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SUPERFICIRL TEMPORAL
RATERY ELCCD FLCID UNBER
+bz RCCELERKTICN WFITH
DOPPLER BLOOD UELOCIMLTER
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The availability of a relisble  method of
determining +06z tolerance 13 very important in
avpeleration studies, Among  the  various
methods tried out, deterrmination of peripheral
light Toss (PLL) has been the most Tavoursd.
With  the availability of rapid response
ullrasound blood velacimeters, it has becorme
possible to detect blaod flow at the eye level
en-invasively  This  paper  disousses  the
indroduction  of thas  technique in human
centrifuge studies at the Institute of Aviaticn
FHedicine, Indian At Force. This abjeative
fechnigque of detection of dizappearance of blood
flow al e eye level was found to oorrelale
well with the subjective PLL .

Keywerds: Positive acceleration, 6 tolerarse,
high  sustained 0, sirerew  evaluation,
hurvan centrifuge.
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ﬂ-.ar'h-:' difficully  in conducting  acosleration
studizs, for very long, has been ihe shsence of
a peliable method of abtzining the end point to
+0z. In the past, mang methods have  besn
ulilised by different workers. The only end
point which has stood the fest of s and
gontinuas o be the Tavourite msthod I
most laboratories around the world iz the
determinalion of peripheral light loss (PLL),
e, ‘grey out' or central hght lass (CLLY,
1, “black wul'. Howewer uzsful thiz mweibod
has becn over the years for short term
experiments and for lower levels of +Gz, s
relisbilily snd  repeatability kave  always

®

been of some concern. Is dependability is
further reduced during  sirnulation of  high
ensel rates wath higher magnitudes of G
sustained for long periods (HSG). Under such
conditions the subject may directly reash a
stage of unconsciusness and when thiz happens
wilthout a wvisual warning, FLL or GLL a5 end
points  serve little useful purposze. In any
case, the wvisual end points  are largely
subjective and are  dependent o the
comoperation of the ndividuals being fested.
The need for an objectively assessable end
point has always been felt

Yarious methods of objeotive
assessment of 4Gz tolerance have been
used by differant workers. Some of these

are oxamelry | liratation of ocular metility
under  acceleration  (LOMAY  and  direct
rmeasurement of bloed pressure at eyelhead
level. All these methods have their inherent
Hmitationz, A Feliahle and repeatable
ebjective techroque emploged by sorae of the
warkers in the YWest iz the Jetastien of blood
flow al the eye level  throuah non-therasive
rapid responze blood wvelsoimeters. It was
considered appropriate to attempt establizhing
such 2 facility on the  hurrosn cendrifuge at
Instilute of Aviation Medicing, Indian Air Foroe,

The Equipment

The equipmient 1z a direotionsl blsed
velocimeter BY 231 manufasdored by Mis
Sondeaid Lid, UK. It iz basiedlly & slinizal
equiprment which = portable and  mains-
gperaled, The wetrument has 3 loud speaker
which gives an aodible note which inereases
in pitch a2 the velocity of blaad iRcresses snd &
meler to  ndicate changss n velosity and
dirsction of Tlow alss has  a two channel
Tour speed chart recarder.The blood  welocily
wave form is internally conmected to channel
1, while shanne! 2 displays an ECH
form from the  built 9 fully
LG /PCG presmplitier

feolated

Imstallation o the Human Centrifugs

The BY-221 blood flow meter could notl be
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miounted inside  the aqondola of the hurnan
gentrifuge | e, in close proximity to the
subject, for three main reasons:-

3. The instrument being primarly a chnical
equipment is not "G-rated” and any  of its
components could well Tail under high levels
of 40z built up 4t rapid onset rates

b. It requires a power supply of 230 volls
which iz not provided i the gondola for
considerations of subject safely, The
maximum  power  permitted ab present is 12
volts DC for the gondola lighling required
for closed circuit TV camera pick up

o, Restricted space available inside the gondala

The main equiprent, therefore, had
to be mounted near the centre of ratation of
the cenirifuge so that the G foraes acting on il
would be negligible and the Fequisite  power
supply i available. Thiz meant that the subject
and the equipment were no rmore n close
proximity as desirable, but were separated by
a distanee  of alenast 7 oo The standard cable
Tength provided with the probe iz enly a little
above one meter. The cable it=ell 2 a3 very
specific one desigried to carry very low vellage
signials (the sutput of the receiving orysitalin
the probe iz only 10 microvells). The major
sturnbling block for a leng time  was  the
acquisition  of the additional csble it-elf. A
larde vartely of cables was tried. The naize
levels were very high and completely mashed
the original signal. The desired Jength of the
cable was Tinally produced (vepy close to the
specifications) by 3 Tooal manufscsturer. With
1hiz cable, though there was some drop in the
signal voltage, the guality was undisturbed

