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ABSTRACT

In 5 subjects exposed to a pressure equi val ent of 250 feet on air, the peak
exerci se heart rate was reduced by 38%of that attained before pressure,
while with atropine the reduction was 24% It is suggested that the
bradycardi a of i ncreased oxygen pressure synergi ses with that of increased
nitrogen pressure, to produce this reduction. The relative increases in
conductiontimew thinthe heart structure nay be dueto nitrogen absorption
and the ventricular myocardium may be relatively nmore affected in
conditions of atropinisation.

| NTRODUCTI ON

Evi dence has been accunul ating that, at increased pressures of nitrogen and inert
gases, the pulse rates of subjects in both resting and exercising conditions have
been depressed. 1 3. 4 11 Sone inert gases such as xenon, exert this effect even at
at nospheric pressure?2, The exact nechanism of this action has not been fully
expl ai ned and the use of the el ectrocardi ogrammay be able to clarify the position.
It iswell established that oxygen breat hed at one or nore at nosphere’s pressure wil |l
exert a depressant effect on heart rate,> 6 that is vagal in origin.7 It was the
present intention to carry out an investigation of the pulse rates of resting and
exerci sing subjects at 8.5 atnospheres absolute in Air and to obtund the effect of
the increased partial pressure of oxygen, by the administration of Atropine. The
results fromfive subjects provide the basis for this prelinmnary report.

METHOD

The subj ects were heal thy unconditioned civilian volunteers aged from24-34. The
experinmental conditions were as near as possible identical for each of the runs made
by the 5 subjects and any undue apprehensi on was overconme by the nmen diving as
attendants for other subjects in the experinent.

The El ectrocardi ograns of the subjects were nonitored from four MRC silver disc
el ectrodesfixedtothelinbs, giving6clinical | eads by direct recordi ng on a Sanborn
mul ti channel UV recorder. Pul se rates were recorded from a Devices R R wave
i nst ant aneous rate nmeter, and exerci se pul ses counted fromthe paper record of |ead
.

A 500 cubi c foot chanber was used for the runs, the dept h bei ng 250 f eet gauge pressure
and rate of descent 63 feet per mnute. Time at pressure was 20 mnutes and
deconpression time 1 hour 41 m nutes, oxygen by mask was given for the | ast 10 f oot
stop of 25 minutes. Exercise consisted of a mnutes’ toe touching fromthe supine
position at the rate of 40 per m nute by netronone. This may be cl assified as severe
exercise. This was selected in preference to a bicycle ergostat or genini rubber
cord exercises, as it also involved a positional change from supine to past the
vertical of the trunk and enabl ed a qui cker transition fromexercising to conplete
rel axation.

The exerci se sequence was rest for 15 m nutes, exercise for one mnute, foll owed by
a further period of rest of 7 m nutes before the start of conpression. At 13 m nutes
fromstart of conpression (ie. after 9 mnutes at depth) afurther mnute’'s exercise
was followed by conplete rest till 13 minutes after reaching surface. Conplete 6



| ead traci ngs were taken, at rest before exercise. |nmmediately post exercise, and
2 minutes, 4 and 6 m nutes post exercises. At all other times, slow speed |ead |
nmonitored the ECG Pulse rates during rest were taken every ninute, and every 15
seconds post exercise for 2 mnutes.

The mai n t ask of the attendant who acconpani ed every subj ect was t o ensur e t he subj ect
was adequately covered with warmcl ot hing before deconpression and to fix the BI BS
mask on t he subject at the 10 foot stop. The attendant ot herwi se was at |liberty to
nove and occupy hinmself as he wished. The significance of this will be discussed
| ater.

The second section of the experinent required the subjects to repeat the dives after
receiving 0.6 ng atropi ne sul phate intravenously inmediately prior to the initia
rest period.

RESULTS

The results indicate primarily pulse rate val ues before exercise, at the peak of
exerci se and at 2 minutes post exercise, on the surface, at 250 feet and on return
tosurface. Wthout atropine, the nean resting val ue pre di ve was 56 beats per m nute
with an exercise peak of 197.

