CARDIOVASCULAR RESPONSES IN PRESSURE BREATHING

Hy
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Pressure breathing s an gniergency meg-
sure to bring the fiyer safely down to lower
altitudes in the event of loss of cabin pres-
surisation at altitudes above 40,000 1. At
these altitndes oxvgen has 1o be breathed
at a positive pressure to prevent the effects
of hypoxia, However pressure breathing
besides causing physical discomfort, leads to
various disturbances in the body mainly by
1ls mechanical effects including cardiovascular
changes.

The most important cardiovascular change
produced by pressure breathing is the dis-
placement of blood from the central pool
to the periphery. The incressed intrathoracic
pressure prevents the venous reéturn from
the peripheral veins to the heart. Since the
arterial inflow continues, peripheral venous
distension occurs and is followsd by cozing
of fluids from the blood into the tissues.
These changes lead to a reduction of effective
blood volume. Fenm et al. (1947) observed
2 reduction in the effective blood valume by
about 8-10%, when breathing pressure of
30 cms. water was applied to the subject in
supine position. Fenn and Chadwick (1947)
recorded a venoconsiriction in the fingers
during pressure breathing and attributed this
to & reflex initiated by the expansion of chest.
Ernsting (1956) also has observed that
pressure breathing causes a reflex venocon-
striction in the hand veins when no counter
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pressure is applied,  In o subsequent work
Ernsting (1966) found that breathing pressure
of 30 mm. and 60 mm, Hg resulted in a
immediate reduction of the ellective bloo
volume by about 190 ml. and 300 ml, res
pectively, when trunk counter pressure wi
employed.  These  reductions  ageravated
after 3 mits. of breathing al these pressures
The reduction of eifective blood volomi
leads to a reduced venous return, and §
consequent fall of cardiac output, Fall ol
cardiac outpul with pressure breathing has
been reported in dogs by William  ang
Horwath (1959) even when counter pressire
was applied wilth partial pressure  suils
Reduction of cardiac output leads (o a reflex
vasoconstriction through its influsnce on the
carotid and aorlic baro receptors, with 4
conscquent rise in mean arterial pressiure.
Aviado er al. (1951) have suggested the exist-
ence of other receptors in the low pressure
region of the intra thoracic vascular bed,
which also may be responsible for increase
in mean arteriz! pressure and cardiac acoe-
leration. We have assessed the cardio-
vascular responses in 400 healthy subjects
by measuring the blood pressure and heart
rale.

Procedure

The subjects for this study were 400 healthy
young IAF Pilots who reported to  the
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Ipstitute of Aviation Medicine for medical
evaluation. These pilots wore medically
examined and sabjected. to ECG and GTT
before they were subjected to pressure
begathing,  The subjects were classitied into
fi groups based on age and body weight
(Table 1}, -Each subject was given pressure
breathing at 30 mm. Hg. and then at 65 mm.
Heg. through a P/Q mask aml a Mark 20
oxypen regulator.  The durations of appli-
cation ol these: pressures: were 3 mis.and 4
mis, respectively.

TABLE 1

Digtribution of Subjects in the varfous age and
welpht proup combinations (n - 395 [AF Pllots)

A in Weight  WNumber of
Graup Years in Lhs, suhjects
Al . 25-35 [0]=130 g5
Al L. 25.33 131-160 213
Aol o T 16 1=1%0 41
Ay L, JE-15 1-1348 4
i 3244 131140 2y
ARy L. 35:43 161-180 11

A recovery petiod of 3mis. was allowed
between Lhe two pressures. Counler pressure
|0 the trunk was employed through a pressure
jerkin, when pressure breathing was done
at 65 mm. Heg, The subjects were connected
to a multichannel polverazh and were

monitored Tor pulse, blood pressure and
respiration. The pulse was recorded by
the ECG electrodes through the bipolar
limb Jeads. Blood presure wis recorded by
indirect method, A capacity microphone
responsive to frequencies from 0.3 to 600
CPS was used (o pick up arterial sounds
over the brachial artery of the subject,
which were recorded on one channel of the
polyeraph, while the cufll’ pressures used 1o
acclude the blood flow in brachial arlery
were recorded by electrodes planted in 4
mercury manometer at intervals of 10 mm.
Hg. each on a different channel of the
polygraph. The criterion used for systolic
pressure was the appsarance of the [irst
distinct wave after release of culf pressure,
The diastolic pressure wus noted when the
amplitude of waye showed a fall by more
than 1/3 of the last one recorded. The
respirations were recorded by & pneumota-
chograph. The pulse rate and respiration
were  monitored  continwously throusghout
the time the pressurc was administered but
the blood pressure was recorded only in the
Ist, 3rd and 4th minules,

