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Background: This experiment was designed to examine the involve-
ment of the autonomic nervous system in the production of hyperbaric
bradycardia. Methods: Four male divers were exposed to a He-O, (he-
liox) environment al 24 atmosphere absolute (atm abs) for 7 d. The heart
rate (HR) and respiratory rate were recorded at rest in the morning (0700
h) and at night (2230 h) on 1 d during a 5-d predive control, 2 d during
a 7.d saturation dive at 24 atm abs, 2 d during decompression, and on
1d during a 4-d postdive period. Cardiac sympathetic and parasympa-
thetic activities were eslimated by using a spectral analysis of the vari-
ability of R-R intervals. Results: The morning HR did not fluctuate
throughout the experimental days. The night time HR decreased (p <
0.05) by 11.8% on the first day at 24 atm abs compared with that of
the predive control. The bradycardia diminished gradually and returned
to the predive level with continued exposure at 24 atm abs. The high-
frequency power of the cardiac variability, an index of cardiac parasym-
pathetic activity, increased (p < 0.05) only in the first night at 24 atm
abs, whereas the low-frequency power and a ratio of low- to high-
frequency power, an index of cardiac sympathetic activity, were un-
changed. Conclusions: The present results suggest that an increased
parasympathetic activity rather than a decrease in the sympathetic activ-
y is responsible for the bradycardia on exposure to heliox dry saturation

:’:3 at 24 atm abs. The mechanism of the gradual disappearance of the
o yeardia is unknown, but perhaps it may be related to the develop-

nt of cardiovascular deconditioning.
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I;ruii WIDELY KNOWN that exposure to a high pres-
animaleng Ironment induces bradycardia in humans and
gen-'m; (59,15,16). Also, both oxygen-dependent or 0Xy-
calleq ﬁpendem_ factors are operating to cause this so-
bradyc yperbaric bradycardia (9). Hyperoxia causes
(11, o, ‘both at the sea level and in hyperbaria
Sure, an eSPiratory inert gases, high environmental pres-
Een-inde 8h gas density have been proposed as 0Xy-
1rad}'carcpélimdent factors (9). Whatever the reason, the

activj 4 occurs via the effect of autonomic nervous
Wriby tab) the sinus node. That is, the bradycardia i
' ¢ o either a reduced sympathetic activity or

‘Nereas ]
o }‘Yperb:rc-i Parasympathetic activity during exposure

Spech-al 1a.
% an inye analysis of cardijac variability has been used
-utong, icshgatlve tool for the estimation of the cardiac
BeSteq ghqp 1o OUS activity (2,4,7,13,14). It has been sug-
iabiji i OW-frequency (<0.15 Hz) power of cardiac
% associated with both sympathetic and para-
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sympathetic activities (1,2,4,17), and high-frequency
(>0.15 Hz) power is associated exclusively with cardiac
parasympathetic activity (1,2,4,7,13,14,17). The ratio of
low- and high-frequency power associates closely the
sympathetic activity (12-14). The present study, there-
fore, was designed to measure R-R intervals over a 25-
d experimental period, including a 7-d saturation period
at 24 atmosphere absolute (atm abs). We estimated the
role of autonomic nervous systems from a spectral den-
sity of cardiac interval variabilities and attempted to
evaluate the involvement of sympathetic and parasym-
pathetic nerve activities in the pressure-induced brady-
cardia.

METHODS
Subjects

Four healthy males, 27 * 3 (mean * SE) yr, 63.9 + 3.5
kg in weight, 173 = 3 cm in height and 11.9 * 2.0% in
body fat served as subjects. All subjects were trained
divers and also served as subjects for earlier saturation
dives at the Japan Marine Science Technology Center
(JAMSTEC), Yokosuka, Japan. The Institutional Commit-
tee on Human Experimentation of the JAMSTEC ap-
proved the study protocol, and all subjects gave their
written consent to participate after being fully informed
of the procedures and possible risks.

Dive Profile and Environmental Variables

The dive was carried out in a hyperbaric chamber (7.5
m long, 2.3 m in diameter) at JAMSTEC, Yokosuka, Ja-
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Fig. 1. Dive profile and chamber gas partial pressure. Arrows indicate
where experiments were conducted. Ta ambient temperature; th; rela-
tive humidity.

pan. The experiment was undertaken from November 3
through November 27, 1995. Fig. 1 depicts the dive pro-
file. During the predive and postdive periods, the sub-
jects breathed normal air in the chamber, and the cham-
ber temperature and relative humidity were kept con-
stant at 25 = 0.5°C and 60 = 10%, respectively. The
chamber pressure was raised to 24 alm abs at a constant
rate of 3 atm abs per hour over 9 h, and the pressure
was maintained at 24 atm abs for 7 d (saturation period).
The total pressure of 24 atm abs consisted of 0.4 atm abs
oxygen, 22.1 atm abs helium, less than 0.005 atm abs
carbon dioxide, and the balance made up of nitrogen.
During the 24 atm abs saturation dive, the chamber tem-
perature and relative humidity were kept constant at 30
* 0.5°C and at 60 * 10%, respectively. The decompres-
sion procedure was made according to the standard U. S.
Navy schedule (19). The decompression required 9 d to
complete.

