Positive Pressure Breathing as a Protective
Technique in + Gz Acceleration
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exansed to + G, aceelerstion 1w o assess 1he profection
allorded by 30 mm of Hp Positve FPressure Breathing
(PPE) and anli=g-suit, P P B n eombination with
anti=g-anit provided a  consistent  and  significant
Protection over relaxed tolerance (M e n n lncrense
in tolerance 2.64 4+ 0.494). No serious EGG abnors
malities were seen.

Introduction

The advances in teehnolopy buve made it possible
o desipn und build aircraft eapable of withstanding
higher + G, laads than, the currently availahle
airersll,  In such environment the ability of man w
talerate these logds will depend upon the prorecuve
measures used. Though the protective measures in
use in present day aviation have been adeguate till
noav, these will nut be sufficient in high and sustained
G envircnment,

The wlerunce of an unprotecied man ina +G
environment iz limited by a fallicg perfusion pressure
at-head level, due o the mereased hydrosiatic effect.
All the methods of protection n current usc alm at
increasing the systemic arterial pressure at head level,
Antisgssuic 15 capahle of limited protestion of
125 1.75g, over and above the relaxed human
talerance, Thus to emable the man to cope up with
the capability of fulure generation aircrall sume
additional protective micthod has 1o be used,  Shu-
‘hronkst and Leversl et al?, have found positive pressure
hreathing (PPR) 10 be an effective methed of increas-
ing +G; tolerance, We have undertaken thiz srudy w
derermine the increase in G tolerance given by 30 mm
of PPB ina group of Combart pilos,

Materials and Methods

12 healthy airerew in full fiying medicul cutegory
were subjected to + G, exposures in Human centriluge
at 1AM, Subjects were clinieally exa-
mined to exclude any illness. Their ages ranged
hetween 24-33 vears,

Rangalore,

4 MEK-20A British oxygen regulator wis modifierd
wire locking the manual operadon lever, 30 adto
deliver 30 wan of Hg PPB by operation of on-ofl
switch only. The subject wore a P-inusk and inner
 helmer during PPB and 100%, 0, was wsed lox
The modilied regulutor was Lxed in lront of
The subjects

this,
the subjeet in the centrifuge gondaola,
were indocirinated in the use of PEN,

Peripheral light loss (PLL) was used as end point.
This end point was determined by an increase in
regction time by 2.5 m 3 times the basal value,
Feing aircrew subjects, acceleration exposures were
started from 3g level for finding oul rvelaxed tolerance
{Type I run}. The G-levels were then progressively
raised to determine individual’s unprotecied PLL,
‘I'hen talcrance with anli-g-suil was determined (Type
IT runs), (in the next day, tolerance with aoti-g-suit
and 30 mm PPB was determined (Type IT1 runs).
The rescrion time, g-profile and 3 lead EOG were
recorded concurrently with the help of a G.channel
polygraph &t 10 mm/sec paper specd,

The subjecis wore a conventional 3 Bladder anti-p-
suit (PPR ILL. 822 MG) over the inners. Anti-g valve
was used in ‘High” seiring delivering a pressure of
1.5 (o 1,75 psi per g beyond g level, Onany parti-
cular day the pumber of runs did not exceed 6.
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The rate of onset was lg/scc and deceleration was at
0.1gfsec, Peak G was maintained for 25 Sec, Gilling-
ham and Grump® have reporied that in US AFSAM
centrifuge the human exposure were limited to 7g for
duration shorter than G0 seconds, in view of the
animal patholegy seen in HSG exposures. The pre-
sence or absence of similar pathology in human heing
could not be cstablished despite the use of most of the
available non-invasive monitaring techmgueseg ECG,
VCG, enzyme studies etc. Because of rather unsophis-
ticated monitoring techniques employed in the present
study, in view of the subject salety, an upper limit of
T was impesed.  An emergency switch was provided
to the observer oo o that he conld terminate the runs
whenever required,

Baseline GG records, employing 6 limb leads
and cne chest Jead (Vi) were obtained®, Pulmonary
functions were cvaluated before and alter the runs,
After the expcsures to 4+ Gzand PPB the subjects
were again clinically examined (o look for any swell-
ing around ankles, petéchial haemaorrhages cte, The
subjects were also psked 10 give their subjective
impressiony of the run,

