other thermal therapy methods stud-
ied were sauna bathing in a tradi-
tional Finnish sauna and the dry sauna 
approach, which utilizes infrared as 
the heat source. The absence of the 
hydrostatic component that occurs 
with water immersion makes the sauna 
methods of treatment preferable, par-
ticularly in patients with congestive 
heart failure.12 The dry sauna method 
sauna has been studied extensively by 
several groups of Japanese researchers 
at the University of Kagoshima.2,11–17 
Those researchers have utilized this 
approach in subjecting patients with 
heart failure to dry sauna at a tempera-
ture of 60°C for a period of 15 minutes 
per session.

Thermal Therapy Outcomes. 
Thermal therapy studies have exam-
ined the clinical impact of both single 
and repeated thermal therapy treat-
ment on a wide variety of patients with 
various stages and types of heart failure. 

The Figure highlights the impact of 
various thermal therapy approaches on 
ejection fraction (EF) in patients with 
NYHA class II through IV heart fail-
ure.11,14 Outcomes have been assessed 
by measuring the change in various 
disease-related parameters such as 
EF,14 blood pressure,11 cardiac geom-
etry,2 cardiac arrhythmias,13 and qual-
ity of life.10 The documented outcomes 
and improvement in a wide variety of 
heart failure–related parameters and 
markers are detailed in the Table and 
discussed in greater detail in the fol-
lowing section.

Clinical Impact of  
Thermal Therapy
Existing literature on the use of ther-
mal therapy was retrieved by search-
ing Embase database (covering publi-
cations from 1980 to December 2006) 
and Medline. All relevant published 
English-language papers were exam-
ined. Studies were only included if 
the participants had heart failure and 
if assessments were made to quan-
titatively detect changes in heart 
failure parameters. All age groups 
and disease severity were included. 
Animal studies are mentioned only 
to support related clinical findings in 
human participants. Statistically sig-
nificant outcome measurements were 
considered, and the outcomes are 
grouped by the heart failure param-
eters measured.

Endothelial Function. Animal studies 
have shown that thermal therapy can 
prevent the endothelial coronary dys-
function induced by ischemia reperfu-
sion in rats.18,19 These studies have also 
demonstrated that thermal therapy 
leads to induction of specific cardio-
protective heat shock proteins.18

In human patients with heart fail-
ure, the effect of thermal therapy 
on endothelial function was evalu-
ated using several parameters either 
directly or indirectly. Several studies 
have shown that systemic vascular 
resistance (SVR) decreases during and 
after thermal therapy sessions.2,11,16,17 
The decrease in SVR ranged from 
41.5% during thermal therapy11 to 
15.7% 1 day after a 2-week treatment.2 
This decrease in SVR during and after 
thermal therapy could be considered a 
potential sign of improved endothelial 
function in these patients.

A Japanese research group studied 
the effects of repeated thermal therapy 
on endothelial dysfunction using more 
specific parameters.2 Those research-
ers applied the dry sauna method for 2 
weeks on patients with NYHA class II 
or III heart failure. Toward the end of 
the sessions, they evaluated endothe-
lium-dependent vasodilation using 
the percentage flow-mediated dilation 
(FMD) method as well as endothe-
lium-independent vasodilation using 
sublingual nitrate administration. The 
FMD was found to be significantly 
increased after 2 weeks of sauna ther-
apy by about 30%, but the endothe-
lium-independent vasodilation using 
sublingual nitrate administration was 
not. In addition, SVR decreased and 
mean systolic blood pressure dropped 
to 97 mm Hg, as measured 1 day after 
the 2-week sauna treatment ended, 
compared with a baseline value of 107 
mm Hg. The authors hypothesized that 
the improvement in endothelial func-
tion after long-term periodic thermal 
therapy may be caused by improved 
nitric oxide (NO) production, which 
has already been clearly demonstrated 
in animal studies.20 Human studies 
in infants with severe heart failure 
also demonstrated increased urinary 

Figure. Impact of various thermal therapy methodologies on ejection fraction (EF) 
in patients with New York Heart Association class II through IV heart failure. 
Adapted from Tei et al.11,14
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excretion of NO metabolites (nitrate 
and nitrite) following thermal therapy, 
suggesting increased NO activity as a 
result of thermal therapy.16

Cardiac Function. Cardiac func-
tion was assessed in several studies 
by measuring EF, cardiac index, and 
stroke index. In a trial using a single 
dry sauna treatment, it was shown 
that cardiac index and stroke index 
increased by 48.1% and 13.9%, respec-
tively, in NYHA class II through IV 
patients during treatment.11 In addi-
tion, EF was increased from 24.1% 

to 28.5% during thermal therapy in 
this study. Subsequent studies utilizing 
repeated thermal therapy treatments 
(1–2 times/d, 5 times/wk for 4 weeks) 
resulted in increasing the EF of NYHA 
class III and IV patients from 24% to 
31%.14 These patients also averaged a 
>1-class improvement in the NYHA 
scale after 4 weeks of repeated thermal 
therapy treatment.

