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Air flows during anti-G straining manwuvres (AGSM)

Mohan B Dikshit, Sunil K Chhabra

Fwilh By fea v
Phivpertioent ol Cardiorespreatory Physologs

Alr flows generafed during anfi-C seralning
mupeeivres. are mat owell docnmented. We
trateed 0 made volunteers foge 28 1 5 pr; i
MWl 7 4 Som) te do the AGYM manewvee in
the taberafory. The suhjecty then performed
att acceptiohle moximal expiratory Tow volione
fMEFV ) curve maraenvee infe a computerized
fump funcrion system (Med Science). They
then didd 3-4 AGEM muanwruvres info e same
cipieiperentd. The AGEM recording was repeated
witlle wsing o fow-resisfance breathing nash
and fuhey spsfeme to simudate an alrcrafl oxy-
gen breatfhing  svaresn, The velume intake
duriny AGNM (16K S 69 (51) firres  wirs
spntficantly lower (P < 00001} than the FVC
(.30 L0621, The PEFR during AGSM was
fipher (984 + L0353 ips AGEM v 934 ¢ 093
lps; P < (L05). The peak fnspiratury  flow
(PFR) during. AGSM (887 L 092 ps) was
significantly mare (1< 000 than the MEF)
PIER uf 7.73 £ L3537 Ips. With the meash and
mbing an, the volume intake did not changs
iduring AGNM, bur the PEFR and the PIFR
redced signiffeanily (P <0.01) fv 877 £ 0.97
Ing aad 793 L 165 Ips, respectively. The re-
sielty ineficate thar faiely high flew raies are
penerated during e AGSM manauvre, Air-
CRUfT aXpeen CqRipRIent [ cRIreNT NS mMay nar
eader fo syeft high flow rares,

in another yrowp of 6 sabjects, the 10,
consumption ot rest (0207 L0013 (AEM)
ipm) fncreased ro 6,336 =041 ar the end of
M continanuy AGEM, which fook an average
tf 271 5 te perform. This amounts to o VO af
8748 L 803 Ipm, o wear 3. 3-fold increave. The
egnivifent ewergy wtfilization was 103 £ 0.07
kealimin, which increased fo 1.69 10,07 keal
iuring e AGSMy (378 £ 006 Realfming, fhe
mean velume infake/AGSM was 349 0061
whife the fest AGEM effort of these subijects
when measured separaiely was siightly grearer
(398 +31 L Thix suppesiv thar repeated

il s battia et sl HE Wil

I Viesirdube C{lmiveraiiy ol el

105 Ay, f_';‘ reipn iried to B cioore i oateriied comn-
hitt, may reduce the efficacy of the manatvre,
and thus may compromise flighe safe, We,
therctfore, advecate respirafary muscle friddo-
ing fo impreove AGSAM performnce,

Revwords: +Cie V0 BHEC T
N swepeneration fighter mrcralt can generate
e slresy Lo the Citent of 19 G For o lew

seconds at a time [1] The incidemee of G=indueed

loss of consciouiness in the TAF was reported by

SMalik e e [21 o be absont | 1% A pumber of

menstres are hemy infroduced to enable the pilol
to maintain functional control of the areralt during
such manceavees, voe of them being the antl-G
straming mancewvre (AGENM) [, 3]

In essence, the AGSM consists of a maxi-
mum tensing of all skeletal muscles {abdeminal,
chest, calf. thighy, and a respiratory efforl
(raphd inspiration for -1 & followed by rapid
cupiration [or [.5-2sY [4] which is likely to
aeneraie high fow rates, particulurly  during
piration. lnformatien on this issue is menar-
afly lacking. and needs investigation because,
znecdotally, pilols undergoing high sustained
—Gz (HEG) tramning on the human centrifuye
have cxpressed reservations about being able to
nerform the AGSM effectively while using air-
crafl oxygen-breathing. svstems during combat
mameuvres involving H3G, It is possible that
the breathing eguipment impedes the physio-
lozically effective performance of AGEM as
may nel cater wi the high Mew rales which arc
iikely to be generated, and thue may contribure
ty alfegtine fiehl sulety adversely, We have,
therefore, undertaken this soidy in the labora
tory 1oy and determine the air Mows that e
prodduced while performing the AGiSM
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Material and methods