Measurements

Measurements were made on one predive day, 2 d at
24 atm abs (the first and third days in hyperbaria), 2 d
during the decompression period [the first day (22.6 atm
abs) and the ninth day (1.6 atm abs) during decompres-
sion period], and 1 d during postdive period (the second
day during postdive period). On these days, measure-
ments were carried out twice a day: once at 0700 h and
again at 2230 h. The subject was rested supine for 20
min, R-R intervals through the standard 1] lead from
electrocardiograph and respiratory rate, measured with
a thermistor probe attached to the nostril, were measured
during the Jast 10 min. The output signals of the electro-
cardiograph and thermistor were recorded on a data ro-
corder (RD-111T, TEAC, Tokyo, Japan) o

Analyses

Spectral analysis was performed by usi
5{;&“3""] density analysis program of K-R h?lgur{\‘m (:r‘:ﬁl:
ability (Vital Rhythm 98, NEC Medical Systems, Tok

Japan). A fast Fourier transform was used to ‘c'nlcul)‘:?'
the power spectral density. The time series of R-R im‘ '
vals were interpolated at 2 Hz by a Lagrange interpo(l:;:
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{hod. Consecutive data over 256 6 werg
:11:1):1115'/::;;51.11/(\II analyses were pcr{(:rmcd between 0?13 lﬁiJl
and 0.5 1z, A frequency range )Ltbwccln 0.03 Hy and
[z represents the low frequency fﬂlm s @ range betwt;.n
0.15 [z and 0.5 Hz for thcrnis;_l fruluency band, ang
range between 0,03 and 0.5 Hz for the total frequ%;
band.

Statistics

A two-way analysis of variance with repeateq ey,
sures was used to lusl‘f(_)r twu}effc:cts: pressurm} and fim,
of the day. When significant F ratios were obtained, lezy
significant differences were calculated for compar

between means, The null hypothesis was rejected Wheq
p < 0.05, Data are expressed as means% SE,

RESULTS

Average HR was decreased (p < 0.05) only at the firy
night of exposure to 24 atm a}?s (Flg.. 2). Morning Hg
was constant throughout the dive period. The HR o
significantly (p < 0.05) on the second day at postdive
control.

Changes in the spectral density of cardiac variability
over the experimental periods are shown in Fig, 3. Tot
and high-frequency power increased on the first day of
exposure to 24 atm abs when HR decreased at night
Low-frequency power was constant throughout the ex.
perimental days, The ratio of low- to high-frequeny
power increased at the third morning during the satura-
tion period, and increased again on the second day of
postdive (p < 0.05). The ratio for the night time remained
unchanged throughout the experimental days, exceptfor
a rise (p < 0.05) on the second day of postdive period

Respiratory rates were 13.6 * 1.4 and 181 =3l
breath-min™ in the morning and at night during pre
dive period, respectively. The respiratory rate did nt

fl'u;tuated significantly throughout the experimental pe
riod.

DISCUSSION

_The major finding of the present study was that the
high-frequency power was increased at the first night
which corresponded to a lowered HR. This sugge®
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fig. 3. Total, low-frequency, and high-frequency powers and ratio of
low-to high-frequency power during dive. Values are means * SE; *p
< 0.05 from predive value.

that the bradycardia was related to an elevated vagal
activity.

We );ailed to observe bradycardia in the morning
measurements. Wada et al. (20) observed a profound
bradycardia at night during a He-O, saturation dive
at16 atm abs. During predive period, the morning HR
was already very low, 49.0 = 2.4 bpm. It is possible,
therefore, that we may not observe a further bradycar-
dia at hyperbaria. Hayano et al. (6) performed hourly
FOWE" spectral analysis of heart rate variabilities be-
S‘ﬁ'@e" 0700 and 2300 hours in supine resting men, and
inm:ﬁd that vagal control of the heart was higher dur-
atge aftonoming (0700-1200 hours) than during the

ternoon (1900-2300 hours). Our data also sug-
with thaltg ate ;i\,'gigtal control in the morning compared
frequi:(fadYCardiac response and the increased high-
Period dgcp"‘”er at the first night of the saturation
Pressy e exl'\“-ased gradually throughout the period of
Topic agy l:ogure_ These results suggest that a chrono-
0a PEr}E atlon occurred during prolonged exposure
3530 Aric environment, and the adaptation was
it ec“;lt. the vagal traffic. _
low. 4, -2MISM of a slight but significant elevation

0 .
Hap, hlgh'frequency ratio in the third morning at

Card: S ] .
a;r“llac symls unk{lown. It may indicate an increased
®of j peprabthe_hc activity that causes the disappear-
b aric bradycardia during the morning.
n
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_HR Increased durin
with the similar expe
The mechanism g n

g postdive period in agreement
riments at 16 and 31 atm abs (10,20).
confinement in the hu't c‘li‘ar..huwc.vur, e g
dia may be related ‘) PTr Paric environment the tachycar-
(3,10,11). Lin o 5 ;)()‘ 1¢ cardiovascular deconditioning
of BP adjustment -d( ) have observed a reduced ability
abs environment ml:in?g ; hcnd-up_ bt nder 2 31, el
that 1he Cﬂrdi()\";g l( uring postdive. They concluded
suggested (hat ”. .‘cu ar deconditioning occurred and
sisting dillru;is "(-j hypmvolcm.m resulted from a per-
ble. Parenthet; alll]' prolonged inactivily were responsi-
uresis in g | cally, it 1s well recognized a sustained di-

In a hyperbaric environment greater than 4 atm

abs (8).

t]i{’l‘lcf‘"CllISi(‘n, the decrease of HR was observed at
bb ‘T;n the carly stages of saturation period at 24 atm
avs. 1he cause of the bradycardiac response may be re-

lalc.d to an increased parasympathetic activity in hyper-
baric environments,
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