Cardiac Geometry (Size and Shape). 
Heart failure can result in dilation of 
the cardiac chambers and hypertrophy 
of the myocardium.21 The level of the 

resultant cardiomegaly is an indicator 
of the severity of the disease. Thermal 
therapy was found to positively influ-
ence cardiac geometry. Cardiothoracic 
ratio (CTR) was shown to decrease 
after repeated applications of ther-
mal therapy.2,13,14,22 Two weeks of dry 
thermal therapy resulted in decreased 
CTR from 60% to 57% in patients 
with both dilated and ischemic car-
diomyopathy.22 In another study, 4 
weeks of thermal therapy resulted in 
a reduction of CTR from 61% to 55% 
in NYHA class III and IV patients.14 
The echocardiography parameter left 

Table. Summary of the Findings of Published Studies on Clinical Impact of Thermal Therapy in Heart Failure Patients

Parameters Studied

No. of 
Patients

NYHA 
Class Thermal Therapy Method Parameter Change (units)

Parameter 
Change (%) Reference

Vascular 
resistance

20 II–III 2 Weeks’ dry sauna ↓ SVR from 2267±640 to 
1910±451 dynes·s-1·m5

↓ 15.7 2

32 II–IV Single dry sauna ↓ SVR from 1795±468 to 
1205±320 dynes·s-1·m5 during 
sauna bath

↓ 32.9 11

26 II–IV Single warm water 
immersion

↓ SVR from 1842±592 to 
1077±296 dynes·s-1·m5 during 
thermal therapy

↓ 41.5 11

32 II–IV Single dry sauna ↓ PVR from 238±74 to 213±62 
dynes·s-1·m5

↓ 10.5 11

20 II–III 2 Weeks’ dry sauna ↑ FMD from 4.4±2.5 to 5.7±2.5 % ↑ 29.5 2

Ejection fraction 28 II–IV Single dry sauna ↑ From 24.1%±8.2% to 
28.5%±8.6%

↑ 18.3 11

20 II–IV Single warm water 
immersion

↑ From 23.8%±9.5% to 
29.2%±10.6%

↑ 22.7 11

53 III–IV 4 Weeks’ warm water 
immersion and/or sauna 
bath

↑ From 24%±7% to 31%±9% ↑ 29.2 14

Cardiac index 32 II–IV Single dry sauna ↑ From 2.7±0.5 to 4.0±0.7 L/
min/m2

↑ 48.1 11

26 II–IV Single warm water 
immersion

↑ From 2.8±0.5 to 4.2±0.7 L/
min/m2

↑ 50 11

Stroke index 32 II–IV Single dry sauna ↑ From 36±7 to 41±7 mL/min/m2 ↑ 13.9 11

26 II–IV Single warm water 
immersion

↑ From 37±7 to 43±7 mL/min/m2 ↑ 16.2 11

Diastolic blood 
pressure

32 II–IV Single sauna bath ↓ Diastolic blood pressure – 9

26 II–IV Single warm water 
immersion

↓ From 79±12 to 68±10 mm Hg 
after bath

↓ 13.9 11

32 II–IV Single dry sauna ↓ From 78±10 to 67±11 mm Hg 
after bath

↓ 14.1 11

Systolic blood 
pressure

20 II–III 2 Weeks’ dry sauna ↓ From 107±22 to 97±17 mm Hg ↓ 9.3 2

15 II–III 4 Weeks’ dry sauna ↓ From 101±13 to 98±14 mm Hg ↓ 3.0 47

Intracardiac 
pressures

34 II–IV Single dry sauna or warm 
water immersion

↓ PAP, PCWP, RAP – 11

table continues on next page
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ventricular end diastolic dimension 
has also shown a similar trend to the 
reductions in CTR. Left ventricular 
end diastolic dimension was shown 
to decrease by 3.4% and 6.1% after 2 
and 4 weeks of dry thermal therapy, 
respectively.2,14 These decreases in 

cardiac geometry provide an indicator 
of improved cardiac status in patients 
treated with thermal therapy.

