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Evaluation of in-NMight G-L.OC

Wg Cdr A Krishnamurthy*  Wg Cdr Harish Malik*

Acromedical evaluation of o case of G-LOC assumes importance as it is one of the causes of episodi.
loss of conslousness (E-LOCsudden incapacitation/ episadic nenrological dysfunction (END), Tl
dilemma is as to whether the problem is physiological or pathological. Evalustion at the Squadros
level is as important as is the evaluation done in o specialised centre. The role of the human centrifug,
assumes Importance in speciulised centres, when evaluating such cases, The disposal of un unex
plained casc of loss of consciousness becomes ditficult and complex especially when an eye witnes.
account is not available, The evaluation and disposal of such episodes of G-1LOWC therefore have to be
dealt within the spectium of E-LOC/END. The current methods, with a specinl emplasis on the rols
of the human centrifupe, in the evaluation and disposal of G-LOC are discussed.
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10O has been defined by Burton [1] ds

‘d state of aliered percepuon wherein ong's

awarcness of reality is shsent as a resulr of
a sudden crivical reducuon of cerebral circwlation
cansed by mereasing G force”. The incidence ol G-
LOC varies 1o anonymouws surveys from 17 8% (2]
ta 120455 [3]. Howover during cantrifuge training it
is found thar 304 have amnesia for the G-LOC
event, thereby implving an incressed ingidenee from
that fuoted above. In-flight LUK of a tully trained
amrerew due 1o an vaderiving medical condition s a
rather infreguent event. However. any condition
causing partial or lemporary LOC carmes 3 greater
significance ip aviation because Of the potendal
cause o [atsl mishap, Sudden LOC is of perenmal
interest 10 geromedical specialists notonly Bacause
of its potential For disasler but also as s stody may
reveal trends amenable (o correction

Implications of G-LOC are far reaching and in-
clude fhight safety. mdeyidual safety. loss of trained
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ianpower und linaneial ogs Though the detua
number is not exactly known aircrafe accidents due
o 3 LOC have bieen observed o the TAF T miake
nublery worse, the payehologisal and physiologica
chunges cecurring afrer the ¢psode reduce the ca-
pability ot the arrcrew and further compromise Qigh
safery. Only by uncovering the etoloey can risk of
recurrenice be defined and i1 is upon this that rec
ammendation for return to lying status rests,

Aeromedieal specialisls louking inta the prob-
e af evaluation of G-LOC have been studying
various climcal parametecs to find out i aiciews
with low-G tolerance can be deiected and eliminaied
[4]. During training feedhack from operational Ty
2 unils to Know the manoeuyvies most ape W calse
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G-LOC would andd in s evaluanon and protection
[5] o ehminare thes G- 100 problem (o some ex
fent the LAF started s Centeiffuge Tramng i 1991
i such trainiog has become essental for arcrew
ilying the mir supeniony Gghter (AS]) In a stody
done in the USAE m 1982 11 was found that those
who cleared TO-155, G-LOC in=Mipght was not re-
parted |6] Theretore, these standards were adopied
by NATC and 1o be in keeping with STANAG, [AM
TAE also ol the same 7G-15x us the qualifying
bevel forcleanng the course and procecding for ASL
raning,

Q-LOC has always been considerad 1o be o
physiolopical event actors predisposng towards
GALOC are an improper]ly perfonmed AGSM, 1apid
oasel ul +Iﬂr furces, surprise onsel in 2nd wrcrew
irelevant in the SU- MY, disconnected anti-G-sun
CAGS] improper dict and Tutgue, sod low G oler-
anee, However, the good news s that expenencing
ong episode of G LOC mduces rapid recovery in
the next.

