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Analysis of G-LOC incidents during centrifuge training
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Iprariene of Aeekpmse Miedecine

Newverfy-twa  invidenty of  Getndaeed  losy nf
coescionsness (G-L0C abseeved during e
fiph-oc contrifuge rivtning of 134 alrcrew were
ardpsed.  Thexe  incldents occarced  in 50
{27.0%) wiverew and I8 wircrew eapericnced
mighre ftan ppe GO pplsiife, Fortv-soven
ovewrred during capid onsel rans, 19 during
graduad onser ruans oand 6 dureing  sipidated
aertal ceanbal mmnvres (NACML Neradning
G, RO and SAUM tderanees were found
to e sigrificantdy dawer in the GoLOC groap
iy compared e the wen-G-LOC proup. The
absedufe, relafive awd tofal ihcapacitation pe-
s i phe G-LOC fncidents dircing GOR riins
feein of 268, 1525 and 26,808, reypecr-
feefy) were signiftcandly hipher then in those
witich occuered during ROR runs (mean of
F348 B985 and 2350 %, respectively). This
stwehy provides vome foxipht fndo the impaoriant
aeromedical probfems of G-LOT which wmiay
provide some. baxly  for oresearefl lewards
weRimining N pccarrenee or reducing the re-
siedting incapucifation.

Keywords: Anl-0 straudng maneuvre (AGEM
Gragual onser rals  Iocapacilation penod:  Kapad
nmsal rates Nimulated acrial combal maneuaTes

{BACM).

G -induced loss of consciousness ({a-L0O0C)
was recoenized as g major flving theeat n
1978 when its hazards wore documented by pi-
lols' reports of near-mishaps due o G-1.0OC in
Ful 5 atrerafl during air comhbar ractics evalna-
rions and air combar training [1] This was fur-
ther corroborated by an anonvmous survey of
pilots experiencing G-LOC during increased-G
manseuyvees [2]0 G-LOO was cied as 2 cons
ributing couse for T8 Class A accidents
LISAE from 1882 to W90 3] 01 these 18 acet
denes, T4 resulted in fatal injuries. An anenv-
mous gquestionnaire surves  conducted i e
Padian Adr Force (FAF) in 199022 revealed ths
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B0 8% mrcrew out of the 107 mrerew who
responded had expertenced at least one episode
of Cr=-LOC during their fiving coreer [,

A thoroweh  enderstondinge ol the G=LOWC
phenomenan s eentizd o éxtablish some hasis
far resgarch owands deereasing the resalting
icapacitalion from G-LOC Wath this dim
mind, all the G-LOC incidents which og¢curred

durmge the ceotriluee babing ol Iostitute of

Avrispacr Medicine (TAN), Bungalore, have

heen ansivaed and presented. in this papes

Material and methads

Ihe fighter aircrew undercoing high<by centri-
fuge tratmng. at LAM formed the subpects of this
stisdy They woere exposisd ta pradual onsel rony
(OO saprd onser runs (ROR) and smulated
aennl combat maneuvres (SACM) during the
sik duvs ol the course [3]0 Al the runs weee

manitored by a medical officer on £lose-Circuit
TV momiter and also video-recoidud  Tor de-
fricfing of the aircrew and analyss afiér the
run. The énd-points selected tor the GO and
ROR profiles wers peripheral light loss of 56—
607 or disappearance of Doppler-addio sounds
from superiicial emporat artery and fatigue tor
SACM puns. Though G-LOC was not intended
to be #n end-point. it did accur in:a large nums

ber of aircrew due to delaved recognition of

visual symptems ¢t fatigue, nols¢ in lhe Dop-
pler audin sounds at high levely of G oor im-
proper performance of ant-G straining, manatuvee
(AGSM) duriniz: high-G runs, The centrifuge was
hronght 1o a halt by the medical officer at a prede-
termiined  deceleration rate, immmediately. an rec-
auenition ol & G=1.00C episode. These G=1.0(
imcidents were plaved back ona video cassette
recorder and various features of G-LUW wore
quantified.  Airerew who underwent (G-LOC
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were also asked to fill up a questionnaire to find
aut about therwr subjective impressions before,
during amd after the G-1.0C mcident