Results

The relaxed tolerance of the subjects ranged het-
ween 3.2 and 4.8 with 2 mean and standard deviu-
tion (5,00 ) of 4,26 and 0.50 g (Table T}, The wolerance
with antil-g-suit ranged from 4.2-6.0g (Mean and s D,
5.96 and 0.28g). The mean increase with anti-g-suit
alone being 1,21, "U'he increase in tolerance with 30mm
of Hg PPE and anti-g-suil ever the relexed tolerance
had a mean and 8§ D, of 264 and (.34 and that
over {ype Il run had a mean and S, D, of 1.43 and
0.33. Intype 111 runs 8 out of 12 subjecis did not
achieve PLL art the cciling limit of 7g.  The increase
could have been maore than the above figure had the
subjects been allowed 1o go (o their FLL levels.

The inereaze brought about in type 1L runs over
type I runs is statistically significant, and so is the
increment brought about by type 11 runcover type
I runs., The T—iesil for increase in tolerance by tvpe
IH runs over type T runs as compared to that by type
II runs ovver type I runsis also significant.  The in-
creass hrought about by type 111 runs over tolerance
with type 11 runs is alsn found to be statistically signi-
ficant (P < .001), The situation in thesc two types of runs
is not similar, asin type I1 runs all the subjects had
achieved their PLL while in type 11T runs 8 out of 12
subjects did not do so.  Therefore the difference in

In

their values is not very large but could have heen so
il all the subjects had been exposed to their PLL level
inype 11 runs alio.

Electrocardiogrom

The changes in ECG observed are tabulated in
Table IT and are not significant, These changes
reverted back to normal an cessation of runs and there
were no subjective complaints from any of the subjecty
on this account.  No correlation could be established
between the level of G and the heart rate al peak G or
between magnitude of G and the increment in heart
rate from basal value?,

Mlogd Pressure
No significant correlution could be established
between G values and BP changes,

Sub fective Impressions and ofinfeal cxamination
after the runs

The results are tabulated in table 111, Subjeces
did pot complain of pain in Lthe ehest or culf nor had
any swelling around ankles.

Four sulijects showed | spot per sg.inch arsund
ope or hoth ankles, 2 showed more than 1 bt less
than 3 spots per sqinch and one subjecr had 3.4
spots per squinch sround both the ankles, Seven
subjects showed petechial hacmorrhspes around Lhe
ankle, four of them had | spat per sq.inch and the
other had spots ranging between P-4 pey sq.inch,
The remaining five subjocts did not show  petechial
haemorchages.,

Five subjects had mild but controllable tendency
to cough either atl the onsel or afler cessalion ol PPB,
hecanse of dryness of throat.  Ooly one subject
(Subject 111) had a marked tendency 1o cough barh
=l the onset as well as after cessation of PPB becanse
of cxtreme dryvness of throat.

Six subjects did not find FPB + G5 Lo be fatiguing,
Ioursubjects found it to” he mildly fatipuing, aller
the rues with FPB. Only subjeet 111 found TTH
tt  he cxtremely tiring and uncomlurteble both
immediately after ag well as later in the day. He
found PPB to be titing because of muscular effort
needed to hreathe apainst positive  pressure while
under +4G . Subjeer V1L alta found PPE 1o be
tiring but attributed it (o excessive sweating and
environmental heat,
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Four subjects did not complain of anv tingling
sengation, Seven subjects complained of mild tingling
sengation on inflation of anti-g suit,  One subject had
tingling sensation on 2od day only.