Evaluation

Enowing that G-1.OC is physiologicnl, is there a
need for an evaluaton ! When one considers the
flight satety implications, evaluation of in-flight G-
LOC muost be comsidered - but roowhat extent and at
which centte remains an engima. G- LOU torms one
of ditferential dimgnosis of an eptsodic loss of con-
seipusness (B-1.OC) in flight. When an eye winess
account is available, the cause of LOC becomes
geemingly apparent and investigations, i reguired
may e directed wowards it However, when such
‘accinmts are not available then the acromedical spe
cialist is forded to rely on the airerafl datn param-
eters and iovesligalione. The problems for which a
dilemma is faced is whether the LOC is aresult of &
seizure or syncope and il o syneope whether il s
physiological or patholagical,

As brought out, the role of the astomedical spe
clalist begins in the Neld at the Syuadron level where
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Amenculous hestory and imterpretation of flight data
should allow hum o come 0 o reasonable copclu-
sy whiether the: LOC wais due 1o +1."rI forues amid
whether 1t should be investigated further. Table ]
would certanly help in differentiating cases of sei-
Aure from svncope, Howewer, it mostbe kepl inmiml
that convalsive syncope [ 7] and non-convulsive se

zure are also well known entines

Table 1, Differences between Seizure and
Syneope
Pinctinn Seirure Syneape
Esrustavmal slocssor L sumnportant [rrgmartiane

Prosdrome None Lightheadedness
niusel, dryncss
af maonth, epi
gusiree rseress
Lismally erest
Pitlg, sweiling
Braclveandia

nstire Any pasibion
General sppemance Flushed

Milse Fackvearda

Injury Freguent [infrequen
Convulsions® MusE often Seldom
Reoovery Petaved Rapid
Arneesia Frominent Ml
min} e
Incontinence Previent Llsconison

# Im the case of convulsive syncope the convilsions are
edoniv, of shon durstion withoul being refletted 1n the EEC,

andsharp wave

The diagnosts of a causz of syncope gan be sas-
tly made from the history, physical examination and
ECG ot least 60-T70% of cases{3). Therefure the
evaluation of a case of (G-LOC bemins in the Station
Sick Quariers (550)) ve.. at the Squadron level

This evaluatton should have incorporared thto

i
1 (a2} Hisrory i include:
Fre-morbid ilingss
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Drug ingestion

Physiolopical factors-heat, hyposta, hy
T\l‘r\'\'.'rl“[ﬁ!llﬁl'l

(b Sorme profile wooclude

Type of sorte - combal o mor
Cr meter reading al end of sore

Aur Ficld Tape Recorder {AL'LR) record
mg (for visce recordimg to know the physee
ological or psychological stats [9])

Flight data print o

Type of mrcralt and hours on type

() Versonal tactors related w G-LOC

AGS wype
AGS disconneeion

Poorant O straiming maiceuvie (AGSM)
technigue

Eelayed strt of AGSM

Inil Pilot syndrome

I Physical Examinarion.

{a) Cardiological Abnormal pulse thytlu

- Clicks and murmur

(bl Neurological

(e} Physislogical - Passive standing

BP (includes lving and
standing)

Fvidence of sisus
arrhythmia

BP response o sushned
bamul wep

i Elevirovardiopraphy

&

(4} Honirme

(b1 Hyperventibation for 15 &
(o) LG DO ratio afler standing

tdy FOC after Valsalva manocuyvie,

he peromedical specinlist theredone, with he
bielp of the nearest Armed Forees Hospatal can ar- |
rrve A a reasonable conclusion us o whether Tur |
ticr bivestneition is wirranted

Incondlisive evidence would necessitale uorg- |
ferral to a specialised centre 1oL Instinne of Aero- |
space Medicine (LAM IAF L Aparet from the evalua-
b by the team ol clincans, the evaluations by
the aeromedeal deparments ineludes:

T HUTYCald pressor wst
Nestihlar Dunctons

Centntuge evaluation

When the Tiest fwo tests along with elincal
svaluation are normal, the wircresw who hus lisd an
episede of LOC 0 Mght undergoes centrd fuge evaly-
ation. During such evaluation the mest important

physialogical parameter being recorded is the ECG. |
|

There have been o variety of dysrhythming which |
wre deseribed coincident wath G- LOC [0, 1], 12].
Therefore this aspect must be evaluared carefully,

