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Lowsr Hody Megative Fressure and +Gr
sccelerulion slress are both polent slressors of the
cardlovasowlar and respiratory syatems. Though both
siresses exerl their elfects by cousing pooling ol blood In
the lowaer extrenitles and trigering of complex humaral
and cardiovascular reflexes, the modality of blood pooling
{s different. 17 hoalthy subjects were subfected fo graded
prasyncapal imited LBNP stress. 15 out of the 17 reached
the endpoint of presyncope determined efther obifectively
ar subfectively. 11 of the 15 ware exposed to graded +Gr
Kfress &5 per the standerd protocol then followed ol JAM,
& out of the 11 reached the endpoint of Peripheral Light
Losa (PLL). A strong cormelation wes found betwesn fhe
folerances to presyncopal Mmited LENP and PLL - imited
+08z peceloration stress,
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Lower Body Negative Pressure and +Gz
acceleration are both potent stressors of the
cardiovascular and respiratory systems. They
exer their effects by causing pooling of blocd in
the lower extremities. While wilh LBNP, the
pooling is due to increased transmural pressura
as a result of decreased tissue pressure, that due
to +Gz acceleralion is because of the increased
hydrostatic pressure’®. This pooling results in
iransudation of fluid 1o the extravascular
compariment, which is more with LENP than with
+Gz. There is thus sequestration of a large part of
the circulating blood woluma in the lower
extremities which sals off complex dirculatory and
humoral reflexes aimed at maintaining perfusion
lo the vital organs’®. The sequence ol
deactivation of the barorecepiors is slighlly
different with LBNP and +Gz stress. LBNP causes
decreased venous relum due 1o pooling, and
since il is applied in the supine posture, the low
pressure baroreceptors are deactivated first. ITis
only at.higher levels of LBNP (>40 mm Hg)} when
thie Cardiac outpul decreases significantly that the
high pressure baroreceptors are deaclivated >

However with +Gz, the hydroslalic pressure
gradient above the level of the hean decreasas
causing deactivation ot the high pressure
barumcapmrsﬁ'ﬁ

Tha wvolume of blood which pools aller
LBNP application is about 0.9 | al - 40 mmHig and
21 at - 60 mmHg"ﬂ'?, while with +4 Gz the
volume ol blood pooled is about 60 - 100 ml In
addition 1o 500 - 700 ml already poaled dunng the
change of posture from supine to erect™®. There
is an increase in Hearl Rate (MR), 1all in Systolic
Blood Pressure (SBF), little or no change In
Diastolic Blood Pressure (DBP), fall in Pulse
Pressure (PP) and littie or nn change in the Mean
Arterial Pressure {MAP} ° Theare is an increase
in Tolal Lung Capacqty. Functional Residual
Capacily, Residual Volume and Forced Viial
Capacity. The number of unperfused alveoli
increased from 11.4% al resl lo 19.4% al - 50 mm
Hg LBNP, while with +3 Gz the value was 18%>°.
Aszsegssmant of onhostatic tolerance is a must in
cases of low +Gz tolerance. The assessment of
orthostatic tolerance would be of greater value if
thiz tolerance could be correlated to +Gz stress.
Earlier atlsmpts to use technigues ke CUS
response to 70° HUT have not been successful'’
It is possiole thal controlled application of LENI‘-‘
would be more useful as the stress imposed by
LBNP is grealer than conventional lilling. The
prasent study is therefore aimed at investigating
such a possibility.

Material and Methods

The experimental protocol was divided into
two phases. In Phasa |, subjacts were exposad o
a graded presyncopal limited LBNP protocol, and
in Phase |l they were exposed lo graded +Gz
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stress limited by the occurrence of Peripheral
Light Loss {PLL).