Discussion

Positive pressure breathing even at g is known
to cause an increased mean systemic arterial pressure,
This is due 1o an increased intrapleural pressure
which is rellected on o heart and big bloed vessels of
Lhoravic cavity.  This increased systemic arterial
pressure is equal to the increage in interapleural
pressure and s 30-100%0 of the positive breathing
presare applicd! and  thus compensates for any
decreased cordine output,

When PRI is coupled with + G, acceleration, the
increased  intravenous  pressure due o hydrostatic
eflect causes an increascd venomotor tone, which
thus will reduce the venous poocling, Uhe latter is
alsn redueed by anti-g suit, Antiep suiv helps Turther
by preventing the descent of diaphragm which would
olherwise have occured with PPB, Thus FPPB when
nsed alonpwith anti-g suit will increase the tolerance
to. + (G, acceleration by increasing mean systemic
arlerial pressure, improved enforced venocus return
and by prevention of deseent of diaphragm. The
results of this aludy have shown this to be true and
sich a combination has shown an inerease of tole-
rance by 2464 4+ 0.54g over the relaxed tolerance.
These results are in conformity with the findings of
Shubironks Jrf,

Since the aircrew at some rime or the other of
their flying career are exposed to PPB and are thus
{amiliar with it, FPB van be more easily learnt and
can becomne less distracting with practice. Also
can be easily complimented to flving cavironment.

Shubrooks Jr* demonstrated a greater Increase In
tolerance by increasing the magnitude of positive
pressure breathed., However, in the present study
30 mm of He PR was uged irrespective of (he level
of Gand these PFB levels are well tolerated even
withoul counter pressure garments.

The RCG chanpes as observed in the present study
have been reported carlier? and have not been consi-
dered serious,
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Conclusions and recommendations
{a) PPB with anti-g suit provides o consistent
and significant increase in tolerance to -+ G,
acceleration,

(b} No dotrimental eftects were gbserved in the
present series ol exposuras.

() Further evaluation of PEB in + G, accele-
ration should be undertaken in an enviren-
ment of freat stross,
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TARLE 1
Results of G tolerance in type T, 1T and 111 runs:

Toleranze with Tolerance with Increase in

= Relaxed s Increasc in b : Taoeal Increase Remarks
E:Ejg [ Ry H'?é:ﬁ:\:;“ Pode e -“E_'"ﬁlgr:!gtf[_H"_Bsqll':_EH I::L"ﬂﬂtl‘:un:‘i[h over Telaxcd Ton Lype
[1ype T run) (type ii run) ivpe IT run ftype 111 “runj type 111 run toleranee 1T rum
1 48 6.0 1.2 7.0 1.0 2.2 NCY PLL
2 3.2 1.2 1.0 6.2 2.0 5,00 PLL
3 4.4 85 1.2 70 1.5 e NO PLL
1 1.8 5.8 1.0 6.7 1.1 2.4 L1
5 4.5 a9.7 L4 7.0 1.3 2.7 NO PLL
5 4.7 ) 1.3 1.0 [0 2.3 NO LI
K 4.5 5.8 1.3 7.0 1.2 SR NO IPLL
8 4.0 S 1.3 7.0 l.Y 5.0 N PLL
] 4.5 5.7 1.2 7.0 1.4 2.5 NGO PLLIL
10 3.7 5.0 1.3 7.0 2.0 3.3 N PLL
11 4.4 5.7 1.3 1.0 1.3 0.6 PLL
12 4.0 5.0 1.0 6.5 1.5 25 Pl
Meun 4.22 h43 .12 6,87 1,45 2.6¢
50 + (L4 + 0.31 + 0.4 + 0,26 F 0,33 + 0,34
{1 for 5 and 7 not significunt. 1 for 3 and 4, 3 and 6 and S and B highiy significant)
TABLE 1II
ECG changes seen in ull the three types of rung
81, Ll di findi -
No. eciracardiogram findings Bemnncks
. Peaked T-wave in type-1 & 11 runs only Mild sinus archythmia in resting ECG
b Acceleration brady-cardia in type-T run only Mild sinus arrhythmia in resting ECG
Fluttening of T-wave then inversion in lead 111 =
in rype-I ron and flat Tewave in lead I1] in
type 11 run.
4, NaD =
5. xAD ==
. Deep 57 and peaked T inlead 11, 11T & V.,
T NAD i
4. Nal e
9.  T-inversien in all leads in all the vypess of runs,
0, T-inversion inall leads in type TIT runs, ==
11. NAD =
i2: T-wave inversion in all leads in all types of Mild sinus archythmia in resting FCG,
TUns.
is AFTATION MEDICINEG
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TABLL

LT

Results of subjective impression and examination after the runs af all the three types

51,
Mo,

e

b,

14,

11.

