Sympesfium: HIGH SUSTAINED G FORCES
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HIGH SUSTAINED G - AEROMEDICAL ASPECTS
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ITHE potentially disabling effects
of G forees on alrerew, viz., grey out,
black out and loss of consciousness
(LOC), are well known. Aircrew have
been exposed to +Gz forces for decades.
However, G-induced loss of conscious—
ness (C-LOC) lLias emerged as a  premier
human factor challenge to those who fly
widern generation aircraft. Besides
senerating and sustaining G forees far
in excess of what the human bodv can
tolerate, new clectronic flight control
systems allow high Gs to build up so
rapidly that aircrew may lapse into
wnconsciousness without passing through
the stages of grev out or black out.

CASE REPURT

Aoecase of G-LOC in a Vajra pilot of
Indian Air Force (TAF) came to light
during a recent anonymous questiomnaire
study,

The exercise was medium level prac—
tice interception culminating ina 1-
Ve—l situation vn visual pick up. The
target was a lrainer and the attacker a
fighter. The trainer was flown by a
‘student pilot from the [ront seat with
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his instructor in Lhe rear. The first
Lwo  engagements were uneventful. For
the third engagement,Lhe instructor was
on the controls. He initiated & hard
turn in which the & quickly peaked at 7
+Hiz. The student pilot crouched Forward
and performed the straining manoeuvre
but nevertheless experienced a grey out
and narrowing of vislon. The instructor
relaxed the G ‘almost completely and
turned to the other side.The pupil thed
lay back in the seat wllh his head
against the head-rest and looked baclk
in an attempt to locale Lhe Fighter. At
this stage, the dinstructor once again
iniriated a hard turn ko the right and
upwards. The pupil was unable to crouch
forward. Ile attempted the
mangeuvre but ecould ool perform it
correctly due Lo lack of anticipation.
He fell Lhe onset of grey out and soon
lost consciousness. The extent of T.0OC
was probably about 10-15" sec. It took
him another 4-5 sec to come out of the
state of almosl total disorientation.
After recovery, he found his head slum-
ped forward and felt twitching in his
arms. Shortly thereafter, he was given
the contrel and carried out a noriea]
recovery to bdse.
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No post=incident aeromedical eva-
luation could be undertaken as it came
to light much later during the anony-
mous questionnaire study after frequent
discussions/indoctrination., It Is ob
vious Lhat similar cases are not
reported immediately after the inci-
dent | due to the fear of pgrounding.
The aeromedical response to this prob-
lem thus should be education rather
than medical disqualificatlion.

The most probable cause leading to
C=10C In the above case was the abrupt
onset of 402 when the pupil pilot least
expected 1L. lle was thus not able to
perform  effective straining manceuvre
which is mandatory to sustain high +Cz.
A contributory factor may be pliysical
exhaustion due to the high +0z during
the first two engapgements which fati-
guedd him and hampered his ability to
perform effective and timely anti-G
slraining manoeuvre during the third
Engagcment .

HUMAN TOLERANCE

Tolerance to high sustained ¢ (HSG)
varles from Individual to individual
and in the same individual, to some ex—
tent, from time to time. High haemody-
namic tolerance has been reported among
motivated persons utilising different
means of protection, e.g., +8 Gz for &0
sec, 19 Gz for 45 sec and +10 Gz for 40
sec (6).

Tolerance to HSG is measured as the
ability to endure specified levels and
durations of exposure to H5C , (a) with
maximum of 100% peripheral light loss
and 50% central light loss / dimness,
(b) without occurrence of serious car-
diac rhythm disturbances or hearl rate
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(e} without

exceeding 200 bpm and,
complete subjective farigue.

SUBJECTIVE EFFECTS

G=induced 1Toss of consclousness Lg
one of the serious challenges faced by
any modern Alr Force. The victim of

C-LOC doea not recollect thae

event .

usually

Petechial haemorrhages are noted in
parts of the lower extremitiecs nol
covered by anti-G sult. These are pain-
less  and disappear within a few days.
Whether haemorrhages of any signiflcan-
ce occur in other organs 1s not known.

Mild to moderate pain in the left
forearm is reported after sorties inve-
lving U5C. There may be associated
petechial haemorrhapges 1in the laft
forearm which are painless and last for
a few hours. These have been observed
in a Vajra pilot on two occasions when
he pulled 8.5 to 9 €,

Minimal ovedema of feet may occur
due to prolonged high hydrostatic pres-
sura.