Resolts

The mean pulse rates at haseline and at
diffcrent bresthing pressures are given in

TABLE TI
Mean Pulse Rate at Base Line and with Pressure Broathing (n=395 LTAF Pilots)
20 mm. Hg. 65 mm. He.
Group Tiage Line —

I mt 3 .mis; 1 mt. 3 mits. 4 mits,

ALB, 81.1 1062 1007 125.4 139.0 139.4
A;B; B1.1 1011 101.4 123.3 135.9 139.5
.HL;B. Bir.1 o657 98.4 122.1 134.5 134.5
Al 47.5 BE0 105.0 127.3 150.0 |45.0
L -1 e 812 T0M3. 2 95.7 125.0 135.0 [35.7
AgHy _ oy Bl.6 34,1 93.2 115.0 123.2 Iﬁﬂ
Entire Group. gL00 0 1000 9.4 123.4 136.7 135.4
{10 .4) {18.4) (IR.4) (21.4) (229} l;j.-ﬂ

{(Figurcs within brackets are standard deviations,)
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Table 11, Tt is seen that the pulse raie
increased significantly when pressure breath-
ing wis administered; the increase wus
propertional to the magnitude of pressure
applied. The overall increase was larger
in the lower age and weight combinations,
compared to the higher age and weight
EToups.

The mean arterial pressure at base line and
at different times during pressure breathing
arc given in Table III. These pressures

TABLE
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in our records since indirect B.P. recording
gives higher values for systolic and lower
value for diastolic due to changes in blowd
pressure caused by respiration while doing
pressure breathing.,  Values of mean B.P.,
however, are not significantly afected us the
higher value of systolic is compensated hy
the lower value of diastolic,

The respiratory rates showed no significant
vitriation from their base line values in any
of the groups. Since the study did not cover

811

Meun Values of M.AP, (Mean Arterial Pressure) af Base Line and with Pressure Brenthing
{395 JAF Pllois)

Imm. He. 68 mumn. Hg,
Croup Basc Line —

1 mt. 3 mus. 1 mit. 3 ms. 4 mls.

A4B,y 91.4 1095 1090 132.1 131.1 125.8
Ay 94.7 115.0 114.6 134.6 1357 135.0
ALB, 7.0 117.6 117.3 1404 141.8 [3F:9
AR, a94.2 114.2 115.5 128.0 134.2 135.5
A8, 9.6 i15.8 147.0 138.3 137.5 137.3
A.B, 97.1 6.6 116.2 145.5 140, 5 146.6
Entire Group. nL.4 1140 113.3% 135:2 1356 134.4
(8.0) (11:%) (11.8 (13.7) {13.4) (14, &)

(Figures willun bracke:s are standard deviations)

showed & significan! increase above the
basc line in all the groups. At a breathing
pressure of 30 mm. Hg.. the mean arterial
pressure showed an increase by approxi-
mately 70%, of the extra posifive pressure
while at pressures of 65 mm. Hg. the pres-
sure increased by approximately 609 only.
It was also seen that the mean arterial
pressure recorded in the 3rd and dth minote
were nob significantly different from that at
1 minute,

Pulse pressures, although important in
the study of cardiovascular responses to
pressure breathing, could not be relied upon

the respiratory flow patterns, the respiratory
rates per se were considered o be of no
significance. and were, therefore, not
subjected to analysis,

A total of 5 subjects showed 2 tendency
to pressure bieathing colldpse while breathing
at 65 mm. Hg. pressure, wilh counter pres-
sure applied to the trunk.  Pressure breath-
ing was discontinued in these subjocts as
soon as the end poinl was reached. The
criteriz for the end point was a sudden
brady-cardia, andfor a sudden drop in
arterinl pressure.  The pulse rates and mean
arterial prossures  recorded in these subjects
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are piven in ‘Table 1V, In addition to the
parameters listed in this table, the subjects
had profuse sweating and complained of a

TABLE
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was applied in the former. This is accounted
for by the greater reduction of cardine output
due to a reduced venous return partly

v

Pulse Rutes nnd Mean Arterial Pressured nt Buse Line aod with 65 mm. Hg. Pressure
Dreathing In 5 Abnormul Cases

Pulse Rate (Per mi.)
65 mm, Hg. Pressure

Subgeet Base Line  Hesding Enmd point
Mo
1 84 132 ]
b 74 144 84
3 T 132 T8
4 i 9 144 &
- B 144 96

MMean Arterinl Prewsure mm, g,
65 mum. Hg. Preswire

Base Line First End point Time o
Reading collapsc
(mits.}
23 116 13 2.00
109 147 73 3130
) 107 81 .00
100 148 T 2.30
103 158 16 3.00

feeling of fainting and nausea. All these
cases recoversd spontaneously scon  after
the pressure breathing was discontinued.