12:

"an
chest

Nil
Nil

il

Nil
il

il

Nil

Nil

Nil

il

Nil

Ml

Cough

Fatigue

Nil

Mild rendeney o
cougli after TR
due 1o drynessof
throat

Marked rendoncy
to cough alter PI'R
duc to severe throat
dryness

Nil

Tendency 16 coupgh
wlien st bout of
MY comes on.
Later due tn
dryness of throat
Nil

Nil

Nil

Felt urge tn

cough only after
the run as throat
became dry
because of PPD
Felt urge o
cough after the
run due to dryness
of throat with PFE
Nil

Throat becomes
very dry with
PPB & thercfore
every ume PPB
comes on fell like
coughing. No
cough alier the
rum,

Mil
xil

Felr extremely lutigued
immediately afior the
run and later in the day

Mild
il

Ml

Fele tired 3-8 hrs alier
the run,  No fatigue
immediately uller the
risn with PR

Felt moderately fati-
gued and sleepy afrar
e ran with PPB

4-5 hrz after the ran
felt farigued and

yawning selin,

Nil

Mildly tiring with
PPB

Mild fatigne

43 hr# after the rmn,

Sweating and suljsctive

impressions of thormal
envircme

Comtbortable
Comfurialle

Mild swearing & fele
irritation Because ol
heat

Clomlortable
Cormlorialle

Mild sweating but
comiortable

Mild sweating but
within tolerable
litruirs

Sweating was quite a
lot and al one stage
felr like piving up.
il

Sweating only mild
but irritaling

Mild sweartnp

bul tolerable.
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TABLE TIT {Contd.)
Swelling Pelechial .
5L Mo, arotnd haemorr- lingling or Remarks
unkies hixcs pam
1. Nil Nil Mild  vingling every time Felt fatigued 34 Lrs, after the
the anti-g-suit influted. PPL vun, but could carry on the
routine jobs.
A Nil Nil Mild tingling when anti-g- Fatigue with PPB run was less
suit infiated, than thist on fivst day with relased
and woti-pe-suit rolerancs rans,
5. Wil -1 spet per sq. inch Moderste tingling on infla- PPB is very uncomfortable and
around right ankle tion of anti.g-suit ouly on heat nddds 1o it LU i wvery lut-
2nd day. guing.,
1, Nil G- sputs per s, inch  Mild tingling on and ofl PPE ds quite comfartable and i
arvund hoth ankies when anti-g-suit inflated., valuable experience uy one feely
great o hold such high-g-load for
&0 long,
e Mil Nil Mil PPB s o very gond methad of in-
creasing talerance,  Pelt thay |1
conild rolerate o minimum ol 1 g
more, Caen beused inactoal flying.
fi. Nil Nil Mild  tingling  wheneves During PPR run because of swea-
anti-g-suit inflated, ring felt mildly uncomforble but
could carry on. No prablem with
PP as such,
e Mil 0-1 spot around bath Mild tinghing on 2 nd day Wildly uncomlbortable with PPR
ankles every time anli-g.suit  in- because o avcompanying heat,
flated. But no problems with PPB as
such and could curry on.
& Nil 01 spot around It Nil FPB with © when not accom-
ankle aniv panicd by sweating and heal iy
. he O K. but because of heat felr
uncomlortable,
2. il il Nl PPE is quire comfortable. Nu Leurs
i eyes, car drums de halge o,
o pain.  Clarity of vision with
BPE was fantastic,
10, INil U-1 spet per sq. inch Nil Increase in tolerance iz very
around both ankles high und lelt that T conld go for
another couple of runs, T had no
problemmns,
1. il 1-2 spors arcund lt.  Mild tingling when g-suil The PPB run is tiring but increase
ankle only inflated, n tolerance is 3. K. with further
practice onc can got used to it
heat or no heat,
12, Nil I-2 sput per sq. inch Mild tingling when anti-g- Tiredness 4-3 hre. later, Lyt for
around It. ankle only sitit inftated. heat T had no problems.
20 AVLATION  MEDICINE