Wine healihy male volunteers (mean age 2¥ =
29 (D) yr heipht 1687 L5 3om: weight
Gihd = 5, Thet were recruited for the stindy
which had cthical approval Their fitness for
undertaking the experiment was  as crinined
atter takiny a clinical history, and doing a clint-
cal examination, with particular emphasis on the
eardiovascular and respiralory systems Manc of
thi subjects were mihitary personnel, nor had
they had the oceasion to perform the AGSM At
any point of tme  Fach sabject was demon
strated the AGSM as per Whinnery and Murri
[4] by one ot the authars (MBI, witls & slight
modification thal the mancuvre was performed
with a semi-closed glotis The subject then did
the AGSM himsell 1o the satisfaction of the
phserver{s) and was then recady for the experi-

menf

Recording of MEFV and AGSMs' volume
et flow rates

To begin with, The subject performed a cluasical
forced cxpiratory manguyre inlo a dry, wedge
spirometer (Med Science) and the oulput was
processed through an APPle lle computer anid
Epson Mulmonary Software programme which
converted the spiremeter outpur into g fow vol-
ume curve. A standard maximal expiratory flow
volume (MEFV) curve was thus obtained After
a rest, the suhject performed aboul 32 AGSMs
conlinuoush into’ the same spiromeier for the
output 1o be analysed by the computer system in
the same fashion as he did the MEFY, in this
manner. all the respiratory details of the AGSM,
which was, in fact, converted into an expire-
gram, could be ohlained. viz. the volume intake
{interpreted by the computer as the FNCY the
peak expiratory and imspiralon flow rates, and
wmher daia, all of which could be printed out af
will, The MLEEFY and the AGEM curves were
also superimposed i order 1o compare the as-
cets ol the two expitograms from a fixed poimn
fal TLCY However, the computer wis pro-
grammaed 1o print out only the ‘best’ of the ef-
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furts made, and hence daty for the hest MEFY
and the AGSM effortwere made avadahle
After a beiel rest, the AGHRNM experiment was
reneated  while using a breathing systent o
simulate an aitcraft breathing equipment. This
consisted ol o polyvinyl mask with a rubber
mauthprece,  into which  were  Nued low
resistance inspicatory and  expiratory valves
e valves woere connected hy  wide-bore

hreuthing tubes Lo the wedge spiromule Lthrough

v owide-bore v-tube conoected. The length af

this combipution was adpsied so that b was
cimilar to the length ol the onginal sprometer
tihe throuel which the initiol MEPY and e
AOHSM manuyees were mide Lic g separate
serica of test
ained thot the charcieristics ol the: MEFY

¢ an o few volunteers, ibowis Hscel

curve with and without the double-breathing
mihe system (without the mask) was similar, The
system was calibrated frequently using o cali:
bration syringe (Med Science) and the internal
calibration of the machine, After the inain 1ests,
the subjects’ MV Vs were also recorded vu the
computerizeed spirameter, with and withoul Ui

breathing equipimeant

Oxvgen conswmption and energy
expenditure during AGSM

In 3 scpurate serigs of caperiments, the oxygen
cost of ground simulation of AGSM was meas
ared im & subjects: bor this cach subject was
copnecred t a ventilation measwrgment sysiem
and C0O; and O, enalysers with an incorporated
cardiac monitor (Magna 901 ME 2-PK Morgan)
through a low-resistance breathing valve so that
the inspired minute venlilation and respirdtory
rate and & single-lead (CM3) ECG could be
monitored  dircetly, He was asked 10 breilh
quictly, and when o steady stafe wis reached,
the vapired wir was vollected into & pulyyinyl
bag (100 1) for 2 min Sunultaneously, e min:
ute ventilation and heart rate (ECU monitor
were noted  The collected expired air was then
passed through the gas analysers, and the reads
ines noted when they had stabilized. Permaneht
recordings could not he done

fmed J Acenapned Med J8L) 1054

b
wl
SIE
Al
mi
5
The

[ {1
ciol
Lhi:
Wil
pei
me
[m |
ot
spil
WACE S
and
Lexine
AT
B
5.0¢
[HTEY
only
cone
[rart
fing
IT1CLE
less]