Discussinn

The cardiac acceleration with pressure
breathing was found to be comparatively
less marked in the older age and higher weight
group subjects. Even though the number
of subjects in this group was only 11, the
deviations assume significance when the
responses At two pressures and  different
time intervals are considered.  Table 11
shows that the cardiac acceleration was
less marked in all the recordings ar both
30 mm. and 65 mm. Hy. pressures. Homeo-
static mechanisms are known to deteriorate
with age. [t s likely that these detenorate
in ohese individuals also. This aspect needs
further investigation,

The mean arterial pressure showed a
relatively smaller rise with breathing pressures
of 65mm, He, as compared to those of
30 mm. Hg. although trunk counter pressure

because of the higher breathing pressures
and partly because of the absence of reflex
venoconstriction in wiew of the counter-
pressure on trunk. This counter pressure
prevented greater distension of the lungs
which according to Ernsting (1956) excites
the reflcx. The arerial pressure stabilizes
after the initial fluctuations. In our series
af cases stabilisation was scen to have been
achieved within the st minutc after the
pressure  breathing was started. This is
imdicated by our observation that Lthe mean
arterial pressure in the Ist minute was not
verv much different from that recorded in
the 3rd or 4th minute.

Pressure breathing leads lo  gollapse
after sometime, depending on the breathing
pressure applied and the duration of it
application. The subjects reporicd in this
paper. developed features of impending
collapse between 2 and 3 minutes afier
pressure breathing at 65 mm. Hg. was com-
menced. The clinical features observed by
us were typical of a vasovagal attack marked
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by & sudden hypotension, bradycurdia,
pallor, sweating and nausea, The vasovagal
attack 1s due to a sudden reduction of intra-
thoracic blood volume due to an intense
arteriolar dilatation in the muscles, Sharpey
Schafer er al. (1955) have postulated that the
large pressure transients which oceur in
the left ventricle during systole, when the
intrathoracic  blood  volume 15 reduced
murkedly, may stimulate receptors which are
responsible for the vasovagal reflexes, The
exeel mechan’sm which leads 1o the sudden
arteriolar dilatation in muscles is nol known,
Ernsting ¢r al. (1960} have observed that
syncope 15 more readily elicited when HNOXIL
is present. This factor could be one of the
contributory causes of syncope, but is not
applicable in the series being  reported.
Severe  discomforr, pain and  emotional
disturbances like fear or dislike for the
situation arc other fuctors which have beey
suggested by some workers,  General consti-
tutional disturbances like intercurrent infic-
tions and post slcoholic effects ulso are
stated to increase the suseeptibility 1o syn-
cope, These (actors, as precipitating canses
of syncope, are not likely in our serjes,
since the subjects refrained from drinking
during the period of their evahiation al the
Institute of Aviation Medicine. Further.
Fepeated exposure to high breathing préssures
on different dayvs showed a similar response
on each occasion. Sharpey Schafer er ol
(1958) have observed that fainting mav he
prevented by raking g = grip of oneself ™.
Muscular fensing and movements can keep
the arterial pressure elevared by increasing

Heferences

the blood in the hearl above a critical level,
Itis likely that a sudden relaxation of museles
due to whatever Giuse, removes the counter
pressure exerted by the muscles and ulloves

4 sudden distension of blood vessels, I

this is the case, contributory fuctors, like
severe discomfort, pain and emotionyl dig=
turbances could lead to « momenlury dis-
traction with the consequent general reliyn-
tion of skeletul musculiure, All the subjects

recoverod spontineously on cessation of

pressure breathing. This alservation is g
mitural outcome of a rapid restoration of
the effective blood volume, Depressurisa-
tion is followed by a rapid fall in the centrgl
VENOUS pressure and a corresponding increass
1 the pressure gradient from . the neripheral
veins to the right atrium followed by a4 rapid
rise in the venoys return.
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