Cardiac Arrhythmias and Sudden 
Death. Patients with heart failure 
have a high prevalence of potentially 

serious arrhythmias and, consequently, 
a high incidence of sudden cardiac 
death.23–25 The presence of ventricular 
arrhythmias also defines a high-risk 
patient group with either ischemic 
or nonischemic cardiomyopathy.26–29 
This gives special importance to the 

Table. Summary of the Findings of Published Studies on Clinical Impact of Thermal Therapy in Heart Failure Patients (continued)

Parameters Studied

No. of 
Patients

NYHA 
Class Thermal Therapy Method Parameter Change (units)

Parameter 
Change (%) Reference

Arrhythmia 34 II–IV Single dry sauna or warm 
water immersion

Noted ↓ coupled or multiform 
extrasystoles

– 11

26 II–III 2 Weeks’ dry sauna ↓ PVC from 2993±905 to 
1476±592 PCVs/24h

↓ 50.7 22

20 II–III 2 Weeks’ dry sauna ↓ PVC from 3161±104 to 
848±415 PCVs/24h
↑ HRV

↓ 73.2 13

Cardiac geometry 28 II–IV Single dry sauna ↓ LV and LA dimensions – 11

20 II–IV Single warm water 
immersion

↓ LV and LA dimensions – 11

20 II–III 2 Weeks’ dry sauna ↓ CTR from 58.2%±7.1% to 
55.9%±7.9%
↓ LVEDD from 59±8 to 57±9 mm

↓ 4
↓ 3.4

2

20 II–III 2 Weeks’ dry sauna ↓ CTR from 59%±1 to 56%±2% ↓ 5 13

26 II–III 2 Weeks’ dry sauna ↓ CTR from 60%±2% to 57% ↓ 5 22

56 III–IV 4 Weeks’ warm water 
immersion and/or sauna 
bath

↓ CTR from 61%±5% to 55%±4%
↓ LVEDD from 66±5 to 62±5 mm

↓ 9.8
↓ 6.1

14

Mitral 
regurgitation

34 II–IV Single dry sauna or warm 
water immersion

Decreased in 20 cases out of 26 
with mitral regurgitation at baseline

– 11

Sign and 
symptoms

56 III–IV 4 Weeks’ warm water 
immersion and/or sauna 
bath

↓ 1.2 NYHA class – 14

15 II–III 6 Weeks’ peripheral warm 
water baths and cold 
applications

Improved positive mood, physical 
capacity, relaxation, socialization, 
and depression

– 10

20 II–III 2 Weeks’ dry sauna Clinical symptoms: dyspnea, 
fatigue, edema, sleeplessness, 
appetite loss, and constipation–
improved in 17/20 patients

– 13

BNP 20 II–III 2 Weeks’ dry sauna ↓ From 425±102 to 229±54 pg/
mL

↓ 46.1 13

26 II–III 2 Weeks’ dry sauna ↓ From 514±141 to 204±92 pg/
mL

↓ 60.3 22

20 II–III 2 Weeks’ dry sauna ↓ From 441±444 to 293±302 pg/
mL

↓ 33.6 2

NO 
bioavailability

12 “Infants 
with 

severe 
CHF”

4 Weeks’ dry sauna ↑ From 310 to 600 mmol/L in urine ↑ 93.5 16

Abbreviations: BNP, brain natriuretic peptide; CHF, congestive heart failure; CTR, cardiothoracic ratio; FMD, flow-mediated dilation; 
HRV, heart rate variability; LA, left atrial; LV, left ventricular; LVEDD, left ventricle end diastolic dimension; NO, nitric oxide; NYHA, 
New York Heart Association; PAP, pulmonary artery pressure; PCWP, pulmonary capillary wedge pressure; PVC, premature 
ventricular contraction; PVR, peripheral vascular resistance; RAP, right atrial pressure; SVR, systemic vascular resistance. Symbols: ↑, 
increased; ↓, decreased. 
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effect of thermal therapy on cardiac 
arrhythmias.