Incidence of neck pain in pilots of
aircraft with HSG capability has been
increasing. Persistent discomforl may
cause precccupation and distraction and
may interfere with performance. The
pain may appear in both dcute and chro—
nic forms. It may occur when a pilot
while pulling a high G load 1s also
turning his head. Vanden-bosch reported
a case of subluxation of C4 vertebra
with probable discal hernia in a
Belgian Alr Force pilot whose head haid
turned under acceleration during Flight
(8). Weight of the Fflying helmet is
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the principal cause for cervical pain.
Approximate weight of tie head and neck
upto C€5-C6b vcan be taken as 4 Kg. With
the equipment on head weighing 1.7 Kg,
the load at €G5-0h will he 2B.5 Kg al
30 and 51.3 KEg at 9 G

When Ll neck is bolted during wailt
tor a N&ti, the ecervical spine pecfectly
resists an acceleration of 8 to 9 G.
From 5 G onwards the head, surprised by
an  atticude other than the position of

bolting, will have an apparent welght
of 30 Kg or more and the head movement
I going te be pursued till braked by

anolbomleal formatlons. One can eénvissage
the sudden occurrence, at 8 to 9 G, of
lesions like cervical sprains, especia-
1ly 4n & trainer airerafr, when one of
the pilots is surprised by the manceu-
vre. 5S5imilar aetielopy ecan cause back

ache in any region of the spine. Thus,
It 13 Indispensablé that the pilot
maintaing his resisgtance and develops

hls spinal muscles. Morcover, the ideal
solution for cervicalgia during HSG is
the development of an extremely light
weight helmer with a low resultant
centre of gravity.

Sensory illusions during build up
and decay of -acceleration are known.
Digorientation problems which persist
for several hours and upto a day after
HSC have been described (9), These are
due to disadaptation of vrgans of equi-
Iibrium at cessation of stimulus. How-
ever,the hypothesis of minor lesicns of
otolithic organs cannot be ruled out.
It has been described that under HSG,
ir is diffienit to perceive and main-
tain the neutral position of the stick.
Thus, when the p'I]u]'_'luuics outside, he
has a tendency to tilt the stick towa-
rds the side of his gaze or to push it
if he is looking downwards.
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Fvaluation of performance ls impor-
tant for flight safety and conception
of pilot aireralft interface. Centrifuge
studies by US Navy show that there 1s g
decrement of menlal perlormance (choloe

rcaction time and simple computation)
lasting up Lo Lwo minutes after LOC. It
has also been demonstrated that there
is & rapid fall of performance In trac-

king tasks after 6 Gz.

OBJECTIVE EFFECTS

Cardiovascular Effects

Sustained accelerations of  high
intensicty have given rise to a new risk
af cardiac rhythm abnormalities. Up to
+5 Gz, the vrhythm anomallies observed
posc wvery little problem. However, from
+7 Gz upwards the extent of ventricular
excitability makes it necessary to re-
cognise Lhe rhythmogenie nature of HSG.
Dysrhythmias observed under IS are as
Tol lows:

a. Sinuscidal Rhythms

i. Sinusoidal tachyecardia @ AL
low G levels, heart rate can be
directly correlated with level
and duration of +Gz expusure.
At H5C, the C — heart fate Iela-
tionship s less discernlble as
a maximal heart rate of about
200 bpm is reachad at ralatively
low G levels, viz., +7 Cz.

1i. Sinusoldal bradyecardia and
bradvarhvthmias (occasionally).

iii. Sino-auricular blocks and

juneLional rhythms,
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b. Disturbances of auriculo-ventri-
cular (AYV) conduction. AV Block
(T, Il or III depree)

of auricular exci-
fibrilla-

c. Meturbances
tability - Auricular
Lion

d. Disturbances of ventricular ex-

eltabllity - Ventricular extra-
systoles
The mechanlisms which induce rhythm

disturbances during acceleration have
been widely debated. Some of the possi-
ble mechanisms postulated are

pechanical role of deceleration

on posltion of hearrt,

= ddwInution of coronary supply,

= reflex slowing of sinus pacemaker
due teo strainineg manocuvres,

= right auricular distension,

= increase 1in sympathetie adrener—
gic activity, and

— neuro—-vegetative  disequilibrium
witlh increase in vagal tone.