-1 OC results ain meapaeitation which ean
be characterized by the nneonscious perind
fulsolute neapacitation) and a subscguent pe
riod o contusionddisoricotation {relative mea
pacitation). The sum il the absolute and relative
I11E.1]"l:1t'il:-:lit:||:| periods represenis the total nea-
pocitation period, and may be eslrapolated
the overall lenpth of tinse a pilo would e on
pncoptralled  Night  should G- OC occur m
Miehi n this study. us soon as the G-LOC o
enrred, the medical controller switched an i
continuaus. nudio born The aircréw was sup-
posed 1o switch ofl the horn us and when he
perceived it to determine the return ol purpose-
ful movement following G-LOC on the centrl
[ige. The absolute incapacitanion purind was
caleulated from the time the aircrew lost the
musele tone of his head and neck (rolling of
head to one side with eyes closed, hyperaxien-
sion or sudden flexion of the neek) to the nme
when he opened his eves or pulled up his head
and neck. I'he total incapacitation peried was
caleulated from the time he lost consciousness
i the time he switched off the horn The fime
difference between the total and the abselute
incapacitation periods, thersfore. becomes a
measure of the time of confusion and disorien-
tution following the return of conscionsness, the
relative incapacitation period.

Resulis

OFf the 134 aircrew who underwent centrifuge
training sinee its inception in March 1991, 30

Fable 1. Tolerance valics of direrow will and withoot G-LOG
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(37.3%) expericnced at least ane cpisade of G-
LOC. Sinteen (32%) out of those 50 experd-
enced two cpisodes cach, ‘whereas one {2%)
aircrew each wernd Lo G-LOC three times and
five times during the sis duys of the course: The
remaming 32 (64%) experivnced one GoLg [
cpisnde each Thus, the totul Ciel 0T incidents
analyseid dduring this study were 72 BNineteen
(26.4%) of these incidents oecurred during
peadual onset runs (GOR), 47 (65 %) duting
rapid onset runs (RORY and the remaining f
(8.3%) oceorred during SACM. Relaxed and
siruiniig Gl and ROR wolerances and SACM
toleranee (137 of awrorew who went inle G-
LOC were analysed and compared with the tol
eriance values of pirerew who did not exporicoce
Ci-LOC and with the whole group [ Table 1)
Srrmining GOR and ROR tolerances and SACM
woleratce were Tound to be significanlly lovwer
in the G-LOC group as compared to the nan-G-
LOGC gronp: Hinysver, relaxed GOR and ROR
tolerances, althaugh lewer, were not stulislically
irmifcunt.

I'he effeet of onset rate on the ncapacitation
periods was evaluated by separating Lhe data
inte GOR (0.1 Grsy, ROR (1 Gis) and SACM
(1 Gis with multiple peaks). he mean absolute
incapacitation period for the GOR subigroup
(= 19 was 21.63 s and sienilicantly higher com-
pared to those [ur the ROR subgroup (n=47) and
SACM (m=6) which were 1348 and 14805
respectively (Table 2). The Lolal incapacitarion us
measured by the auditory end-point also revealed a
significant difference (p = 0.05) between the GOR
subgroup (36.80 = 27 40 ) and the ROR subgroup
(2350 £ 883 5),

Iypeal With -1 Without G-1.0C

rum (= &01) (- B} eatud
GOR (REL) 45T 2060 dut 063 ER1 =063
GOR (STRY FAEH0 ARG T2 2079 T 654 L85
ROR{REL) 4154052 4.5+ 1057 426 05|

ROR (5TR)® 7.98 ¢+ 092
SACML13nE 149 46 L 5350

270 =8 60
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Table 2. Feood ol incapacitation v tvpe of run

Incapacitation pecied (5)