While the potential for increased 
arrhythmias during thermal therapy 
was initially a major concern with 
sauna therapy, early observations in 
patients post–myocardial infarction 
(MI) found that they tolerated ther-
mal therapy without increased risk 
of cardiac arrhythmias and other 
complications.30 In that study, sauna 
bathing at 90°C did not increase the 
risk of arrhythmias to levels higher 
than those of other everyday stress 
situations. Subsequently, the effects 
of 60°C dry sauna on arrhythmias 
was examined specifically in patients 
with advanced heart failure and pro-
vided significant reductions in car-
diac arrhythmia.22 This study in 26 
patients with dilated cardiomyopathy 
and ischemic cardiomyopathy showed 
a significant decrease in premature 
ventricular contractions from a mean 
of 2993 to 1476 per 24-hour period 
following 2 weeks of thermal therapy. 
An additional study with 30 NYHA 
class II and III patients reported a 73% 
reduction in premature ventricular 
contractions (from 3161 to 848 per 
24-hour period) following 2 weeks 
of thermal therapy.13 Other forms of 
arrhythmias, such as couplets and epi-
sodes of ventricular tachycardia, were 
found to be decreased by 50% and 
75%, respectively.

In addition to arrhythmia reduc-
tion, heart rate variability (HRV) was 
also found to be significantly increased 
following thermal therapy.13 Increased 
HRV is a sign of improved cardiac 
rhythm,31,32 while a low level of HRV 
is associated with an enhanced risk of 
ventricular fibrillation and an over-
all poor prognosis for heart failure 
patients.33 Based on various stud-
ies, it has been speculated that the 
decreased incidence of ventricular 
arrhythmias following thermal therapy 
may be attributed to decreased ven-
tricular stretch.13

Neurohormonal Markers. There is 
significant evidence34 of short-term 
hormonal changes during sauna 

bathing, for example, in norepineph-
rine (2- to 4-fold increase), renin 
activity (1.5- to 2-fold increase), 
angiotensin II (3-fold increase), and 
aldosterone (3- to 6-fold increase). 
In terms of longer-term impact, a 
2-week study utilizing dry thermal 
therapy found no sustained changes 
in epinephrine, norepinephrine, or 
dopamine levels; however, significant 
reductions in brain natriuretic peptide 
(BNP) from baseline were noted.2,13 
The level of BNP is an important 
prognostic indicator in patients with 
heart failure.35,36 The mean value of 
BNP was found to drop significantly 
in heart failure patients who received 
dry thermal therapy for 2 weeks.2,13,22 
One such dry thermal therapy study 
showed a 60% decrease in BNP from 
514 to 204 pg/mL.22 Another dry ther-
mal therapy study showed a significant 
correlation between the percentage 
improvement in BNP concentra-
tion and the change in FMD, with 
increased FMD being a potential indi-
cator of improved endothelial func-
tion in these patients.2

Quality of Life and Heart Failure–
Related Symptoms. Heart failure is 
a debilitating disease; patients usually 
suffer from low exercise capacity in 
addition to many restrictive symp-
toms such as leg edema and dysp-
nea. Besides the physical manifesta-
tions, depression and sleep disorders 
are not infrequent in such patients. 
Consequently, quality of life (QOL) 
deteriorates with the progression of 
heart failure. The impact of thermal 
therapy on the QOL of heart failure 
patients has been the subject of vari-
ous studies.

A German study on home-based 
hydrotherapy conducted QOL stud-
ies during a 6-week course of thermal 
therapy in patients with NYHA class II 
or III heart failure.10 QOL, which was 
assessed using a validated question-
naire, was significantly improved in 
terms of physical capacity, enjoyment, 
and relaxation. Heart failure–related 
symptoms were also found to be sig-
nificantly improved in this study.

A group of Swedish researchers 
examined an exercise program in a 
temperature-controlled swimming 
pool.37 In this study, 15 patients with 
NYHA class II or III heart failure were 
instructed to perform exercises in the 
warm water (30–34°C) for 45 min-
utes, 3 times a week for 8 weeks. The 
patients who exercised in warm water 
saw significant improvement in terms 
of maximum exercise capacity. Two 
different questionnaires, the Short 
Form-36 Health Survey Questionnaire 
and the Minnesota Living with Heart 
Failure Questionnaire, were used. The 
results demonstrated that exercise 
capacity improvement was also associ-
ated with improvement in QOL for 
these patients.