Phase |

17 heallhy adult male subjecls were
axposed to a graded LBNP protocol. Their mean
age was 28.2 yrs and the mean height 1685 cm.
Ihe |BNP box consists of a hemispherical
perspex dome with a perspex base plate. There is
an entry porl on one side through which the
subject enters and also where the waist seal is
applied. The latter is made of 6 mm Neoprene
rubber, Negalive pressure was generaled with a
house hold vacuum pump (Fureka Forbes). The
level of negalive pressure coukd be varied by
means of valves on the LBNP box and on the
vacuum lubing. The maximum negalive pressure
thal could be generaled variad from 70 mmiig 1o
75 mmig.

The electrodes and the leads for the ECG
were first attached. The subject then wore the
rubber skirt and entered the box, feet first. The
remaining  mstrumentation  for biomedical
parameters was done, after which the waist seal
was tightened around the waist at the level of the
lliac crests wilth the help of a broad canvas pelt.

All the parameters were recorded on a
Grass madel 7D polygraph ECG was recorded
using the 7P4 preamplitier using standard Lead Il
Blood Pressure was recorded using a 7FB
preamplifier. The TR 1010 microphone was
placed over the Brachial artery and a standard
inflatable BF cutf was tied over it. Extra long
tubing was -used to conneci the culf lo the
polygraph. The calibration was done so thal a
2cm deflection = 100 mmHg. Respiratory Rate
(RR) was recorded using a Grass TCI-IR
thermocouple clipped onto a nostril and attachad
1o a 7P1G preamplifier.

The parametars were recorded every 5 min
over a 15 min resting period and the average of
the readings was taken as the base line vaiue.
Following the recording of resting parameters, the
subjects were exposed lo a graded negative
pressure, slarting with 30mmibg for 5 min,
followed by -40 mmHg for 5 min. Thereafler the

decrements of negalive pressure were -5 mmhlg
every 5 min ill Ihe subjects reached hair andpaint
{Defined later). In case lhe subjects did not reach
the endpoint even after 5 min al maximum
negative pressure, the run was carried on till the
endpoint was reached. The paramelers were
recorded continuously at a paper speed ol 2.5
mnvsac and every minute at a spesd ol 25
mmvsec. Post LBNP parameters were recorded at
0,1,2.4 and & minules.

The endpoint of the run was the
appearance of presyncope, wilh symptoms of
nausea, light headedness, sweating etc, Objeclive
criteria used ware SBP <890 mmHg, fall in SBP of
> 15 mm Hg over 2 successive readings, PP < 15
mmHg and a sudden fall in HR of = 20 bpm over
two successive readings. A Molerance index” was
calculated as the "Sum ol the producls of
pressure ditferential from control and the time (in
min) at each level of LBNP". This was done in
order 1o cater for the vanations of the level of
LBNP tolerated and the duration of lime lor which
it was lolerated by different subjects’.

Phasa Il

11 healthy subjects who had successlully
completed Phase | were subjected to +Gz stress
in the Human Centrifuge at IAM.

The protocol followed was the same as that
which is being used in IAM'®. The subject entered
the gondola and was instrumented for ECG, RR
and Superiicial Temporal Ariery Blood Velocity,
The first two parameters were recorded on a
Grass Model 7D polygraph and the blood velocity
was measured using a Doppler Sonicaid Blood
Velocimeter.

The acceleration profile followed was as
follows . onset rate 0.5 G/s, lollowad by a 10 s
period at peak G and an offset at 0.2 G/s. The
runs were started at 2.5 G peak, and buill up al
increments of 0.5 G il the subject neared his
endpaint of PLL. After this the increments in peak
G were reduced to 01 to 0.2 G tll PLL was
reached. The endpoint of the run was appearance
of PLL of 56/52 degrees using the GRADEPS
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syslem of determining the PLL, as prevalent in
this laboratory.

Statistical analysis of both sets of data was
done. In phase | the slabilised readings at each
level of LBNP, at maximum level of negative
pressure, and al presyncope were used. Mean
and SD were caleulaled and compared 1o the
resting values using a Students tesl. Similar
analysis was done with the data lrom Phase |l
alsa. Tha correlation coeflicianl was worked oul
between the Tolerance Index and tolerance o
+Gz (PLL}.