Tz ol =

fovalboe fan dall,

run Fo Ahsulute Relative Total bretween total means
LUK | PR & B [5.25% % 16 %0 16,80 £ 27 40 SN
(O0R & RO
O 47 1348 4 6,63 UL & 198 2V 50 = 833 = 15
(OOIR & SACM)
SALM i 14280 £ 6.5 B s 2mst Pl BT R B B =fh (1%
(L & ROIR
All 12 PR S5 4408 11 1y 922 26 T0 4 16 a0
Absplule Melulive
GO vy ROIR J22. T
GO v SAUM [R T - 092
RO vy SACK mas [h6H
e (LUS
Toble & Period of incapaciaton s tvpe af o (O LOY during RORY
Ingapacitanion persd i+
== — Josalie o dall
P Adigeiliile Relanve Tital between total means
Twpie | 27 1408 £+ 824 Gs =4 39 T O0+ [0 A nly §
{Type & 01
Type 1l & ] 1293 2 3,06 1039+ 7 55 BRI L74
Slivw afisen 21 4. 3F.=9 02 GEb =3 3] Jpgnx [ SE
alow & Last)
I'ast offse 25 135343 304 1003« 368

22500+ 93

lhere were & total of 47 incidents duriny
ROR runs Five of these were during 7 G RORK
runs, 15 during 8 G and 1] during 9 G rups,
Sixteen of these incidents aocurred during ROR
runs at G levels varyving from 3.8 to 7.7 and out
of these 16 meidents, 5 necurred during relaxed
runs carried cut to determine Lhe relaxed ROR
tolerance. Average peak G a1 which G-l.00
cecurred was 7390 with 8D of 137G, The
average duration spent at pesk G when G-LOC
oceurred was .60 s with 813 of 3.35 & (range |
L3 %), The G-LOC incidents were separated into
o groups: Type 1 (withoul convuslsions) and
Type 1T {with convulsions), They were also
grouped, depending upon the mie of offsel
when G-1.0OC occurred, us slow offset gronp
(menn (03 Gis) and fast offser (mean 0 5 Gis),
Ineapacitation periads wepe separately  deler-

T

mined for these groups (Table 3). There was no
significant difference in the incapacitation peri-
od= during Type | and Tvpe 11 and slower oftset
and faster offsel aroups,

Nincteen incidenis of G-1.00C occureed dur-
img GOR rens at mean peak @ of 7:0 G with
SD of 2.02 G and range of 4-9 G. The period of
mecapacitation under various groups (Typo 1 vs
Type Il slow offset vy fast offset) was derer-
misted in thuse 19 also (Table 49 and mo siznifi-
cant difference in periods was observed. Only 6
meidents of G-LOC were seen during SACM,
all at peak G of 8.G with time spent at peak G
of 5.17+3025 The average duralion of
SACM at the time of G-LOC vccurrence was
chserved to be 113,85 Periods of Ga e A=
tion were determined in these 6 also imder ZroUp-
ing Type |, Tvpe [Loslow ofTset (mean 0.27 i)
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Table 4. Perod of incapacitation s Lype o tor (00 LG dunimg BOR)

Incapacsaton pened L)

Hiy Absolune
Type l 14 2200= ] Lb6b"
Type I 3 0.3z 1130
Nhow ullsel I 263 = (4 0T
ot el el i i sz q07

Relative Festal
|4 500 = L3 hH0t T S b WY 2
[ 50 = % 0 O I6 10
T9 500y 19 40" b v Vg i
ol [ORERE I b T R A

*(inc aircrew Wad absolute refatve and tojil period of 35, 2% amd 130 s, iospoytively

poowibvie Qo dillerendar between 1otal meoans

ST P

3 0% B Type 1 and Bl andd sl and Gase ofl-

Fable S Penod of incapacitadirn vi dype of moy (0-R0OC0 durmg SACN, paak G 80
Lot on gyl € 3 17 ¢« VO s duranon of AN 11V R

Incapactaten perosd {4]

N Absilule Helalive Toral
Fype | 5 1540 4 TS FEO=T 19 1380+ 1320
Type 1 1 |4 Gl LRI e LI
Sl nffset H 2030 =464 1330 26,13 ERP =SR]
[l el e 3 930+ 189 A0 =2 14 LA 302 3n

prvalue for difference hetween total means

and Tast oftser (mean 0.5 Ges)y (lakle 5) Al-
thoupl the groups were small (three each 1n
slower affset and faster offset), the incapacita-
ton periods were significamtly higher in he
slower offsel group.