Dry sauna thermal therapy was 
also found to improve other related 
symptoms in heart failure. One ther-
mal therapy study noted significantly 
decreased rates of mitral regurgitation 
during and after thermal therapy in 20 
of 26 patients with mitral regurgitation 
at baseline.11 Two weeks of dry thermal 
therapy in 20 patients with dilated and 
ischemic cardiomyopathy was found 
through a self-assessment QOL ques-
tionnaire to improve a composite of 
symptoms including dyspnea, fatigue, 
edema, sleeplessness, appetite loss, and 
constipation in 17 out of 20 patients.13 
Longer treatments for 4 weeks were 
also shown to significantly decrease 
NYHA class (1.2-class reduction) in a 
study involving 56 NYHA class III and 
IV patients.14

Thermal Therapy Safety 
Profile
When considering the potential use of 
thermal therapy as a therapeutic modal-
ity, one may question the safety of this 
practice. Since heart failure is a complex 
syndrome that is frequently compound-
ed by other conditions such as CAD and 
MI history, it is of paramount importance 
to understand the established safety pro-
file of thermal therapy.

Thermal Therapy and CAD. A great 
deal of experience of thermal exposure 
with conditions such as CAD came 
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from the studies on Finnish sauna.38 
The benefits and risks of Finnish 
sauna were studied comprehensively 
in a meta-analysis that covered lit-
erature from 1966 to 2000.34 This 
meta-analysis included 130 original 
papers that examined sauna treatment 
in relation to major health problems 
and physiologic systems. The authors 
reported that sauna is safe for most 
individuals with coronary heart dis-
ease, stable angina pectoris, and old 
MI.34 Patients with coronary heart 
disease were found to tolerate sauna 
well; only 2% reported chest pain 
during sauna, whereas 60% had chest 
pain during normal daily life.34 Other 
reports from Norway and Germany 
supported that sauna is well toler-
ated by CAD patients.38 When com-
paring thermal treatment with exer-
cise, several studies reported that the 
occurrence of myocardial ischemia in 
CAD patients during sauna was found 
to be significantly less than during 
exercise.39,40

Thermal Therapy and MI. It was 
found that the risk of MI41 and sudden 
death42 are lower during sauna bath-
ing than during other daily activities. 
A 10-year follow-up of 117 post-MI 
patients showed that 82% continued 
regular sauna use.41 During the 10-year 
follow-up, no occurrences of sudden 
death, reinfarction, or serious arrhyth-
mia were attributed to sauna bathing 
in these post-MI patients. In addition, 
cardiac arrhythmias were rare during 
thermal therapy compared with during 
physical exercise.

Thermal Therapy and Pharmaco
therapy. The ability of patients to 
maintain standard heart failure 
medication use when receiving ther-
mal therapy is vitally important. 
Reports from Finnish sauna stud-
ies have shown that the combina-
tion of sauna with cardiovascular 
drugs, such as calcium antagonists, 
digitalis, diuretics, and long-acting 
nitrates, does not produce harmful 
reactions.38 One early report suggest-
ed that b-blockers, particularly those 

with marked bradycardic effect, may 
impact the increase in heart rate 
due to heat stress, thus creating a 
hypotensive reaction. However, in 
more contemporary studies, patients 
who received thermal therapy con-
tinued using their regular medica-
tion for heart failure before and 
during the course of thermal therapy 
without reported adverse effects.2,14 
The effect of hyperthermia on the 
absorption, distribution, and elimi-
nation of orally administered drugs, 
including propranolol, captopril, and 
midazolam is minor.34 However, the 
absorption of transdermally and sub-
cutaneously administered drugs was 
found to be increased, which should 
be taken in consideration during the 
application of thermal therapy.

Cautions and Contraindication of 
Thermal Therapy. There are few 
conditions that were found to be 
negatively affected by hyperthermic 
exposure or are a contraindication for 
this practice. One risk group could 
be patients on the antiepileptic drug 
topiramate. Environmental tempera-
ture was found to be a risk factor 
for topiramate-related hyperthermia43; 
therefore, thermal therapy is not rec-
ommended for patients undergoing 
treatment with topiramate.

Patients with pulmonary hyperten-
sion should also be cautioned. While 
no specific mention of pulmonary 
hypertension was found in the litera-
ture reviewed, the monograph for epo-
prostenol sodium, a vasodilator used 
in the treatment of primary pulmonary 
hypertension, indicates that patients 
should avoid situations that promote 
vasodilation such as saunas, hot baths, 
and sunbathing. Severe hypotension 
has been seen in patients treated with 
chronic epoprostenol infusions under 
such circumstances.