Nee
the |
duird
g

In:a
speg
Leers
mogr
Agar
izt h
vl
to th
chang

whang

10 i




yEen

O EE

T Wis

VETEIL

arated
wgan)
i that
rakory
Wd be
breath
ached,
lywinyl
@ -
anilal)
as then
¢ read-
manent

H{R} |_1]|:i|.-L

Al the end of this stage. the pas collection
bug was again attached 1o the expiratory valve,
while the subject once more settled nto a
steady-state breathing pattern for ahout 100 min
AL this point, he was asked to begmn the AGSM
munieuvres, and connected  to e :'ecordlng
system aftler he had taken 23 AGSM breaths.
The data were collected over the followany
10-11 breaths, at the end of which lie was dis-
connected from the system. The time taken for
these breathing efforts was noted usimg o stop
watch. The expired air was analysed for the
percentapes of Oy und CO The whale expen
ment was repeated afler ooteat of about 1O min
I (s manner, we were ahle lo ablam two sers
af data Tor cach subject n one sitting. The in
spired minute ventilution for the ndal breathing
was converted too expired  ventilation volume,
and the WO und YOO were caleulaed 1w ob
tain RER. ‘The mutubolic ¢ost of resting venti-
lation was calculated (11 of O consumed is
gquivalent Lo 4.87 keal for RO value of 0.8, and
504 keal for B0 of 1 and more [5] The oxyeen
cowt of AGSM was similarly calculated, but
only for the actual ventilation recorded (hot
converted 1o 1'min). Some of the subjects re-
poried symptoms of hyperventilation (faininess,
fingling sensations in the peripheries, dryness of
mouth) but completed the AGSM hreaths effort-
lzssly,

Measurement af airway conduciance und
the effect of using u breathing system on il
during ridal breathing, and while perform-
ing the AGSM

In“a differenl set of experments, woe measured
specific airway conductance (sGaw) of 6 volun-
leers in @ whole-body conslunl volume plethys-
mograph using the method deseribed By
Agarwal |6). In bricl, the principle of e
method is that at FRE (oo Mlew), as there is no
volume change, the box signal i entirely refated
to the change in wir flow. Accordingly. if the
change in wir flow {on the P axis) and the
change: in pressure (on the ¥ axis) are recorded

fntd . Aivesgnave Mo JHI2) 1904
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during tidul breathing i a body box, then the
airway conductence may be directly read off as
the slope of the flow/pressure redationship de-
seribed on the ascilloscope. To obtain this, the
subject breathed guietly (hidal breathing) into o
Fletsch-tyvpe preumotachgraph (no /) alice he
was enclused inside the buady plethysmograph
(Warren Uolhins), The output of the pocumotach
wais measured vsmg aodifferential aie prossure
tramsdueer (Validyne MY A435-06-87 1) and was
suitably amplificd through a carrier amplitir
(Hewlett Packard 8805 By and displayed oo o
the ¥ axis of o storage oserlliseope (Tekiromx
5116). T he pressure change tn the hody box was
moewsured using another  differennal pressure
transducer (Vahidyn) and displayed after amphi-
fication on o the X axis of the vscilloscope
The oscilloscope wis programmed so that [wo
cursars could be placed an the ascending himb
of the tracing {inspiratory) 10 ohtain e best-fit
slope (viusually), The tangent was then directly
displayved on the scroen s S1aP The syslem
was calibrated for box pressure in terms of val-
gme 05 mldivy and air flow (05 Ips/divy to ob-
(wiit @ catibranan facter of 0.1 The experingnt
wae repeated while the subject breathed thraugh
an oxyoen mask and tube assembly (which was
slightly different from that used for MEEY
surves, as the lengrh of the tubing attached lo
the mask hud to be modified so Lhat it could be
used in the confines of the body box). Alter this
experiment, the subjecls performed the AGEM
in the hady box with and without the mask as-
sembly. ( The sensitivity of the carrier amplitiers
was suitably rearrangud for this pars of the daga
collectinn.)

