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Background: This experiment was designed to examine the involve-
menl of the autonomic nervous system in the production of hyperbaric
bradycardia. Methods: Four male divers were exposed to a He-O, (he.
liox) environment at 24 atmosphere absolute (atm abs) for 7 d, The hean
rate (HR) and respiratory rate were recorded at rest in the mornin (0700
ht and at night (2230 h) on l d during a 5-d predive control, 2 dgduring
a 7-d saturation dive at 24 atm abs, 2 d during decompression and Qn
1 d during a 4-d postdive period. Cardiac sympathetic and l -
thetic aciiviiieswere estimated by using a spectral 8fl8lySlSe)éi'rlal'?t>;"\:¢E!)fal-
ability of R-R intervals. Results: The morning HR did not fluctuate
Bhgtgugtlioutl125/experfimentalddays. The night time HR decreased lp <

- y. onteirstaat24t b d 'thh f
the predive conotrol. The bradycgrdia dlf‘?llri?lS?1t3ii gfgglifilfy aiid reiuiht-it
t0 the predive level with continued exposure at 24 atm abs. The high-
lfequepcy power of the cardiac variability, an index of cardiac parasym-
pilhellc acllvlly, increased (p < 0.05) only in the first night at 24 atm?res,uwhereas the low.-frequency power and a ratio of low- to high-
Chélnggg)’ é_J(<J):C¢;‘t;sI%r;| tnaifix of cardiac sympathetic activity, _were uné
paras m h _ _ _$- e present results suggest that an increase
it is Y Pat etic activity rather than a decrease in the sympathetic activ-
dlve :52P°"5Ib|e for the bradycardia on exposure to heliox dry saturation
brad C :_H1t_n abs. The mechanism of the gradual disappearance of the
memyoejr iadis unknown, but perhaps it may be related to the develop-

car iovascular deconditioning.

TLulri ZVIDELY KNOWN that exposure to a high pres-
animalS?g’1;¢iIg1nent induces bradycardia in humans and
gemndepérid .16). Also, both oxygen-dependent or oxy-
called h bent factors are operating to cause ttus so-
bradycarigigrbaflc bradycardia (9). I-lyperoxia causes
l11,1gj_ Re _ Oth at the sea level and in hyperbaria
Sure, and i’g“§'t°1'Y inert gases, high environmental pres-
gen-indepeng 83$ density have been proposed as oxy-
radycardi eflt factors (9). Whatever the reason, the

astivity onatficcdrs via the effect of autonomic nervous
altributable e -‘fimus node. That is, the bradycardia is
$5‘ increasedto elther a reduced sympathetic activity or

g\yperbariaParasympathetic activity during exposure
Pestr 1 ' .

gs all im?e;inalY515 Of cardiac variability has been used
Eutonomic ngahve tool for the estimation of the ¢flrdia¢visied that lorvous aCtivil'y (2,4,7,13,14). It has been stig-Ilabllityi w-frequency (<0.15 Hz) power of cardiac
ADM 5 associated with both sympathetic and para"

l0",

ace‘ and E'"’lF0riniental Medicine ~ Vol. 69, N0. 7 - Iiily 1993

Sympathetic activities 1,2,4,1 ' -
(>015 Hz) power is ElSSgCla[Ed7g;<C?Ul;?VGi1;g\h1Tli:;eEl;llFCli§);
Pa1'a5YmP8lhetic activity (l,2,4,71314l7) The ratio of
low" and hi8h‘fF€quency power’ associates closely the
5YmPath9li¢ asfivity (12-14). The present study there-
f0r€, 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-
patldiehc nerve activities in the pressure-induced brady-
car ia.

METHODS
Subjects

Four healthy males, 27 i 3 (mean : SE) yr, 63.9 : 3.5
kg in weight, 173 i 3 cm in height and 11.9 2 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 risls.
Dive Profile and Enviroimieiital Variables

The dive was carried out in a hyperbaric chamber (7.5
m long, 2.3 m in diameter) at JAMSTEC, Yokosuka, Ja-
 l _ . . . .tof Ph siolo ', School of Medicine, University
of u2ii:icifa}l::a‘i1nd1‘i§nvironnh,entalgl?lcalth, Kitakyushu, Japan (F. Ya-

zaki PK Shiraki S. Sagawa, Y. Endo. R. Torii); Marine Development
ma Ih artrdent japan Marine Science and Technology Center,
Refarcka Japan (H. tzamagucki, M. Mohri); and Department of Physi-Iggzsuunivegity of Hawaii, ]0hn A. Burrs School of Medicine, Hono-
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Fig. 1. Dive profile and chamber gas partial pressure. Arrows |||1rt|cate
where experlnienrs. were ('0nt|u(:tt'(|. TA: amlilent temperature, r I. rt a-
llve 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 i 10%, respectively. The
chamber pressure was raised to 24 atm 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.] 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 1 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 ll 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, it-R intervals through the standard ll lead from
electrncardiograph and respiratory rate measured w't|
a ih(_'l'lfliSit)l' probe attached to the nostril, were me"is | ei
during the last 10 min. The output signais of the ‘lautrc
cardiograph and thermistor were recorded on 1 S Ltc ro-
corder (RD-111T, TIZAC, Tokyo, Japan) ‘ “ “ '°'
A nnI_i/ses

Spectral analysis was erf .d b -
spectral density analysis Ipro;?:.i?ii of l¥']‘{lsilI'\1lE} a vowed.
a ility (Vital Rhythm 98, NBC Medical 9y8k_ml;Var0\;<ari.
Japan). A fast lfnurier transform was used to .én]¢(|]¥?c'
the power spectral density The time st.m._, M R R . ‘
vals were interpolated at 2.111. by ,1 Lqgraggo in.“rl]:;"r'