Another risk factor could be preg-
nancy. Although there is evidence 
that sauna bathing is safe during preg-
nancy,34 sauna bathing for pregnant 
women in early pregnancy was sus-
pected to increase risk of neural tube 
defects.44,45

Other conditions that were report-
ed to be contraindicated for thermal 
therapy include the following:
 Unstable angina pectoris (ie, angina 

that has developed for the first time 
recently or worsening of preexisting 
angina for no apparent reason).46

 Recent MI.34 However, in a study that 
involved 102 MI patients, the mean 
time for restarting sauna bathing 
for persons accustomed to Finnish 
sauna was reported to be 6.7 weeks 
(the range was 3–24 weeks).30

 Decompensated heart failure, uncon-
trolled hypertension, and/or severe 
aortic stenosis.3

Summary
Based on the literature reviewed, the 
following findings were obtained:
1) Preponderance of evidence: Most 

of the studies reviewed have been 
relatively small observational stud-
ies and involve different forms of 
thermal therapy; however, the pre-
ponderance of the evidence high-
lights repeatable and compelling 
data across a myriad of heart failure 
symptoms and markers that signifi-
cant clinical benefits can be obtained 
using thermal therapy (See Table).

2) Limited adverse events: Thermal 
therapy offers many potential ben-
efits; as a nonpharmacologic treat-
ment, it is generally devoid of 
adverse reactions. None of the stud-
ies reported major adverse events.

3) Widespread applicability: Unlike 
exercise training, heart failure 
patients who are physically unfit, 
in frail health, or aged or who have 
orthopedic limitations would not 
generally be exempt from use of 
thermal therapy.

4) QOL improvements: Thermal ther-
apy has also been shown to promote 
mental and physical relaxation, 
leading to improved QOL including 
increased appetite, sleep quality, and 
general well-being.
Given these findings, as well as the 

noninvasive nature of thermal therapy, 
this approach may be an ideal adjunct 
therapy for widespread application in 
the treatment of heart failure.
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Conclusions
As an adjunct, thermal therapy can 
generally be utilized with standard 
heart failure treatments to enhance 
clinical outcomes without additional 
risk in a large cross-section of heart fail-
ure patients. Of importance, thermal 

therapy has shown substantial clinical 
benefits across a variety of heart fail-
ure–related areas such as hemodynam-
ics, endothelial function, cardiac geom-
etry, arrhythmias, and sudden death, 
among others. Given these important 
attributes and the potential clinical 

benefits, a large-scale randomized study 
of thermal therapy is warranted to fur-
ther elucidate these findings.

Acknowledgements: This study was funded 
in part by the Medical Devices Centre at 
the University of Ottawa Heart Institute.

References

 1 Weber AA, Silver MA. Heat therapy in the 
management of heart failure. Congest Heart 
Fail. 2007;13:81–83.

 2 Kihara T, Biro S, Imamura M, et al. Repeated 
sauna treatment improves vascular endothe-
lial and cardiac function in patients with 
chronic heart failure. J Am Coll Cardiol. 
2002;39:754–759.

 3 Keast ML, Adamo KB. The Finnish sauna 
bath and its use in patients with cardio-
vascular disease. J Cardiopulm Rehabil. 
2000;20:225–230.

 4 Nguyen Y, Naseer N, Frishman W. Sauna 
as a therapeutic option for cardiovascular 
disease. Cardiol Rev. 2004;12:321–324.

 5 Nayha S, Hassi J. Cold and mortality from 
ischaemic heart disease in northern Finland. 
Arctic Med Res. 1995;54:19–25.

 6 Katz A, Biron A, Ovsyshcher E, et al. 
Seasonal variation in sudden death in the 
Negev desert region of Israel. Isr Med Assoc 
J. 2000;2:17–21.

 7 Hassi J, Remes J, Kotaniemi JT, et al. 
Dependence of cold-related coronary and 
respiratory symptoms on age and expo-
sure to cold. Int J Circumpolar Health. 
2000;59:210–215.

 8 Isezuo SA. Seasonal variation in hospi-
talisation for hypertension-related morbidi-
ties in Sokoto, north-western Nigeria. Int J 
Circumpolar Health. 2003;62:397–409.

 9 Tei C, Horikiri Y, Park JC, et al. Effects of 
hot water bath or sauna on patients with 
congestive heart failure: acute hemodynam-
ic improvement by thermal vasodilation. J 
Cardiol. 1994;24:175–183.