Results

Phase | :- 15 oul of 17 subjects reached
the endpoint of presyncope. The runs had 1o be
aborted prematurely in the case ol one subject
due 1o the appearance of Venltricular Preamalure
Beats (VPB), and in another due to excessive
subjective discomiort.

1 the subjecls who developed
presyncope, 11 had both objective as well as
subjective cnteria, 3 had only subjective crileria
and 1 had only ohjective criteria. The average
tolerance index for the group works oul 1o be
1710.24 mmHg.min (LBNP of -65 mm Hg for 4.76
minutes). Howavar the average tclerance index
lor the 8 subjects completing phase || works out to
be 2088.75 mmHg.min. The response of
Cardiovascular parameters and Respiratory Rate
during LBNP exposure 1o presyncope  and
recovery are shown in Fig.1.
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Fig 1 ! Cardiovascular and Respiratory Rate Response of
11 subjocts at contral, during LBNP, at presyncopa
and during recovery

Phase Il :- 8 out of 11 subjects reached
their endpaoint of PLL. The runs had to be aborted
in three cases due to appearance of VPR, and in
one case each due lo excessive nausea and
subjective discomfort.

The comparison between (he two stresses,
that is the resulls of both Phase | and 1l in lha
aight subjects who reached the endpoints both
under LBNP and +Gz are given in Tables | and la.
Fig.2 shows tha trand line when the lolerances lo
both stresses are plotted against each other.

Table | : Comparative Values for Basaline Heart
Rate {(BHA), Max Heart Aate (MHR} and Increase in
Heart Rate (HA) for + Gr and LBNP Experiments,
G Values at PLL and Tolerance Index (T1) for LBNP

are also Tabulatiad

SNo i LBHP

BHE MWHR HR G |BHR MHR HA 1l
1 a0 1348 an 72 a6 24 1180
. Rd 126 42 38 B ) 30 1340
a B4 13 50 41 72 110 a8 1 B0
4 B4 132 48" 38 TE 96 20 2080
5 ] 132 42 35 80 134 44 2050
[ B4 128 42 40 52 102 50 2635
7 9 {44 54 45 i) 114 44 2765
B a0 144 R 4B 84 120 38 a0s0
Mean A7 1345 475 402 72 108.3 363 2088 TE
+50 3.1 TO7 510 058 |1214 167 08 68554

Table Ia
BHAG - BHALENF MHHG - MHH LENF HRG - HALBNP

WD 15 25 11
o <0100 <000 <0
I DE2 0.37 01T
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Fig 2 : Eye Fit Datum Line tor LANP Tolerance index and <Gz
inleranco in pight subjrets

Discusslon

LBMNP decreases the lissue pressure, and
hence increases the transmural pressure This
causes dilatation of the capacitance vessels, and
pooling of blood in the lower limbs®'". Classically
LLBNP has been applied in the supine position with
the waist seal positioned around the lliac
crests'2. We followed this convention in the
present study. There are various protocols used
for applying LBENP ranging from the "jump” to the
stepwise decrement either with an abrupt release
or a stepwise release ol negative pressure. Since
a detinitive endpoint was reguired for this study,
presyncope was chosen as it is well defined 2
There were |wo factors used in selecting the
protocol for this study. Firstly, the presyncope is
rarely encountered below -50 mmHg, and the
frequency of subjects reaching presyncops
increase  exponentially  after  -50  mmHg®.
Secondly, the cardiovascular variables usually
stabilise I:=1y 3 to 4 minutes at each level of
LBNP'2E T2 Thus he protocol used increments
of suction of 5 mmHg after 40 mmHg, so that an
exact level of negative prassure, al which
presyncope occurs, could be identified for each
subject. The cardicrespiratory parameters wera
recaorded at the 4th and Sth minutes respectively
5o that only the stabilised readings at each lavel
of negative prassure were recarded