The rtole of dysrhythmias in limi-
ting tolerance te HSG is not defiaitely
known. Thus, when dysrhythmia is accom—
panied by CG-LOC or a bad tolerance to
acceleration, it Is not proved that the
former is responsible., It appears thal
there 1s a common cause Lo hoth these
phenomena. However, the risk of dysrhy-
thmias especially VPBs cannot be under—
estimated. laemodynamically, when fre-—
quent VPBs appear suddenly in a pilet,
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Timi el
supply, he ecan
black out or even lose consciousness.

who at 7 or 8 G has already a
central ecirculatory

Bespiratory Elfects

Exposure to levels of +7 to 49 G=
for 45 sec combined with anti~G suit
inflatlion, especlally in smokers, 1s
sufficient to produce regional compres-
sfon atelectasis and/or alrway closure

without having to iovoke rapld absor
ption of oxypen distal to occluded
alrways which 1is necessary at  lower

there are
atelecra-

acceleration levels. Thusg
more chances of acceleration
sis under HSG.

Pathological Effects on CVS

I'ne occurrence of pathology in a

human analog (an experimental animal
with H5G  responscs similar Lo man)
cxposed to HSG, Ltolerahle to both man

and the experimental animal, has been
investipgated using adult wloniature
swine (2). Conscious plgs serve as

adequate lwman acceleration pathophy-
siologic model because they have simi-
lar yascular hydrostatic c¢olumn length
as man, perform -1 manosuvre during

Hiz resulting in simllar arterial pres—
sure responses at eye level, and have
similar acceleration tolerance levels
wilhh and without anti-G suit 4infla-
tions.

Burton and Mckenzie (3) reported
subendocardial hacmorrhage and minor
cardiomyopathy (myofibrillar degenera-
tion and myvocardial nectrosis) in mlinis—
ture swine exposed to +iz stress. These
observations stimulated concern that
gxposure Lo sustained high ¢ stress
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aircrew
subjects.

migrhi
and human
Laughlin (5), In a review of the avail-

cange cardiac damage in
experimental

able 1iterature, c¢oncluded that +Cz
cxposure poses no significant risk for
cardiac damage in humans. Three primary
considerations led to this conclusion :

{a) The lesions in swine probably
result from very high levels of
both sympathetic adrenergic tone to
cthe  heart and elreulating  plasma

catecholapines (CA) scting on  the
cardiac cells. Most of these CA
appears to be releascd as a result

of the overall stress involved In
exposing conscious minfature swine
to <Gz on the centrifuge and not
directly as a result of the 4Gz per
ge.

(b) +Cz ecxposure is not as psycho-
Jogieally stressful  for  humans.
Thus CA levels (cardiac or svste-
mic) 4in men exposed ta +Gz were

found to be much less as compared
Lo miniature swine.

{c} A& large number of e¢linical
cardielvgic data (ECG, thoracic

radicography, phonocardipgraphy,
systolic Lime intervals and VOG)
available from the humans who have
been exposed to +0z stress does not
indicate any degree of vardiac
damage. However, all the techniques

mentioned above would not be able
to detect limited  Thistological
lesions observed in  experimental

animals.

There remained Lhe possibility that
cardiac damage was occurring but at a
level undetectable with available tech-
niques. The strongest arpument against
this possibility was the rteport (4)
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concernlng 4 veolunteer for a study
programme of HSG in centrifupge, who was
fatally 1injured in a traffic accident.
For the preceding two years he had been
exposed 142 times to +7 Gz, 18 times to
+ Gz, & times to +9 Gz and 18 times to
+10 Ge. He had been exposed at least 15
times to +7 Uz in the menth prior Lo
his death. Histological study of myo-
cardiuvm of this individual did wot show
any evidence of high & stress cardio-
myopathy. This one case comblined with
all existing clinical and experimental
data, indicate that operational levels
of the stress do not provide an envi-
ronment which will couse cardiac damage
in normal humans.

A recent echocardlographic atudy 1in
France (personal communication), how-
ever, revealed the presence of sipni-
ficantly more frequent right ventricle
anomalies (right ventricular dilatation
and mitral valve prolapse) among figh-
ter pilots as compared to transport
pilots. This was probably due to long
term effects of combut aircraft accele-
rations. The hypotheses put forward
were ¢ (a) simple adaptation of right
ventricle to acceleration; {b) early
myocardium disorder.

It is concluded that strict medical
fpllow up studies and a comparison of
the results with ether studies will
perhaps bring forth an explanation for
these findingsa.
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