 10 Michalsen A, Lüdtke R, Bühring M, et al. 
Thermal hydrotherapy improves quality of 
life and hemodynamic function in patients 
with chronic heart failure. Am Heart J. 
2003;146:728–733.

 11 Tei C, Horikiri Y, Park JC, et al. Acute hemo-
dynamic improvement by thermal vasodila-
tion in congestive heart failure. Circulation. 
1995;91:2582–2590.

 12 Tei C, Tanaka N. Comprehensive therapy for 
congestive heart failure: a novel approach 
incorporating thermal vasodilation. Intern 
Med. 1996;35:67–69.

 13 Kihara T, Biro S, Ikeda Y, et al. Effects 
of repeated sauna treatment on ventricular 
arrhythmias in patients with chronic heart 
failure. Circ J. 2004;68:1146–1151.

 14 Tei C, Tanaka N. Thermal vasodilation as a 
treatment of congestive heart failure: a novel 
approach. J Cardiol. 1996;27:29–30.

 15 Ikeda Y, Biro S, Kamogawa Y, et al. Effect of 
repeated sauna therapy on survival in TO-2 
cardiomyopathic hamsters with heart failure. 
Am J Cardiol. 2002;90:343–345.

 16 Sugahara Y, Ishii M, Muta H, et al. Efficacy 
and safety of thermal vasodilation therapy by 
sauna in infants with severe congestive heart 
failure secondary to ventricular septal defect. 
Am J Cardiol. 2003;92:109–113.

 17 Tei C. Thermal therapy for congestive heart 
failure: estimation by TEI index. J Cardiol. 
2001;37:155–159.

 18 Amrani M, Corbett J, Allen NJ, et al. Induction 
of heat-shock proteins enhances myocardial 
and endothelial functional recovery after pro-
longed cardioplegic arrest. Ann Thorac Surg. 
1994;57:157–160.

 19 Joyeux M, Bouchard JF, Lamontagne D, et al. 
Heat stress-induced protection of endothelial 
function against ischaemic injury is abolished 
by ATP-sensitive potassium channel blockade 
in the isolated rat heart. Br J Pharmacol. 
2000;130:345–350.

 20 Harris MB, Blackstone MA, Ju H, et al. Heat-
induced increases in endothelial NO synthase 
expression and activity and endothelial NO 
release. Am J Physiol Heart Circ Physiol. 
2003;285:H333–H340.

 21 Julian DG, Cowan JC. Cardiology. 6th ed. 
London: Bailliere Tindall; 1992.

 22 Kihara T, Biro S, Imamura M, et al. Effects 
of sauna therapy on cardiac arrhythmia in 
patients with chronic heart failure. J Am Coll 
Card. 2002;39:134A.

 23 Meinertz T, Hofmann T, Kasper W, et al. 
Significance of ventricular arrhythmias in idio-
pathic dilated cardiomyopathy. Am J Cardiol. 
1984;53:902–907.

 24 Maskin CS, Siskind SJ, LeJemtel TH. High 
prevalence of nonsustained ventricular tachy-
cardia in severe congestive heart failure. Am 
Heart J. 1984;107:896–901.

 25 Koseki Y, Watanabe J, Shinozaki T, et al. 
Characteristics and 1-year prognosis of medi-
cally treated patients with chronic heart failure 
in Japan. Circ J. 2003;67:431–436.

 26 Holmes J, Kubo SH, Cody RJ, et al. Arrhythmias 
in ischemic and nonischemic dilated cardio-
myopathy: prediction of mortality by ambu-
latory electrocardiography. Am J Cardiol. 
1985;55:146–151.

 27 Dargie HJ, Cleland JG, Leckie BJ, et al. Relation 
of arrhythmias and electrolyte abnormalities to 
survival in patients with severe chronic heart 
failure. Circulation. 1987;75:IV98–IV107.

 28 Stevenson WG, Sweeney MO. Arrhythmias 
and sudden death in heart failure. Jpn Circ J. 
1997;61:727–740.

 29 Doval HC, Nul DR, Grancelli HO, et al. 
Nonsustained ventricular tachycardia in 
severe heart failure: Independent marker of 
increased mortality due to sudden death. 
GESICA-GEMA Investigators. Circulation. 
1996;94:3198–3203.

 30 Luurila OJ. Arrhythmias and other cardiovas-
cular responses during Finnish sauna and 
exercise testing in healthy men and post-
myocardial infarction patients. Acta Med 
Scand Suppl. 1980;641:1–60.