The results from this study show thatl the
changes in physiclogical variables are very similar
to that reported in the literature. The increase in
HR is c¢haracteristic and is due to sympalhelic
discharge following baroreceptor
deactivation”'>'  The cardiac output s
maintained at lower levels of LBNP (upto -45
mmHg) just by Ihe increase in HR. Al higher
levels of LBNP the cardiac output falls as
tachycardia alone is nol sufficient fo maintain the
cardiac outpul. The SBP shows a fall which Is
proportional to the level of LBNP. This lall is due
to the decrease in the cardiac outpul on which
SBP is dependent. DBP on the olther hand is
dependent on peripheral  resistance.  The
pearpharal rasistance in the forearm vasculalurg
increases (19% to 56% at -40 mmHg) and hence
there is not much change in DBP. The response
of Mean Arerlal Pressure (MAP) is dependeant on
the DBP response. Thus there is normally very
littke change in MAP as well. The tall in PP Is
mainly due to the decrease in SBP> 1313

Al presyncope however the changes are
dramatic. There is a sudden bradycardia and
hypotension associaled with  symptoms  of
presyncope. This has been postulaled lo ocour
due to the firing of the ventricular wall tension
receptors which are stimulated because (he
veniricles are conlracting against a _negligible
biood wvolume. Post LBNP the classical Blood
Praessure overshool is seen as the sequestered
bloed now reenters the circulatlion as a
bolus24:7 14

With +Gz acceleration also there is pooling
in the lowear limbs, causing a decreased venous
return which in turn results in the deactivalion of
the barmoreceptors setting of the reflex changes
seen. The classical increase in HR was seen in
the subjects exposed to this stress and was
similar 1o 1he results found by other workers™®10
The pre-acceleration HR was atways greater than
the pre-LBNP HR. This is atiributed to the sitting
posture and also the anticipatory increase in HR
which has been found to be proportional to the G
level to which the individual is 10 be subjected®.
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The use of PLL as an endpoimt has bean
the subject ol controversy since it is purely a
subjeclive endpoinl, but it is accepted as a
reliable indicalor of a person's +Gz tolerdnce’?
Cessalion of biood flow in the supericial lemporal
arlery has been used with success as an
objective endpoint. In our study also this was
used and seven ol the eight subjecls had
cessation of flow al PLL as reported in
literatura'®

LBNP and +Gz

In the past, workers have tried to find a
correlation between tolerance to +Gz acceleration
and orhostatic tolerance (70° HUT) without
success' . Conventional (70% HUT and passive
slanding exposes man to 1.0 G. Equivalence of
-50 mmHg LBNP (o 70 deg HUT has been
reported®. Since the LBNP exposure was to a
level grealer than - 45 to - 50 mmHg, the stress
imposed was greater. Using HR criteria alone it
has been suggested that -50 mmHg in the sitting
Posture could be equivalent to +2 Gz. However
this conjecture was based on a review of data
from various studies'® It has alse been
suggested that it s possible 1o find an
equivalence of LBNP with +Gz'7 '8

In thig study, two well detined endpoints viz
presyncope and PLL were used. Furthermore the
lolerance index lends itself well 1o stalistical
analysis. A very high degree of correlation of 087
was found between the Ilolerances to the two
stresses. From Table | and Fig 2 il 15 evident that
a subject showing a higher tolerance to LBNP
also showed a higher +Gz tolerance. Subjecis 3.4
and 5 all had average LBNP and +Gz lolerances.
Similarly subject 1 had low LBNP and 40z
lolerances, and subjects 7 and 8 had high
tolerances lo both stresses. It is thus evident that
cardiovascular responses to these two orthosiatic
stresses are comparable. However there were
certain shortcomings in this study - (i) LBNP was
applied in the supine position thus gliminating the
hydrostatic pressure gradient produced by gravity,
(i} The lime taken to reach peak LBNP and the
lime for peak G were very different and {iii) the
number of the subjects used in the study was

small. It LENF is applied in the sitling posture, the
comparisons may be more appropriate. With this
there will be a hydrostatic pressure gradient
acting from head to toot, howaver the time course
of events to the endpoints with LBNP will always
be much more than with +Gz as the onset rates of
0.5 10 1.0 G/s means that the subjects reach the
endpoinl of PLL earliar