. \ a_
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1 Ii'I' /\l
‘ 9-utlve data over 256 ti w. _I10" "‘"““’d' ("WM . -‘ t‘-rformed b. ”""‘>t‘dtmll nnalyueii wcrt. p. clwc-en (Hfllifliyttilh A v I I l 0 r |

"ml 0 '3 Hz. A frequency range )t.€)W(LlI1(i.03 ||'/landolé" , . r -r uenc ant 1 . P
H’ ""|m"“'"m lt-ht limty tLl hi Yhl fre uh‘ mug‘ b‘-'lWt‘!'Ytr ||7, mid U..: If/, tit‘ l f, q -“CY bi1nd,and0.I.i , , ,
rniigt: between 0.03 and 0.5 ll/. for the total I,-cqucmg
band.

Statistics
A two-way analysts of variance with repeated mm

sures was used to t'est'for [Vt/(])1t!“(.:CiS. pressures and time
of the day. W119" 9'ii"'f'cam rlamlw “filer” °bt‘“"@d,leas¢
significant differerices were ca cu ate for eompmsom
between means. 'lhe mill hypothesis was retccted whm
P < 0.05. Data are expressed as means: SE.

RESULTS

Average HR was decreased (p < 0.05) only at the tim
night of exposure to 24 atm abs (Fig. 2). Morning Hg
was constant throughout the dive period. The HR mg
significantly (p < 0.05) on the second day at postdiw
control.

Changes in the spectral density of cardiac variability
over the experimental periods are shown in Fig. 3. Tout
and high-frequency power increased on the first dayot
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-frequenry
power increased at the third morning during the satura-
tion period, and increased again on the second dayoi
postdive (p < 0.05). The ratio for the night time remained
unchanged throughout the experimental days, exceptfoi
a rise (p < 0.05) on the second day of postdive period

Respiratory rates were 13.6 : 1.4 and 18.1 : 3.1
breath-min"' in the morning and at night during pm-
dive period, respectively. The respiratory rate did not
flugtuated significantly throughout the experimeatalpr
rio .

DISCUSSION
_The major finding of the present study was thatli"

hlgfhfrequency power was increased at the first n18h'f
which corresponded to a lowered HR. This 50885:’

'0 ':.;:.':::.- [*8--M-;-c [ff .1 Q"?
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‘limo, day
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Hg. 2. Time course of HR chan ‘es during dive, Values an.‘ mo ..
SE7 '0 < 0.05 from predive value.b
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that the bradycardia was related to an elevated vagal
activity. _ _

We failed to observe bradycardia in the morning
measurements. Wada et al. (20) observed a p_rofou_nd
bradycardia at night during a H0-O2 Sillumhl-fn dwe
at 16 atm abs. During predive period, the morning HR
was already very low, 49.0 1' 2.4 bpm. it is possible,
lhefefofe, that we may not observe a further bradycar-dia at hyperbaria. Hayano et al. (6) performed hourly
P°WEr spectral analysis of heart rate variabilities be-
“teen 0700 and 2300 hours in supine resting men, and
?Il\l;\;IEd that vagal control of the heart was lii3h_°r
late af$ell1['i0rI1ll'lg (0700-1200 hours) ilign duplgissu _
gest _ oon (1900-2300 hours). Our ata a s 8
withathh'8h9f vagai control in the morning C0mPMed

at at ni htT 8 - .
tr@qt:3€:adY¢8rdiac response and the increased high-
Period dz’ Power at the first night of the saturationf
Pressure creased gradually throughout the period 0
lropic adexP°§ure. These results suggest that a chrono-
lo a hy aPtat_1°I\ Occurred during prolonged exposure
Hssociagiliél-rlc Environment, and the adaptation W115

The Inech In-1 the vagal traffic. _
°l1ow. to h.am5m of a slight but significant elevation
243011 ab 1.gh'fY@quency ratio in the third morning atcardiacs S15 unknown. It may indicate an increased
an‘? of h};,ng§al§h@_liC activity that causes the disaPPear'
Ammo F aric bradycardia during the morning-

it - S
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HR in , . - .
“.muhQ ggfiliizgcgllrtpg |1t)Sl(ll\vU period in agreement
The mochm_ _-\PLl'll‘tlL‘nl.S at 16 and 31 atm abs (10.20)

_ . ism is not ¢|. ,_ _ 'conhncnwm in mob I iiar._liowi-tcr, aftcr a prolonged
. er >1 - -‘ -dm may be mm _ i )P I ric tux ironment the ta_chy¢-.ar

(MOIU). L_ H to the cardiovascular deconditioning
in~tl. -. . . --Of Bl, adiusmtuna‘ dull) haxc obst r\ ui a l't.(ltlCL(l ability

urin ' 1 - . .abs cmimnm ) 3, i head up tilt under a 31 atm
that l ‘ L_nt' and during postdive. They concluded

ll‘ ¢*"dl0\1<ciilir " '- ti \c i l tsuggested um if i L oi t I ionintl occurred and
. ie liypovolemia resulted from a er-sisti ' ' . .‘ . P .b ng diuresis and prolonged inactivity were res musi-l . . . . . I .Q lafenlhellcflll). it is well recognized a sustained di-uresis in iflierbaricri‘ t--.- ,-,abs (8). YP Ll1\ll'0I'lmCll grt rtcr than l atm

_hll C_°"¢ll15i0n. the decrease of HR was ob-'.erved at
Trug it in the early stages of saturation period at 24 atm

;1bs.dThe cause of the bradycardiac response may be re-
, . . . .1te_ to an increased parasympathetic activity in hyper-

baric environments.
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