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ABSTRACT

Background and Objectives : The beneficial effects of systemic thermal therapy such as taking a hot tub or
sauna have been described for patients with cardiovascular disease. Despite such positive effects, there is
still concern over the safety of these procedures. Half-body immersion has recently been widely used as an
alternative to achieve the same benefit, and it is better tolerated than conventional whole-body immersion
(WBI). However, there has been no study that has clarified the cardiovascular effect of half-body immersion
(HBI). Subjects and Methods : We asked 13 healthy men (age : 20 to 27 years) to immerse themselves to the
shoulder level on day 1) and to the umbilical level on Day 2 for 20 minutes in a hot tub, respectively (tempera-
ture : 39.0 to 41.07C). Changes of skin (Tg) and esophageal temperature (Tg,), hemodynamic and autonomic
responses, and symptom scale were measured during the immersion. Results : All the volunteers were com-
pliant and there were no adverse events. During immersion, the Tg, increased continuously with each methods,
but 10 minutes after immersion the Tg, for the WBI patients was higher (p=0.03). The heart rate (HR) increased
and the diastolic blood pressure decreased for both conditions. In contrast to HBI, the ejection fraction (EF)
(p=0.10), and cardiac output (CO) (p=0.005) increased continuously for WHI. Among the HRV parameters, the
values for the low-to-high frequency ratio (p=0.03) increased significantly with WHI after 10 minutes. The
symptom scale during (p=0.01) and immediate after immersion in the hot tub (p=0.005) was better for HBI.
Conclusion : Core temperature, echocardiographic systolic parameters and sympathetic activity were increased
more slowly for HBI compared to WBI. This suggests that HBI could be a safer alternative for systemic thermal
therapy for the patients with cardiovascular disease. (Korean Circulation J 2004;34(12):1202-1209)
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Table 1. Subject characteristics

Age (yr) 218 =17
Height (cm) 1723 t4.4
Weight (k@) 66.8 £6.2
BSA (m2) 1.78+0.09
BMI (kg/m2) 225 £2.1

Values are means*SD. BSA: body surface area, BMI:
body mass index
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Y7 A (Tg) 2 A7 (model 409]G, Yellow Sp-
rings Instruments, Ohio) & 43°f(chest, forearm,
thigh, call) F-2slo] Z7gst & vh3a) 22 F-4lel| <3|
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Fig. 1. Temporal changes of skin and esophageal temperature during thermal stress. #: p<0.05, between two groups.
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Fig. 2. Comparison of hemodynamic changes during thermal stress. *: p<0.05, between two groups.
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Fig. 3. Changes of echocardiographic parameters during thermal stress. *: £<0.05, between two groups.
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Fig. 4. Comparison of subjective symptom scales during
thermal stress. =: p<0.05, between two groups.

Table 2. Comparison of autonomic response during thermal stress

Condition Baseline 10 min 20 min
Mean HR WBI 750% 169 84.5+ 20.5 102.6+ 20.2*
HBI 75.6+ 134 799+ 17. 921+ 19.6
Mean RR WBI 841.5+177.1 757.8+173.5* 610.0+118.5*
HBI 819.9+120.7 783.9+131.3 677.2+118.2
SDNN WBI 72,6+ 265 89.3+ 247 43.1+ 29.4
HBI 723+ 278 90.5+ 21.3 482+ 21.3
rMSSD WBI 50.1+ 19.5 417+ 164 30.8+ 23.0
HBI 445+ 159 407+ 16.8 27.4+ 10.3
PNNS0 WBI 259+ 16.4 178+ 143 65+ 89
HBI 18.5+ 13.2 164+ 143 63+ 57
Ln LF WBI 68t 1.1 71+ 09 60+ 1.7
HBI 72+ 09 68+ 07 59+ 15
Ln HF WBI 65+ 13 61+ 08 47+ 15
HBI 6.5+ 1.1 59+ 09 47+ 1.6
Ln HF/LF WBI 0.3+ 0.6 09+ 0.4 1.3+ 0.7*
HBI 0.9+ 0.7 09+ 0.6 1.2+ 07

Values are means=SD. *: p<0.05, between two groups. WBI: whole body immersion, HBI: half-body immersion, Mean
HR: mean heart rate, Mean RR: mean of all coupling intervals between normal beats, SDNN: standard deviation of
all normal R-R intervals over 10 minutes, rMSSD: square root of the mean squared differences of successive NN
intervals, pNN50: percent of differences between adjacent normal RR intervals more than 50 ms during 10 minutes,
Ln: natural logarithm, HF: the power spectrum of high frequency, LF: the power spectrum of low frequency
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