Tabie 1. The F¥0C dunng MEFY ded during ALHM
masovre {1l the peak inspiratory (PIF [pe)and peak
expitatory Now IPEF Ipél in Y subjects. The values sepro-
sent mean = 5F o = difference betwern the tweovariables
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Tahle 2. The volume/aEsst (1) the peak
withanl the breathimg egquigmen!

regent mean £ 5L o wotheohifesencs BED

A i
Vaolume mlake 1% & ) 2 L
kG K4 £ 041 -
1*1- |- 1wy = 114 &l =

Searistical ol

Paired ¢ (es wiis used in stages to compars he
virlables piven i Dahles | oand 2. Similarky, the
elleet of msing o mask and ke system on sGaw
during tidal brewthing was analysed scparately
e the sGaw measnrements during AGSMs
This was dong as the volume histery tod each

sot ol measuraments was ditTerent

Kesults

Volwme  amd e rate meastirements. The
“FMVCY measured during the MLEEYV and the
AGSMy wis 1aken as volume intake per breah
The AGSM wvolume was sienificantly lowes
(P 0,01} than the maximal effert of VO (Tuble
15 1 wis about 85% of the FVC. On 1he orhir
hand, the pedk Inspiratory flow (Ips) gencrared by
the AGSM  efforis was  sipnificantdy
(P 0015 while the PLE (lpsp tho
during AGEM was ot signifreantly =0 ( Tul

The comparative figures for the velume -
fake, PEF, PIF for AGSMs w
breathing equipment are given in
Though the breathing cquipment did noet reduce
the volume intake significantly, the flow rates
were altecied

tuan earlier trial. we had measured the vol-
ume in 6 subjects during MEFY and AGEM In

thout and with

this group too. the AGSM  volume of
312 £ a4 | was ahoul 81% of the FVED vol-
umme recorded (384 £0 321, Therefore, i i=

MIF. e nse ol the breathing equipmem
redicod the MVWV significantly from 1314
P09 ¢50M) Tpm lo 1278 L 11 4 Ipm (F < (L1 I

| U4

e bpeatlne equipment (135 Valgs wp

wiahiled 0 9
1
!
(k! 117 11
H 127 i
P [ (1] 1

{do cromtsternpition wnd enerp expcrditnee n
this part of the study in 6 subjeciy, 5 ol whom
had participatesd in the volume and Mow ex
i rimonts, the resting akyEen [ TR TR RE R ERTA A ]
0207 = 0013 lpn (S AL the eond of o mean

trration of | fra ol the 10 AGSMs, s

el incrcased o DAda 00141 for DTN
JAYS Fpun)
The energy  utilizotion:  at o oresl owias
13 =007 kKeabimin, while the 10 AGHMSs an-

cregsed iU e 109 L 007 keal Lo 2T 18 (or

3.78 L0 TG kealimin)

There was a considerable degres ot OOy
we the RER percascd from a resl-
of 0491 Lo o 70E s

washo

e Yale

Fven though some subjects reported SYMpLLING

af ifatton  (ringling  sensation
e pherics  with  numbness, deveess ol
mounth. none abandoned the AGSM effort ol 14

which the medsuréments wers
yads

The mean volume intke of the |0 AGSMs
was 340+ 016 1 The same subjects had lhe
cffart of 308 £ 0,51 | when Lhey had made
just 3 eftiorrs while recording the Flow volome
e on the computer Pherelore, an extended

ek

OGNS

AGSM affort Brines down the volume intaks

per breath (though not significantly sir) 1 ihas

Gk exaimi tredl

dimegy  condectance The  conductande
(sGaw Ipsfemil-0)  measured  during tidal
bredrhing (02189 £ 0037 SEM) decreased
1.49 & (27 the mask and lube assen:
Bly was used (£ 005). During AGSM, the
efiaw was O.134 L 0.0a3 withoul tle bredins
equipment, amd (123 L 008 with 0
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Dis¢ussion

Leantitative duln on ventiolory nevds of pilots
Hying mgh-pertormane aireratt has been made
available [7) Durmg mock aerial cuenbar, the
Medn ventilation recorded” wae 76 Ipma. 1t owas
estiminted thir (e MARNM ventiaton whicl,
fy be required 1o be sustwned o Might Tor
periods mode than 30 « Would be shout 538 lpm
(B Nowever, e quantification did nor fake
Inler account 1 ventlatory effort which has 1o
B gl during AGSMs, This was Prohibiy
becanse w performance of the wirerail then waos
ol high enaueh 1o detmand sueh MZOrons meth-
ods ol 1z wleranee