A new Tl Acquisttion and Rewrieval Equip-
ment (DARE), mdigenously made in 1996 at the
Lepartment of Acceleration Physiology, [AM [AF,
allows for such evaluation duning the complece
centrifige run. The ECG sipoal is acquired and |
transeribed into a digual formar within the centri-
tugs and sent cul via e ship rings fooa computer
console and thereafter vig software 1o the conlri-
fuge contraller's TV sereen; for on - lme recording,
Subsequent analysis and software developmend is
hemg progressed as the expertse and experience
advances.
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Centrifuge evaluation

Pram [484- 1997, 15 cases ol LOC reporied e the
IAM, Bongalvie, for cemiluge eviluanon, A few

ol these cases are reported os below:

Case 10 A 23 vow ald wircrew who had 10 b oot
ilying on lskracwas sent o LAM for cvaluation of 3
episades of G- LOC, 3 episodes occurred dunng a
rallol-thes g anuneeasae when e muxamum Gz
force was 4.5 505 Une eprsoide pecurred doring a
14 G loop manoeuvre and the lost dunng a Karan
gorlie when 6 G owies pulled, Centnilfupe evaluw
tion revealed that the Rapid Cinset Rae (ROR)
RELaxed TOLerance was 4.1 G The Cradual Cin-
sel Rale (GORY RELuxed TOLeanee was 4.2 0
and STRaning was 58 G He was then given -
doctrimation an the ang G stramming manoevre
(AGESM) e the L manocuvee alter which he un
derwent a3 O - Shs cemrfuge run withint the AGS
for practice of the AGSM. Subsequently duning the
nexlrum, Les 665, o the 1 second he went e
G-LOC. He was further indoctrinated i the AGSM
and the next day he successtully completed the
Simulated Aerial Combat Manoeuyvre (SACM) cen-
trifuge runs of 4 G /6 G and 4.5 G/ 7 G, while
ising (he AGSE.

The hearl rate recorded was wathin noonal lim-
s and 50 wag his G-TVON erance. The ditetiw wis
routed back to flving without any change in his
metlical culegory.

Case 2: A 21 veur old Flight Cadet had wo
eptsades of G-LI both during toll-af-the-up mi-
noeuvre (-5 G}, while flying lskra iz evaluation
al TAM revealed Dt the Gl table study and aerobic
fitness were normal. The cenmfuse evaluation was
as uider:

ROR REL 416G
G 1. 476G
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ALEM indodtnination given

S50GROR with ATSM 30 5 wolerated

0 ROR with AGSM amd AGS 305 wlerated

G VO was declared as narmal andd the Flighi
Cadet was advised to pursue a physical condition:
ing propramme wineh would better his performance
of the ACSM He s roated Back For Olying,

Case: 30 A 21 year old Phghr Cader, onaedual soe-
te, whileughtenimng the bank called out that he was
Becoming Fant and then recovered only 8§ min later,
L., atter the arreratt had Landed. Centrafuge evalu-
ation revenled

RORE RE 4.1 G
GOR STR 068 G

C-TOL was found 1o be normmal. However, due
o the prolonged nature of the LOC in-flight he was
placed in low medical category

Case-+- A 38 vear old Souetron Lewder while ly-
g 42 vs 2 combat in a MiG 21 tailed o perform
an adequatc AGSM and wenl into G-LOC w 7.8
3z His cennfpes avaluaron revealed:

ROE REL 480

9G tolerated s
404 TG SACH " 158 5
A B0 SANM . 1153

The G-LOC was ennsdered phystologcal and
e dircrew was rowted back o thying

Cepse-5-A 17 vear old Flight Cadet reported 1o FAM
for evaluation of s sickneds, Oncentrifuge gvalu
ation he experienced G-LOMT at 3G and (his wias
fullowed by nausea and vomiung. The next day he
had G-LOC ar 34 .G (0.5 Gfs ROR) und un recov-
ery bre agan experenced nausea. He was declared
as huving low G lolkerance
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Caxe-fic A 22 year old Flight Cadet reported after 3
episodes of G LOC at 4.5 +Ge, while Oymge Kism
Itowas wncovered when it was noted thar the ar
crew was nol i control of his arcraft and cally of
"Black out™ were heard over the BT, during the s
episvde. Contrifupe evaluation revealed that the
ROHE KISV was 4 0400 Duning the ROR STR he
blacked out at 4.9 1Ge and lster eaphusned that 1
wies sanrkar 10 what b b experrenced  Fhis RO
STR was mproved 1o 55 02 by ipndectrinating
ham in the correct performanee of e AGEM. The
G- LOC e therefore due to fanley performance of
the AGEM and he was routed back to flying

Centrifuge evaluanon, theretors, plavs an -
portant role notooly i e dimpnosis i will also
eventunlly helpin the disposal The protocal whieh
i being {ollowed at the Deputment of Acccleru-
tian Physiology Tur Cortrifuge Evaluation in cases
referred Tor cvalvation of LE-LOC and G LOC )5
mven as under;

iy - RORREL

- GOR REL/STR

- Heview ol -LOC in theowy

- Indoctrmation tn ALSM L,
MANOCLVTe

Day 2 - 50 - Mbsowith AUISM
- G- W wath A and AGSM
f0 - 15 5 wath AGS and AGEM
SACM: 4G 155/ 8G- H s

Anather ympartan aecomedical mvestigalion
required 1 g case ol G=LOC s the il 1able study,
The pathophysislapical mechanism for syneope

alurng upright ule testing s wiven in Figue |, In

studies of pussive L e positive response of|
A9 s prescnl (13) Specificity has been reported
b he 90 Lo passive testng bue the range is wids!
and test protocals using wsoproderenal increase the
puosiiave response only marmnally,

Lovw yielding tests

Mo diseussion on evalvaton of EAG LOC s com-
plete wathout mentioning seine ol the commuonly

Fig. 1 Tathophysiological mechanism for syncope in upright Gl testing

Upright tilt ———  Penphera] venous pooling ———

vasomolor cenire

T
T sympathenc one
|
penphieral vasdibation
|

-

Hypotension

CTTSRSYNCOPE

- Wenous retur

L 1efi venrricular wiolume

T el vemricular contractility

_— mechanoteceplor stumulating
—
T — ;
T vagal lne

1

Hradycardia or asystole

-

&
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Fig. 2 Evaluation of E-LOC [ G-LOC In-Might

History, Physical exanunation, LCG

M Diidgnostic Sugpestve Meganve
M '
- Aviation NS Hear M Plesan
& m
i Dirups - ERG{CT FME] Y Multiple Single
ly. Arevihmias Aonography Huolter \
[ A \
In Selsure - Angioeraphy Diagnosue 9
of Tilt Tuble
adl Y
1 CVs Mot [}I,]_ﬂllisjfr!1£
e STMT ECHD \’fu‘ﬁ::plu Sinple
. fod
-CAn y .."I IIII," ¥
- LV Angin [esopy Monicor |.-" / Puveh-
.."l / latric
Y f I."
_ Non Il}luyn.m:-:llll." Illl-"
ly Aviation I‘"-. { |
\ | |
| - Centnfuge ! 4 #’ /
- Westibulur EBS / Jf"lr
| -EDe \ of
| f'/ t/
g e

usad tests for evaluanon. Skull films, lombar punc-
turg, radicnucleide brain svan and cerebral
angingraphy have not vielded dingnostic informe-
tion for & cause of LOC syncope 1o the absence aof
clinical lindings (14). Glucose lolerance tests rarely
lead to o diagmosia of hypoghveemmia: Tnitaal labora-
tory blood tests also rarely yield diagnosticallv help-
ful information. Such tests should only be used 10
confirm a climcal suspicion: Studies on EEG
syncope have shown that i 1'% of subjecis an
epilepliform abnormality was Tound (150,

