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ABSTRACT

To investigate the changes in cardiovascular responses by different breathing frequencies
between a group of seven middle-aged (68 £ 7 years) and five young (21 £ 2 years) healthy
subjects during head-out water immersion. Electrocardiograms recorded continuously data at
four different breath frequencies, 4, 6, 10 and 15 cycle per minute (4C, 6C, 10C and 15C), at
three levels of immersion, head-out navel, breast and shoulder where a given value of end-tidal

Pco,(Perco,) When the subjects spontaneously breathed was regulated in all conditions with

FH Y b AR VEE Vol 23



fixed tidal volume (Vg) of 1.5 L. Beat-by-beat heart rate (HR), stroke volume (SV), cardiac
output (Q ), systolic and diastolic blood pressure (SBP and DBP), and breath-by-breath V and
Pgreo, were simultaneously measured during the experiment. During water immersion, HR
was decreased significantly in young group, whereas HR was not altered in middle-aged
group. By contrast, SV was increased significantly in young group and while these changes did
not reach the significant level in middle-aged group. Consequently, Q showed a tendency to
increase in middle-aged group during water immersion, not in young group. SBP and DBP
were not markedly changed in middle-aged group. These findings suggested that cardiac
parasympathetic nerve activity was enhanced and sympathetic nerve activity was suppressed at
head-out water immersion in young group, otherwise, in middle-aged group, cardiac
autonomic nerve activity would not markedly be changed by head-out water immersion. These
responses were unaffected by the different breath frequencies. Four middle-aged subjects
developed arrhythmias, e.g., premature ventricular (PVC), and premature atrial contraction
(PAC) at higher head-out water immersion. We concluded that increased water pressure during

immersion could induce a higher preload into the heart, i.e., increased Q in middle-aged group,

subsequently might provoke arrhythmias.
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# 1 Physical characteristic of subjects

middle- age height weight  vatal capacity
aged  (year) (cm) (kg) (me)
72 154.1 44.8 2440
B 59 174.0 71.0 4430
C 67 161.2 59.8 2350
D 57 170.6 77.2 3680
E 70 164.4 68.3 3080
F 76 165.2 57.5 2430
G 74 160.0 67.6 2420
Mean 68 164.2 63.7 2976
SD 7 6.7 10.7 807

young

H 19 170.5 57.2 4210
1 19 163.0 65.5 4260
J 21 164.5 80.0 4710
K 23 176.0 74.0 4600
L 21 165.0 54.0 4500
Mean 21 1678 66.1 4456
SD 2 54 11.0 216
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E1 Changes in heart rate (HR), stroke volume (SV),
cardiac output (Q), systolic blood pressure (SBP) and
diastolic blood pressure (DBP) with difference of
breathing frequencies, 4, 6, 10 and 15 cycle per minute
(4C, 6C, 10C and 15C) at dry land condition. Data are
expressed mean + SD. *p<0.05, *#*p<0.01 vs spontaneous
breathing (SP).
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E12 Changes in heart rate (HR), stroke volume (SV) and cardiac output (Q) with difference of head-out water immersion levels,
navel, breast and shoulder. Data are expressed mean = SD. *p<0.05, **p<0.01 vs each breathing frequency at dry land.
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immersion levels, navel, breast and shoulder. Data are expressed mean = SD. *p<0.05, **p<0.01 vs each breathing frequency
at dry land.
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E4 Example of two types of arrhythmias during head-out water immersion.
(A) PVC; premature of ventricular contraction, (B) PAC; premature of atrial contraction
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