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Abstract

The acute hemodynamic effects of thermal vasodilation caused by exposure to hot water bath or sauna
in chronic congestive heart failure were investigated in 32 patients (mean age 57+ 15 years old) with
dilated cardiomyopathy (25 idiopathic and 7 ischemic). The clinical symptoms were New York Heart
Association Class II in 2 patients, III in 17 and IV in 13, and the mean ejection fraction was 25+9% (9-
44%). Exposure to hot water bath was for 10 minutes at 41°C in a semi-sitting position, and to sauna for 15
minutes at 60°C in a supine position using a special far infrared ray sauna chamber. Blood pressure,
electrocardiogram, two-dimensional and Doppler echocardiograms, expiration gas, and intracardiac pres-
sure tracings were recorded before (control), during, and 30 minutes after hot water bath or sauna.

1. The increase in oxygen consumption was only 0.3 Mets during hot water bath or sauna, and re-
turned to the control level 30 minutes later.

2. The deep temperature in the main pulmonary artery increased by 1.0-1.2°C on average at the end
of hot water bath or sauna.

3. Heart rate increased significantly (p<<0.01) by 20-25/min during bathing and still increased 30
min later. '

4. Systolic blood pressure did not change significantly during and after hot water bath or sauna, while,
diastolic blood pressure decreased significantly during (p<0.05) and after sauna (p<0.01), and after hot
water bath (p<0.01).

5. Cardiac output increased significantly during hot water bath or sauna (p<0.01), and persisted 30
minutes thereafter (p<0.01).

6. Peripheral vascular resistance decreased significantly during hot water bath and sauna (p<<0.01),
and persisted 30 minutes later (p<0.01).

7. Mean pulmonary artery pressure, mean pulmonary capillary wedge pressure, and mean right atrial
pressure increased significantly during hot water bath (p<0.05). However, these pressures decreased
significantly 30 minutes after hot water bath (p<<0.01) compared to those of controls. These intracardiac
pressures decreased during sauna (p<0.05) and the maximum effect was observed 30 minutes after sauna
(»<0.01).

8. Functional mitral regurgitation associated with dilated cardiomyopathy was reduced significantly
in 22 of 27 patients during hot water bath or sauna, and returned gradually to the control level afterwards,
but a significant decrease persisted 30 minutes.
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9. Left ventricular pre-ejection period divided by ejection time (PEP/ET) decreased significantly during
and 30 minutes after hot water bath and sauna (p<0.01).

Hot water bath and sauna caused the same thermal vasodilation effects with hemodynamic improve-
ment in congestive heart failure. The only problem during hot water bath was the increase of intracardiac
pressures, probably due to increase of venous return by hydrostatic pressure. There was no such problem
during sauna. Thermal vasodilation by hot water bath or sauna exposure improves acute hemodynamics in

patients with congestive heart failure.
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Table 1 Clinical findings of 32 patients with congestive heart failure

Patient Diagnosis Age (yrs) Sex NYHA class CTR LVDd (mm) EF (%) MR
1 DCM 31 M I 57 78 17 2
2 DCM 23 M I 52 73 23 1
3 DCM 60 F v 70 74 28 4
4 DCM 40 M I 55 62 34 0
5 DCM 62 M 1§ 68 64 38 2
6 DCM 72 M v 68 77 11 2
7 DCM 49 F v 65 71 9 2
8 IcM 64 M v 60 62 21 2
9 DCM 60 M I 52 58 29 1

10 DCM 43 M v 58 69 20 0
11 DCM 54 M I 54 86 22 2
12 DCM 58 F v 58 68 22 2
13 DCM 56 M v 60 78 15 3
14 ICM 70 M I 52 77 24 3
15 DCM 53 M I 64 64 20 2
16 ICM 60 F I 60 66 31 0
17 DCM 71 M v 70 68 14 3
18 DCM 64 M v 62 64 28 3
19 ICM 58 M 11 65 65 10 0
20 DCM 83 F 11 63 66 26 3
21 DCM 49 M v 58 74 33 3
22 DCM 77 M v 62 57 40 3
23 DCM 69 M I 59 67 4 3
24 ICM 51 M v 58 63 20 3
25 DCM 17 F I 63 57 26 0
26 DCM 51 M v 63 81 16 3
27 DCM 73 F I 70 65 25 3
28 ICM 62 M I 54 73 38 1
29 ICM 75 M I 56 74 20 3
30 DCM 70 F I 55 57 20 3
31 DCM 54 F I 56 68 23 1
32 DCM 56 M I 54 66 42 3
mean+SD 57+15 60t5 687 25+9

DCM =idiopathic dilated cardiomyopathy;
Association; CTR =cardiothoracic ratio;
fraction; MR =mitral regurgitation
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ICM =ischemic cardiomyopathy;
LVDd=left ventricular end-diastolic dimension;

NYHA=New York Heart
EF=ejection
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Table2 Changes of oxygen consumption, temperature, heart rate and blood pressure during and after hot water bathing and sauna exposure

Hot water bath Sauna bath
Control During After Control During After

Maximum O: consumption (m/) 193125 242 £22%* 203+24 20228 234 +24** 210+26
Metabolic equivalents (Mets) 1.05+0.13 1.31£0.12%* 1.10£0.13 1.09+0.15 1.26+0.13** 1.14%0.14
Deep temperature (°C) 37.0+0.13 38.2+0.4%* 37.5+£0.4%** 36.9+0.3 38.0£0.4%F  374+0.4%*
Heart rate (/min) 75+13 102 £20%* 84+ 12%* 76t16 96 £22%* 82+ 20**
Systolic blood pressure (mmHg) 118+20 121+19 11518 114+18 116+18 110+17
Diastolic blood pressure (mmHg) 7811 74+10 68 9% 77£10 70£12% 66 11%*

All values are mean + standard deviation.