While using low-resistonge (. equipment,
Hurding %] recorded peak mspiratory flow rate
of the order of 150 Ipm (5.8 Ips). In the presen
mvestigation. 1he neak inspiratory. apd Expifi-
wry flows recorded yre Bredler m magnityde
able 1) It may  pe drived thar  while
Harding's dwra were recarded in flight, ours
were done in the faboratory: under +1 (32 tondi-
tons. It 15 nat elear whether the tormer datu are
flom AGSMe performed in e ar The data
generited during 1he PIESENT 5ol of experiments
Suzpesl thal AGSMs are likely 1e generate peak
fow rates ot the magnitude of S40-a00 Ipny,
which reduce significamly 10 450-300 [pm
while using the Oy anask and nibe, Pyszezvnshki
¢t al. [10] recorded MEFV CUrves in 6 subjesgs
exposed 10 +3 Gz stress on g human centrifige
and reported that the PEFR achicved (abang
W Ips) was not affeered by the exposure. Thei:
subjects did nol use the oxyeen mask and ube
assembly. These authors did not ineAzure Lhe
inspiratory par of the flow volume Jogp. Also,
the acceleration (13 Gy was of a low magni-
tde. 1t is conceded (hat i is ditficult to SdY As
o whether similar Peak Mow rates are achiey-
ahle during high sustained Gz (HSG), Lxperi-
Mments need to be done on the human centrifuge
1 confirme this. Neverheless, (he observation
that eyen low-resistance O, mash and  (uhs
squipment used by us in this study reduces ai
flow  gencrarion significantly js comfirmed b

fnel Avrsgpier Med 307 1954

vl bE Tl aftew oGRS e A b

e significant reduction of the MVY  Fuoin
PSEA 2909 (SEAD Ipm ot 12784114 lpm
(= 001), Therefore, what Traiding iy hawve
recorded in High using: the  low Tes TSI e
|J-'l.'-3f]|ir1'|_' Srsterm may, mFact, have Ben a T
resentistion of impeded max mir How Micoanec
dotal apprehension at fiehter aircrew that while
M the air the AGSM efforis mar be ipeded
may have a soimnd reusan
When o more sensitive thdex (sGnw) was

wsed, the breathing system used by us produced
AN pnpediment ta g breathing (st teilinged
stEmiticanty The st during AGSME o
lswer than that recorded during ridal breeatling
though no stubist)zal COMPUFISON  was e
tslauw during tigdal breathing s mensured il
FRC, while duting AGSMs this wae dune ar
volume  closer 1o RV [l disadvaniage o
Medsuring staw during AGSM iy that, being 4
forced respiratory eltart, dynamic compression
ob airways and slteration in the alwity smouth
Muscle one may |t the measueed valyes ng
alsa the interpretution of the result 1] 1How-
ever. the redecming featyres or AGEM are iy
newher BV dor I'LEC ape reached. Even then, the
cxplanation for this anomaly may be that in e
hody box we were forced [y use a breatling
tube which was shorter i length comparad m
thut ysed during AGSMs recorded on the com
purerized spirometer beeause of SPACE Festric-
Hon, As a qorollary, shortening the length of Lhe
bresrhing tuhes of arrerafl Os systems and lise
of man-motnted regulaters may he a siep in the
right direction vis d-vis a successtul AGSM,

As expeeted. the 0, consumption {and lenee
the energy wrilized) mcressed by about 3-folgd
during the AGSMa During exposure w1186 o
tive. centrifuve or during simnlated air comhsr,
this is likely to incregse stll Turther, This iy-
crease in 0. winsumption s understandalife A5
considerable muscirlar effurt necds to by e
crated 1o perform a successfyl manoeuvre, Tl
dlz0 involves the mam respiraliny muscles,
Though the OXYIEN Cust af bBreathing js o ly
about 1-2% of the haseline MXYEEN COnsump
ton [12), this equation may nol hold good dur-

(N
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ing the AGSM, where efficiency of the respira-
tory effort goes a long way in producing a suc
cesslal  prolective manceuvee, No  data are
wvailable on this subject. It is reported that re-
peated AGSMs ure fatipumg [3] Kespiraton
ruseles coun be traned for better strength and
endurance by doing static muosimal inspiratory
and expiratory muuweuvees upainst obstructed
aivways [13], Perhaps, arcrew of the state.of
the-urt high-performance aircrafl should he im-
parted such training,
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