After 9 mi nutes at 250 feet, the nmean resting pul se rate was 55 wi t h an exerci se peak
of 121, show ng a nean decrease of 38.5% Onreturningtothe surface, the neanresting
rate was 51 beats per minute and on exercise, 183 beats/mnute. Pulse rate val ues
taken 2 m nutes after cessation of exercise were 75 beats/ mnute pre dive, 59 beats/
m nute at 250 feet, and 62 beats/mnute on return to surface.

After an intravenous dose of 0.6 ngs atropine prior to diving, the nean pul se val ues
changed; resting on the surface was 69 beats/m nute, exercise on the surface 182
beats/mnute. At depth, the resting pul se was 67 with a nean exercise val ue of 137
beat s/ mi nute, and a nean percent age decrease of 25%over that on surface. The post
dive resting level was 54 while this rose to 175 beats/nminute with exercise. Two
m nut e post exercise rates were 89 beats/ mnute on the surface, 78 beats/ mnute at
250 feet and 81 beat s/ m nut e post dive. The figures are expanded nore fully in Tabl es
| and I1.

The ECGrecordi ngs were exam ned and the PRinterval s and QT conputed and t abul at ed.
The QT intervals were corrected for heart rate by the formula of

QTC = QT
cycle length

The nean PRinterval for all the subjects ranged fromO0. 152 seconds pre exerci se on
the surface, to 0.168 pre exercise on bottom After exercising, the nean interval
further increased in length to 0.171 seconds, while after return to surface and
exercise, the nean fell to 0.148 seconds.

After adm nistration of atropine the mean pre exercise surface PRfigure was 0. 150,
shortening to 0.132 seconds after exercise. At depththeresting PRwas 0.148 seconds
but after exercise this shortened to 0.138 seconds. Post dive nean value for the
PR interval were resting 0.162 and post exercise 0.149 seconds.

The mean corrected QT on the surface pre exerci se was 0. 368 seconds ext endi ngto 0. 395
seconds after exercise. At depth the mean resting QIc was 0.380 seconds and 0. 388
after exercise. On return to surface, the nean QI¢c resting and post exercise were
0.372 and 0. 379 seconds respectively. Wth atropine the pre dive resting nean was



0.374, extending to 0.399 seconds after exercise. At 8.5 atnospheres, the resting
mean was 0. 393 i ncreasing to 0.408 seconds post exercise. Onreturnto surface, the
mean corrected QI was 0.366 seconds resting and 0.376 seconds post exercise.

Apart fromneasurenent of PRand QT i nterval s the ECGtraci ngs were exam ned for any
irregularity of rhythm |In no subject was any arrhythm a detected, except sinus
arrhymi a and this was noted to be abolished by atropine. Wve anplitude showed no
change of any significance.

During the actual periods of conpressionlasting 4 mnutes, the pul se rates of three
subjects fell inanarked|inear fashion froma nean pul serate precisely at the start
of conpression, of 112 beats to a nean of 62 beat s/ m nute on reachi ng depth 4 m nutes
later. It was subsequently notedthat this conpression-associatedfall didnot appear
after atropi ne had been adni ni stered.

DI SCUSSI ON

From several sourcesl.2,3,11 jt is beconmi ng apparent that nitrogen at pressure and
other inert gases at nornmal and rai sed pressures do have an inhibitory effect on the
pul se rate and cause a resting bradycardi a and decrease in exerci se peak.

Shilling (1936) found in his subjects a drop in both pul se rate and bl ood pressure
at 10 at nospheres of air. Pittinger (1953) whil e usi ng xenon at at nospheri c pressure
as an anaesthetic agent for nan reported a bradycardia and hypotension despite
prenedi cation with atropine. He also found that at 3%ATA, xenon gave quite marked
bradycardi a i n nonkeys. Unsworth, in published work, has found a definite depression
of both the resting and exercising pul se of nen in a 19/81%m xture of oxygen/argon
at 4 ATA.