Discussion

G-induced loss of consciousness (-0 oe-
curs following & critical reduction of blood flow
due to +Gz forges, Without sufficient bloed
M oy the braing osyeen supply 1o the brain
lissues ceases and the hrain cells rapidly wse
their small oxyzen ‘and energy. reserves 1o
maitain conseiousness. Following this [atent
period, if the brain comtinues to be deprived
of blood supply. and hence osvgen, G-LOC
OCCHTs.

Stewart |6 was the 1irst 10 auempt charac-
terizing G-LOC in an aireraft early in World
War 1. He phidographed the eéntire G-1.0OC
event and was, therefore, able 10 develop 2
timed seyuence of eventls mvolving G-LOC, He
prouped  G=LO Incidents  into Bwo  iypes:

T B Aapagpnree Mod 38000 1994

ar

008 jzlow and Faso)

L) complete uneonsciousness and (b inipair
mient of consclousnass. lle also recognized that
functionul recovery from G-LOC required an
additional 10-20 2 following physical recovery
that had already lasted 12 5

he duration of G-LOC and irs recovery has
reveived considerable research attention during
the past decade: The duration of G-LOWC is.gen-
erally defincd as the period of time during
whick the subject loses muscular conlrol,
particularly as it affects posture and head posi
tianing. This time of a2bsolule incapudilation
foilowing unexpecred G-LOC in subjectsion the
venlrifuee is generally considéred to be |5 175
[7. 8] This was ohserved o be 1535 =928 4
{mean L SD) in our group of 72 G-LOC inet-
dents (Tahle 43,

The subiject remains disorientation and gen
erally unaware of the sitwation [or some Lime
after regaining  consciousness, Lhis  period,
koown as the relutive incapacitation period,
bezins at the end of absolute incapacitation and
continues until the individual can voluntarily

)
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Lurn oTT @ born or light response 1o an anditors
or visual stimulus. 10 lasts tor 15 5 and its duro-
tion is independent of the noture of the grousinge
stimulus [7] We wseed a lowd auditory 1one as
ihe stimulus amd this period was observed 1o be
PLEO L 922 s (mean L S in our subjects
(Tatdle 4y, Ingapacitabion periods (absolute,
refative and tolal) were found to be significantly
more when G-LOC develops duning GOR oruns
wn o compared o those  durnng KROE runs
i bahle 4y This s o conformity with the carlier
tindings |7, 90 Incapocitation pernnds during
ROR would be more realistiic for extrapolation
1o in=-thehr G- 1O mgidents since onset rates in
Hghter aireraft we of the wrder of =10 Gis
(ROR} Thus, abselule incapacitation period of
LV AR s (S aat) durme ROR runs is more akin
1o absolute period of 12 s seen v an polual F- |4
G-LOC incident [1O]. Wis of sital impartance to
ko the length of incapacitation accurately for
development of aircrafl physiologic suto recowv-
ey systems The relalive incapacitation 15 an
arca diserving much attention trom aeromedical
researchers since aircrew may be more likely o
have pesitive resrienting interaction during this
periced, thus reducing the time necessany o
recovery 6] The optimal stimulus for achicy-
g recovery in lhe minimum time possible 15
thus # highly desirable goal The relative inca-
pacitation period during ROR wus [ound (o he
B.25 5 (8D 3.98 &) in our group and much less
Lhian thal seen earvlier [7],

The occurrence of convulsions by 4 suhicet
during recovery afler (-1.00C has led o the
grouping of G-1.0C into mwo types: (a) Tvpe |
G-, which 15 characterized by ashort dura-
tion and absence of convulsive Lype movements
{b) Type 11 incidents associated with convul-
sions indicating greater central nervous svsiem
embarrassment [L 1] In our stody, we obseryved
44 (61 1%) caves of Type | and 28 (38.9%)
cases of Type 1 G-LOC incidents. Convulsions
were first deseribed in detail in 19495 by Pranks
el af, who noted their presence in 52% of the
A3 rest subjects. More recent dala [7] have
shown that  31%  experienced  convulsive-