* p<0.05, ** p<0.01 vs control

b, 150EDY Y FEERCERMLTHETLZ. Y 4 @ E

FEPOFEST ZADREIZ L — VAN Y FEEEICE
B3, AOM»SEHEZINHB L TITo 72, H
FHEHOBIER, BKE L FERICERTHMRIEL
DD 30 FEDEHENLE & 58 TiTo 7z,

& ES

BB 7 & I Fin s I IR R L5 OE, £
Bk &0 BMEEROE L ERIE R L, £FT
REEFAL—-RIIRTTBHILNTE.

1. BEENE

BFEEREBAKSE L ST Y FEOVWTNRTD
FIZERE, FEICHEmMLY, TOREREET
metabolic equivalents (Mets) 8 T EFEF (2 T
0.3 Mets DM E o7z, B30 FHEICIZIZA
WENCEL, BAKBEELH Y THOBMICOEEEIADL
e H o 7z (Table 2).

2. RERIAE

AR & U C OIGBIIR MR R 13 iBUkiE 10 54 T B
38.2+0.4°C, %7+ 15 5 THRE38.0£04°C L HE
WWERL, F20Fnd Il 30 5% TH ABEICH
RTCHEEL LR %R L7 (Table 2).

3. DB E

DEBULIRAKIB % S5 IS 7 FisIC, ABENCHE
NTCHEICHEML 2. BE 30 7FRICIEABFICHS
TR L7zDS, ABENIHENRS L BEELREMSEA
5 L7z (Table 2).

ERAINE (3iBKIE & 3y FBOBS - BRICEE
REIZAON o7z, L LIGRIMEE, BKk
BTIRBPICIAEZRAON R o728, HBF305
BIIFELRETE2RL, Y FETEIRFTLLEE
IET L, & 30 5772 Tl & 5 IZ{ET L 72 (Table 2).

5. DAHE

LHBERABRNIICHXTRARKEB LY+
WTRIZBWTHELLEML, HF305%THA
BRI THEELREMATED b/ (Fig. 1). T2 1
EAH & (LR E/ 0B biEK, T FBEoEThS
IUmBRESHEE ML .

6. EERMMEER
ERMMEEIUTEABB L O Y FiH, wih
HABANIHRTELIETL, BB 305BICDE
BT A0 5 N7 (Fig. 2). MillEHKHT b FEZ K
L& R L7z,

7. D AE
mAKBETIIEEE, WERE, MBREAEIZVT
NHBEFICEEICHEML 7245, HBEHRIIIABRNICT
NTHEEBEIET LA, —AF7FHETIE, Thood
AEREFPLWVFRLAFEITKRTL, HiF 305%
TIX S HIEEZ /R L 72 (Fig. 3).

8. {BEFHER

AR SRS AERER & M7z 27 Bl 22 BT,
BREOZREHN, WIhd ABPISEROFERBD
ARENT:, ABRIIZEHRTICR B ZRLL

Journal of Cardiology 1994; 24: 175-183



RIFIC L B0AREDMATHENEIL 179

//min/m? A //min/m? B
59 54
4.5 4.5
44 4+
3.51 3.54
. 3 - 3 -
2.54 2.5
*P<0.01 v s Control *P<0.01 v s. Control
2 T T 2 T ] 1
Cor:trol 10min H-W  30min after Control 15min Sauna  30min after
Bath Bath Bath Bath

Fig. 1 Changes of cardiac output during and after hot water bathing (H-WB) (A) and sauna exposure (B)

Cardiac output is normalized to the body surface area. Cardiac index increased significantly during H-WB and sauna expo-
sure, and persisted 30 min later.
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Fig.2 Changes of peripheral vascular resistance during and after H-WB (A) and sauna exposure (B)

Peripheral vascular resistance decreased significantly during H-WB and sauna exposure, and is still observed 30 min later.
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Fig.3 Changes of intracardiac pressures during and after H-WB (A) and sauna exposure (B)

Mean pulmonary artery pressure (nPAP), mean pulmonary capillary wedge pressure (mPCWP) and mean right atrial pres-
sure (mRAP) increased significantly during H-WB, but decreased significantly 30 min after H-WB compared to those of
controls. During sauna exposure, these pressures decreased significantly and the maximum effect is observed 30 min after
sauna exposure.
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10 min Hot [E
Water Bath s

Fig. 4 Decrease of mitral regurgitation during H-WB (A) and sauna exposure (B) in the same patient with idiopathic dilated

cardiomyopathy

Note that mitral regurgitation is significantly decreased at 10 min after H-WB and 15 min after sauna exposure.
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Fig.5 Change of aortic flow velocity pattern before (A) and after sauna exposure (B) in a patient with idiopathic dilated
cardiomyopathy

Pre-ejection period (PEP) is decreased and ejection time (ET) and peak aortic flow velocity are increased after sauna expo-
sure.
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Fig. 6 Changes of systolic time intervals during and 30 minutes after
hot water bathing (H-WB)

Pre-ejection period (PEP) decreased and ejection time (ET) in-
creased significantly during and after H-WB, resulting in sig-
nificant decrease of PEP/ET during and after H-WB.
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