Hel i umhas al so been reported as havi ng a pul se depressant ef fect by Hamilton (1966).
He not ed a sl owi ng of the resting pul se and a depressi on of the exercise peak i n oxy-
heliumat 650 feet. However, oxygen has been known to have this depressant effect,
both at nornmal (Daly and Bondurant 1962) and increased pressure (Salzano 1966),
causing a reduction of cardiac output of 10-12% primarily associated wth
bradycardi a rather than reduced stroke volune. This nmay be abolished by atropine
as used by Daly and Bondurant or by vagotony as shown by Whitehorn and Bean (1952).
But this oxygen effect was | argely overcone in the experinment of Hanilton by using
a gas nixture containing 1.5%oxygen at pressure, equivalent to 35%at sea | evel.
Pittinger, when usi ng xenon as an anaest heti c agent at at nospheri c pressure, enpl oyed
an 80:20 m xture of xenon and oxygen.

Inthe presented series of divesto 8.5 ATAwith air, oxygen partial pressure reached
1379.6 mm Hg or (1.76 ATA) and this may be expected to exert an effect on t he pul se
rate both resting and at exercise. Wth a viewto elinmnating this, atropine, by
i ntravenous injection, for speed of onset, was used. Exercise before and after
pressure in both atropinised and non-atropini sed subjects, showed the heart coul d
respond to exercise by attaining high peak values but at depth, there was a nean
exerci se peak reduction in the non-atropinised subjects of 38.5% with atropine the
nean reduct i on of exerci se peak was 24. 96% Thi s reducti onin exercise peak at depth,
on initial observation, would appear unexpected. Many factors operate at chanber
pressure that shoul d i ncrease the exercising heart rate above that attained on the

surface. Such factors (Table I11) include:
1. Increased air density resulting in
a) i ncreased resistance to body novenent ;

b) reduction of MW by approximtely 68% |eading to
c) CO, retention with raised alveolar pCO, (Lanphier 1963, Jarrett 1966).



2. Increased thermal stress. (Maxinmum tenperature at end of conpression 45°C)
especially with atropine.

3. I ncreased humidity.

4. I ncreased i nvol untary exertion caused by nmuscul ar i nco-ordi nation attributabl e
to nitrogen narcosis.

To produce a peak reduction, the agents that must be responsible are an increased
partial pressure of nitrogen and an increased partial pressure of oxygen. That the
reduction in peak is greater wi thout atropine, than with atropine, is suggestive of
t he oxygen ef fect bei ng synergistic wi ththe depressant effect of the nitrogen. Both
non- at r opi ni sed and at r opi ni sed exerci se peaks returned to the pre-dive | evel after
deconpression in all but one case.

Fromanal ysis of the ECG the PR interval and the QI interval (corrected for heart

rate) appear to be affected at depth, being prolonged in the non-atropinised dives
by a nean 12.58% and 5.56%respectively. However, the atropinised dives produced
a nmean reduction of PRinterval at depth of 7.55%yet an increase in the QIc of 9. 1%

Thi s di fference between t he non-atropi ni sed and atropi ni sed PRat depthis extrenely
difficult toexplainbut may berelatedtotheincreasedatrial conduction associ ated
with atropine. The increase in the lengthening of the QIc with atropine is also
difficult toexplainbut it nmay be due to the effect of anincreased inert gas uptake
at the greatest heart rate, both resting and exercising, during pressure, attributed
to the use of atropine. Theincreased pulserateresults in ahigher pul monary uptake
and simlarly in a greater nyocardi al uptake particularly by the |arger ventricul ar

tissue mass. It would seemthat inpulse transm ssion between individual cardiac
nmuscl e fibres of the ventricul ar nyocardi umi s nore susceptibletointerference from
ni trogen under pressure than the nore highly organi sed neuro-conduction system

bet ween atria and ventricles. Continuingwork onthese lines using other inert gases
i s being conducted.