For on=Yme monitorimy of ihe temporal
artery blood flow, the doppler audia beats froem
ihe cquipment mounted on the senirifuge arin
had 1o betransmitted to the reonitoring room.
For this, the audic sutput from the blocd
velosimeter was tapped and connected to  ihe
ship ring aszembly and from there through
selected charmels to the roritoriea room, over
a distance of alrmost 25 m. In the monitoring
Foom , the beat sounds could b= heard by the
redical  monitor thirouagh 3 steres head sel.
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With this. arrangement, there was a wvery®
large drop  in the intensity of audie signals
Loth because of the large transmitling distance
as well 3z the irvalvement of slip rings in
between. The doppler sounds were totally
masked by the high Tevel of neise generated at
the slip ring assembly and external neise pick
up by the transmitting channels. To ovércome
this problem, it was decided to amplify the
doppler audio signals before being fed to the
slip ring assembly so thal their intensity would
be  higher than  the masking noise, and
seloctively filler out the external noise afler
the slip ring assembly. For this, a constani
oultpul narrow band audic amphifier and
selective filters were designed and assembled
by the engingering staff at the Institute, The
audie armplifier mounted above the wvelocimeter
received ibs  input fram the audio output of the
latter and its own output was fed on to the slip
ring channels With this set up, deppler sounds
from the supsrficizl tersporal artery of a
subject seated in the centrifuge gendeola could
be heard clearhy over the head set by the
controller in the monitoring reem  while the
centrifuge  was following an  ascceleration
profile.

Centrifuge Irials

The exisling sustem of obtaining the end
point for +0z tolerance on the human centrifuge
iz = subjective one and uses the gradusted
dynamic end point system (GRADEPS) of
restriction of the peripheral vizual field (qrey
out) to mark the G toleranse (4).

A totzl of 14 subjects participated n the
cenirifuge trisls after the doppler system had
beon dnstalled and made fully funstional. Al
were heslthy, and had previous experience on
ihe human centrifuge. All were qmite famihar
with GRADEFS and had experienced FLL on the
centrifuge previously . They ocould subjsctively
desoribe 2 grey out when they experienced one
Eefors selecting the subjects, it was
azeertzined that their superficial termporal
arizries were easfly palpable and encough area
wis clear of hair for the flat doppler probe to
be positioned. They were given the ususl verbal
briefing for the FLL ride. The flat probe waz
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poesitioned on  the left superficial ternporal
artery after applying a generous amount of
contact gel. The position of the probe was
genthy shifted around over the artery HIl the
best audio signal was heard over the loud
speaker of the velosimater. The probe was then
anohored in positien by a hght stretch band
gaing around the circurnference of  the
subject’s head. The cable from the probe was
routed through 1he head band s0 that there
was no shift of the probe due lo tug on the
cable during the G runs. Wilh the probe in
posibion and audio beals clear, the audia
amplifier was connected to the output  of
velooimeler so that the sounds could now be
clearly heard over the head set in the
roaniter ing roerm,

In-all the experimental protocols, the rate
of enset of G was 0.5 G/zeo, the duration at
pealk G was 15 zeo and the decay  was
mairlained at 01 GAsec. About 4 to B runs
wore required for each subject to reach his
end point, The subjecl was deemed to  have
reached his tolerance when 3 PLL restricling
the vizual fields to 56/52 deq was achieved. In
addition, the resction time  recorded was
analysed and the symptoms deseribed by the
subject noted. During 3l the runs, lhe
doppler sounds whrE listened oul
jndependently by snother medical moniter whe
intentionally did not ebserve the FLL sustem.