The Tew dimrram (Fie. 20 sunmmanizes the

4 Ind f Aerospace Med 412}, (997

g

diagnostic approach and cyvaleativin in any case of
E-LOC in-fhight, of which G-LOC 15.9ne,

Dispaosal

The dilemma i real as theorerically G-LOC is a
physiologiea] phentmenon, bul for all practical pur-
poses has o be rreated as Bpisodic Toss of Con-
scinusness, When light satety and conservation of
man power dre included into thas aspect then the
sptation becomes more problematic amnd enigmatic
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The followimyr disposal tor cases of G-LOC s
therefore suppested:

(1 Ewvidence of G Onset, magnitude aml duration
betng hagher than monmnal

(i) Foulyy AGSM from the AIFTR

iy AGS disconnecnion

(vl Surpmise onset (usually o the 2ol arrerew )

iv) History woelude dry sngesiion, alcohol con
sumpbion. mmtercurrent tiness, pre-flight meul.

iv1) Physical examination te rale out CVSIONS

Invulverment,

Special Note o When occurming during a
centrituge run, unbess newrelognenl sequelie present,
the episede of G-LOC should be considered as

plivsiological,

The evaluation and disposal are recorded on
FForm 7-A and Kept with the individual s docaiments
Mo lowering of calegory 1w be recommended Uases
of recurment G-1.0C, will bereterred (o JAM, IAF
for evaluanon.

i) Cases when the hisiory 1< not clear or cling-
cul nbnormality associaed, wall be sent o IAM, IAF
A% 800m as possible.

Evaluation at IAM, apan from the routine cling-
cal evaluation witl specifically include cardiologr
cal investigauon especially TMT/ echo-cardiogru-
phy, vestibular funcuons: tili-table studics and cen-
trifupe cvaluafion. Ahitude chamber, neurdlogical.
prychiatric/physiological evaluation may be in-
cluded if considered necessary,

Lhispasal

{iy Mo abnermatbity detected and centnfuge evalu-
ahinn nommal - No lowenng of caicgory and

20
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trelhevrckeal rowted Back to wnil W) contimoe ﬂ:,u_i
g |

i)
a par disahiloy detected, |

[are)d
may he lowered for |2 weeks 10 dual flying
status - (A B Fly wath an urereaw quulij'icﬁ:.
i Lype and an executive teporl Lo aeeampany
the indevidual wath aspecial enphasis an comy
Lt sanocuvres, and performance of AGSM,
Squadran MO/ Acromedical Specindist sl

wvedve i such cises soas te abean as ool

3.

ancillary dita betare and after the conbul
sOrnes I
|

Conclusion |

|
Eviluaton of (o flight G-LOC hus many impligs

tions and the decision between compramised (ght'

R
Abnonmality detected - disposal and category 1

I eses where o doubtsull exists Ui e 2.

mli

A,

6.

U

safery and conservation of muned man power b g

e be constantly borne o wumd. Ao wnanmdbiguous:

episode of G-LOC may be disposed of 1 at the SS60°
ty the Acrnmadical Specialist, atter making every|

5 - f il
reasanable eftort to define the cuuse.

The evaluation s more comples when g donbi)

as 1o the cause for G-1.OC ¢ E-LOC 15 present and

requires 1o be tnvestigated at a specialised

aeromedical centre like IAM, 1AF, The Mow dis

granm vutlined wioull help in the evaluation pm{-'l
a=5, The extent of investigations must be guided by

the initial history, pliysical examinalion and BCG.

Avre medical evaluation must include gl table stud

g3, vestbular funcions and most important centie.
tuge evaluation, The protweel being followed gt thes
Department of Acceleration Phyvsiology has been

deserthed and becames usetul in detecting cases of|
tow G tolerance and faultyfinadequale AGSM per
formance. The remedial measures for the AGSM
can then be msitoied The dispasal of casés of G:
L0 has been recommended with a view so st}
cotmerve Waimed manpower withone compromising
Might safary
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