The observed fall in pulse rates of three subjects froma nean peak i nmedi ately on
conpression of 112 beats/ mnuteto a nean | evel onreachi ng bottomof 62 beat s/ ni nute,
is, | believe, theretentionin the subjects of sone el ement of the manmal i an di vi ng
refl ex, whichinthese cases woul d appear to act in the absence of water contact with
the face, but in the presence of increasing air pressure. That it is a vagal reflex
is well-denonstrated by its abolitionwi th atropine. No conplications or undue side
effects were noted with the use of atropine. Al subjects reported dry nouth and
absence of sweating, and all were seen to have noderately dilated pupils. Two noted
that the exercise plus the I ack of sweating in the high tenperature of the chanber
(average tenperature at tinme of exercise 35°C) resulted intheir feeling pyrexic but
body tenperatures were not taken in this series. Exercise at depth produced a
pronounced peri-oral pallor in 3 of the 5 subjects but no abnornal feelings were
reported. On questioning at surface, the divers stated that with atropine, they felt
‘more alert’, ‘less sleepy’ and ‘nore energetic’, an effect that may be of interest
for further study.

An incidental finding to enmerge fromthe experinental series was the apparently
greater ‘bends’ risk of the attendant as opposed to t he subject. Conplete rel axation
with slowing of circulation during deconpression, and vigorous exercise after
deconpressi on have been | ooked upon as providing rather poor conditions for safe
bubbl e-free deconpressi onl0.12 particularly in association with maxi mal gas uptake
just prior toleaving depth. In 6 prelimnary dives, oxygen was not used on t he | ast
10 foot stop and from7 attendants, there occurred one bend and 4 ‘niggles’ but no
probl ens of any ki nd fromthe subjects. It is suggestivethat exercise at depth prior
to deconpression, by virtue of increased vasodilatation and bl ood fl ow nost active
during the first few deconpression stops, has a protective function. The subjects
al so, were always nade warm and confortabl e before deconpressi on, the tenperature



during which could fall to 3°Cat the first stop. The attendant soneti nmes negl ect ed
their own confort initially and nay have beconme chilled by the rapid fall in
tenperature, vasoconstriction prejudicing their chances of a synptons free
deconpr essi on.

This ef fect of pul se reduction at pressure represents the influence of only a short
exposure, inthis case 13 minutes. Wether in a nuch | onger exposure the heart and
cardi ovascul ar mechanisms will conpensate for this inhibitory effect is not at
present known, but obviously nust be investigated, particularly inrelationto long
termsaturation diving that has the express intention of enabling hard work to be
perfornmed for long periods at depth.
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TABLE |
RESTI NG AND EXERCI SE PEAK PULSE
RATES ON SURFACE AND 250 FEET

SUBJECT Sur f ace 250 feet - air % Decr ease Sur f ace
Resting Exercise Resting Exercise from Resting Exercise
Sur f ace
JB 50 180 57 100 444 54 110
cC 61 216 53 114 47.2 51 204
TS 54 186 51 114 38. 7 47 204
JT 40 210 49 156 25.7 43 204
U 75 192 65 120 37.5 62 192
MEAN 56 196.8 55 120.8 38.5 51.4 182.8
S. D +11.7 13.9 57 18.8 7.5 6.5 19.9
ATROPI NE
Subj ect Surf ace 250 feet - air % Decr ease Surf ace
Resting Exercise Resting Exercise from Resting Exercise
Sur f ace
JB 75 180 75 138 23.3 51 162
GC 68 180 69 138 23.3 58 168
TS 65 180 68 134 25.6 56 162
JT 44 168 53 129 23.2 45 168
U 95 204 72 144 29. 4 61 214
MEAN 69. 4 182. 4 67.4 136.6 24,96 54.2 174.8
S. D. +16.5 11.8 7.6 4.9 2.29 5.6 19.8
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TABLE |11
FACTORS AFFECTI NG PULSE RATE AT | NCREASED Al R PRESSURE

Air Density a. increased effort of nmovenent (inc

b. decreased MWV -

respiratory)
i ncreased al veol ar pCO»;

Tenper ature Anbi ent ([] rate of conpression) body tenperature

Acoustic stress (L rate of conpression, chanber silencing) upto 130 | bs.

4, Exerci se

5. Psychol ogi ca

BODY WT (g)

CO, production,

Appr ehensi on (central

cat echol am nes, temperature

cat echol am nes)

6. Dr ugs agolytics, tranquillisers, etc
7. I ncreased gas
partial pressure Ni trogen and oxygen
8. Ner vous Vagal ‘diving manmal s’ reflex
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