 31 Bilchick KC, Fetics B, Djoukeng R, et al. 
Prognostic value of heart rate variability in 
chronic congestive heart failure (Veterans 
Affairs’ Survival Trial of Antiarrhythmic 
Therapy in Congestive Heart Failure). Am J 

Cardiol. 2002;90:24–28.
 32 Fauchier L, Babuty D, Cosnay P, et al. Prognostic 

value of heart rate variability for sudden 
death and major arrhythmic events in patients 
with idiopathic dilated cardiomyopathy. J Am 
Coll Cardiol. 1999;33:1203–1207.

 33 Koyama J, Watanabe J, Yamada A, et al. 
Evaluation of heart-rate turbulence as a new 
prognostic marker in patients with chronic 
heart failure. Circ J. 2002;66:902–907.

 34 Hannuksela ML, Ellahham S. Benefits 
and risks of sauna bathing. Am J Med. 
2001;110:118–126.

 35 Troughton RW, Frampton CM, Yandle TG, 
et al. Treatment of heart failure guided by 
plasma aminoterminal brain natriuretic 
peptide (N-BNP) concentrations. Lancet. 
2000;355:1126–1130.

 36 Yasue H, Yoshimura M, Sumida H, et al. 
Localization and mechanism of secretion of 
B-type natriuretic peptide in comparison with 
those of A-type natriuretic peptide in nor-
mal subjects and patients with heart failure. 
Circulation. 1994;90:195–203.

 37 Cider A, Schaufelberger M, Sunnerhagen KS, et 
al. Hydrotherapy–a new approach to improve 
function in the older patient with chronic heart 
failure. Eur J Heart Fail. 2003;5:527–535.

 38 Luurila OJ. The sauna and the heart. J Intern 
Med. 1992;231:319–320.

 39 Giannetti N, Juneau M, Arsenault A, et 
al. Sauna-induced myocardial ischemia in 
patients with coronary artery disease. Am J 
Med. 1999;107:228–233.

 40 Hoffmann A, Muller M, Niederhauser 
HU. Are swimming and sauna hazard-
ous in the rehabilitation of heart patients? 
English abstract. Schweiz Med Wochenschr. 
1983;113:1054–1057.

 41 Eisalo A, Luurila OJ. The Finnish sauna 
and cardiovascular diseases. Ann Clin Res. 
1988;20:267–270.

 42 Luurila OJ. Cardiac arrhythmias, sudden 
death and the Finnish sauna bath. Adv 
Cardiol. 1978;25:73–81.

 43 Ziad el K, Rahi AC, Hamdan SA, et al. Age, 
dose, and environmental temperature are risk 
factors for topiramate-related hyperthermia. 
Neurology. 2005;65:1139–1140.

 44 Moretti ME, Bar-Oz B, Fried S, et al. 
Maternal hyperthermia and the risk for 
neural tube defects in offspring: systematic 
review and meta-analysis. Epidemiology. 
2005;16:216–219.

 45 Waldenstrom U. Warm tub bath and sauna 
in early pregnancy: risk of malformation 
uncertain. Acta Obstet Gynecol Scand. 
1994;73:449–451.

 46 Vuori I. Sauna bather’s circulation. Ann Clin 
Res. 1988;20:249–256.

 47 Miyamoto H, Kai H, Nakaura H, et al. 
Safety and efficacy of repeated sauna bath-
ing in patients with chronic systolic heart 
failure: a preliminary report. J Card Fail. 
2005;11:432–436.

Congestive Heart Failure® (ISSN 1527-5299) is published bimonthly (Feb., April, June, Aug., Oct., Dec.) by Le Jacq, located at Three Enterprise Drive, Suite 401, Shelton, CT 06484.  Le Jacq is an imprint of Blackwell Publishing, which was acquired by 
John Wiley & Sons in February 2007. Blackwell’s programme has been merged with Wiley’s global Scientific, Technical, and Medical business to form Wiley-Blackwell.  Copyright ©2008 by Le Jacq. All rights reserved. No part of this publication may 
be reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopy, recording, or any information storage and retrieval system,  without permission in writing from the publishers. The opinions and ideas 
expressed in this publication are those of the authors and do not necessarily reflect those of the Editors or Publisher. For copies in excess of 25 or for commercial purposes, please contact Ben Harkinson at BHarkinson@bos.blackwellpublishing.com or 781-388-8511.

publishing . symposia . patient education . trials review series

®