Rasults

ANl the 14 subjects completed the
centrifuge runs for which they welunteered
All of them were taken uplo ihedir tolerance
Tevels which ranged from 40 o S3 G in 2
relaxed slate. These walues codncided with
an observed PLL of 55752 deqrees by ihe
medical  moniter on the confirol desk. AR
individuals reported a3 subjeetive grey out
with the observed PLL walues ranging from
&0 deg fo D2 deq. Thiz was also confirmed by
the increazed reaction tirse on the ohart
recorder, The doppler sounds being listensd by
the independent monitor were clearly heard
through 211 the runs. The intensity of the beats
did not wvary much, but what was  very
discernable was their changing quality (¢hange

of pitch) as  the runs proceeded. & marked
change 0 the qualily of beals was noticeable
just before the dizappearance of sounds, As
soan as the sound disappeared, the monitor
called out that the beats had stopped. In 13
oul of the 14 subjects, this ¢all seinclded with
the gbserved FLL of S6& deg while in the 14%h
subject the call came when he had ¢rossed
the 52 deg PLL rmark, The doppler beats
reappeared 3fter a few seconds in all cazes and
sorrelated  with the  recovery from the
observed PLL swhich wsually oownaided with
the last few seconds at peak G and  the
initial phase of deceleration. The beals came
back to their norrmsl inlensily  wvery rapidly
during the recovery and were still well heard
throughout the deceleralion phaze.

Discussion

The cardiovaseular system 15 more
profoundly affecled by +Gz than any other
syslem. There 15 a progressive fall of blaod
pressure at the head lewvel and an inchéase in
heart rate. This iz mainly dus to the Joss of
cireulating blood wolume as & result of poaling
of Blood in the Tower parts of the body and
lower limbs and an ineredse of eye-birain
hydrostatic distance due te  descent of  the
Diaphragr, If these responses continue, the
result 35 a gradusl loss of peripheral vision
[grey outd fallowed by a loss of central wizion
(black aut) and finally unconscieusness (3,5),
Thesza changes are as a rezult of decreased
blaod supply to the head (1 ,8),

The meazursment of temporal artery blood
flow using doppler sysiem has been used ax an
objective technique for predicting +Gz
tolerance. The method i based on  the
assumption  that  the temporal artery blood
flow reflects the relinal artery flow at 3
comparable hydrostatic pressure wnder +Gz
(2 &) An objective decrease in the ratinal
artery aw has been repeatadiy
dernonstrated by direct wisualisation 'and
risasurement at eye level with increasing G
levels (9) and precedes PLL by 5 sec (1,3,8).
Retrograde eue level blood flow kas been
conzistently recorded and  normal  Tlow
precedes return of full vision by 1 %0 |5 seo
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(4. 7). Flow cessation precedes black out by
6 to 10 sec —averags 9 sec (1,7}

The system of superficial temporal artery
flow reasurerment using  an ultrasenic blood
velocimeter as in this study works on the same
principle as employed by other workers. The
main achieverrient has been matching of the
systern to the peouliar requirements of the
giisting cenirifuge through medifications. The
technique of menitoring employed, is @ standard
siple one and our findings correlale very
well with the FLL system. The repeal” "'y,
without a single failure indicales the relability
of e systemn. The end point In our system is
\he disappearance of the audio bests under +0z,

Audio monitoring is the method of choice on
the gentrifuge as the controller’s vision is
pooupied 0 rrondtoring & number of other
pararneters. The distinclive audio shift warns
the observer of the impending end point and
allowes Hirn to take the requisile actions (3.5)
Our methodology and trial results are wvery
sirmitar 1o those emploged by Yoge (%) where a
comparizon was made between the mesthods of
FLL (subjective) and cessalion of blosd fow in
the temporal artery as measured through an
externally  mounted ultrazonic flow meter
using the doppler effect, and it was found fhat
the Mow rmeter resulted in obtaining refisble ©
tolerance end points  in all of a total of 2
cases, This makes this objective technique
the rethod of choice for  oblaining LE]
tolerance walues on the cendrifuge especially
when high walues of G oblained through high
onset rates may give no visuszl warning befere
gaing 1o blackaut or unconscivusness, siluations
where the FLL systemn would net b of much
yalys
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