TH

like flail movements during recovery fram G-
1.OC

Convillsive-tvpe or Hal movements of the
estremnties during the absolute ncapacitation
pediod have beeh seen earlier turnge G- 00 in
centrifuee [7] and aireratt [12). These Hlatl
movenents have the potential ol cawsing -
wertenl  operatoon nf HERY |1|‘l_r_|'|l controls or
swilches besides causing bodily tnjuey inan in
theght G-LOC jocident, o our  proup, 28
(A8.9%0) wverdents out-af the total of 720 oweare
associated with tlaill movements, However, we
did not find any signiticant difference in ingu-
pacittion  perinds between GO0 incidents
associated with flal movements (['ype 11 Incl-
dents) and those not assecinted st Muil
movements (Type | oineidenis). Larlier studies
[7. 8] reporred thar mdividuals suttermg il
movements (3 1% of all subjects) had prolonged
periods of ahsolute, total and relative incapac-
tanon. Ve did not observe any tonzue biting o
incontinence of urine or feaces during any cpi-
sode of G-LOC. Twenyv-lowr cases (33 %) of
Gr=1.00C imerdents were associaed with amnesia
and 30 (41.7%%) with dream sensation.

I gn carlier studv, &3 09 3% out of the 741
trainees had one or more G-LOC episodes dur-
ing the centrifuge taining [13]. O these, 44
incidents eceurred during GOR rims The tea-
sons given for more G-LOC incidents during
GOR nclude a tendency to relax tmmediglely
after reaching ong’s straining wleranee limir ot
some trainees pushing themselves beyond their
giraiming tolerance trving te reach the 943 run
limit, We had higher percentaze (37.53%0) of anr-
crew moing intn G-l 00 and more cases (63.3%
of G-LOC incidentsy during ROR runs. This
miay be Because of the differenee in fates of on-
sel and offset in the two studies, The rate of
onset for GOR runs (0.1 Ges) Is Lhe zame ino In-
dign Air Force (TAF) and USAY, whereas [t is
much lower (| ('3} in LAF compared to USAF
(6 Gs) during ROR runs. This was mainly doe
tia the limitation of the capahilities of the centri-
fuge at 1AM, IAF. Similarly, rates of oflsel,
once i@ case of G-LOC was detected, were also
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leweer (02 Gés during the first few courses Lo
(7 Gafs i later cusrses) in JAF ps compared 1o
LSAT (2 Grsl These lower rutes of onset and
offsel resull 0 much longer periods spenl at
igher G walues. aml could have resulted inoa
ligher incidence of G-LOC durmge ROR runs as
welloae hipher overall modence (37 %) m oo
eroup It s bein scen earlier also that men-
pacitotion  periods  Tollewany G-LOC with a
leswerr ofTsel rate (097 g were muoeh anone
compared 1o those with o Jugher offsel mate
(.75 Gy | 14]

There wias no sientficant difference in the
relaxed GO and ROR Lelerunoes of the aircrew
who experienced  G-100 during centrifugs
raining compured 1o those  who did
(Table 1), However, straining GOR, ROR and
SACM  tolerances  were  signiffcantly  lower
{p= 004 o airerew with G-1OC episodes
("Tabkle 3% Thix is o sigmificant finding, and
probably indicates that cither the anti-G stram
inp nanuvie [AGSM) pertarmad by these air-
crew at hipher O values wos ot optimal, of they
developed fatigue zarbier due 1o repeated per-
formuanee of AGSM, It may also suppest thal
aircrew with lower straining G tolerances are
more prone 1o G-Lod

Conclusion

G-induced loss of consciousness episodes are
unavaidable during high-G centrifuge training
These result in varying peridds of absolute.
relative and total incapaciiation hused on enset
rale, ¢sel rale, the presence or absence of con-
vilgions and many other factors. All the inci-
dents should he widev-recorded for geining a
complete  understanding  of this  imporant
aeromedical preblem to enhance revovery and
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