That such a correlation exists excites the
speculation thal there may be a role for
baroraceptor training'® 1t is known thal repeated
LBNP increasss a person's lolerance to |LBNP'Y.
Also a long lay off from llying decreases a
person's G tolerance. Could | BNP be used lo
improveé a person's G lolerance. and to
reastablish a decrement when he has been off
tying? These are the possibilities which need o
be investigated furnther

References

1. Baish F, Boler J and Marsbach H. Lowar Body
Negative Fressure (LBNP). A Method nof Controllad
Cirevdation Disarder -Zoro G - Simulation for Graund
Based Studies in Human Physlalogy with Emphasls on the
Cardicvascular and Body Fllid Systems. Pracesdings of a
Warkshop. Published by : ESA Sciantific and Technlcal
Branch. ESTEC, Noordwijk, Tha Matherlands, 1982; 43-78,

2. Wolthuis RA, SA Bergmann, AE Micogaussian,
Physiclogical Effects of Lacally Applied MNegative Pregsure
in Man. Physiclogical Revisws 1974; 54, No3: 566-598.

4. Brown ESJS Goal ADM Greenfield and GG
Plassaras.  Circulalory  Responses 1o Simulated
Gravitational Shifts of Blood in Man Induced by Expasure
of the Body Below liac Grests. 1o Sub Atmospheric
Pressure. J Physial London, 1986; 183 607627,

4. Rotha CF, Reflex Caontral of Veins and Vasecular
Capawitence. Physiol Reviews 1883; 63: 1281-1130,

5 Bilingham J. EHect af Gravity on the
Cardiovasciiar and Hespiratory Systerns. 1970: AGARD
CP &5

6. Burlon RA, SD Leverell and S0 Michaelson.
Man at High Sustained +Gz Acceleration. A Raviaw.
Aerospace Med 1974; 45: 1115-1136.

7. Murray RM, LJ Thompson, JA Bowens and CP
Albrighl, Haemadynamic Eftects of Gradae Hypovolumaeia
and Vasodepressor Synaops Produced by Low Body
Megative Pressure. Am Heart J 1968 76: 709817,

8. Dowell AR |, PG Schmid , DO Nutter and KN
Sullivan, Ventilation, Lung volumas and Gas Exchange
During Low Body Negative Prassure, J Appl Physiol 1969;
26: 352-350,

i

ind J Aerospace Med 38 (2) December 1992



8, Dowall AR, SF Schall, B Spielvogel and SA
FPohl. Effect of Lower Body Negaive Pressure upon
Pulmonary Ventilation and Perdusion as measured using
Xenon 133, Awrospace Med 1969; 651654,

10, Gupta JK and MM Dogra. Superfical Temporal
Arlery Blood Flow under " gz" Acceleration with Doppler
Blood Velocimeter, Aviation Moedicing 1987, 311 1-4,

11, Epstain SE, M Slampler and GO Beiser. Rolo
¢l Capacitance and Reslstance Vassels in Syncope.
Circulation 1968; 37, b2d.533,

12. Ravan Peler B, Debbie Rohm-Young and C
Gunnar Blo ist. Physlcal Fiiness ‘and Cardiovascular
Responss to LENP. J Appl Physiol 1984: 56(1)° 138-144

13. Coburm RK. Physiological End Ponts in
Accaleration Research, Aerospace Med 1871;41: 5-12

14. Dogra MM. Delermination of Tolerance 1o
Lower Body Wogatlve Prassura 1o Assess ds Uliity as a
[wul lor Ovlhostatic Toleranco, MO(Av Med) Thesis, 1AM,
Bangalora Univarsily, 1987,

15. Zollar AP, AL Mark, FM Abboud PG Schmid
and DD Hurstad, The Bola of Low Pressurs Baroreceptors
in Rellex Vasoconstrictor Response in Man, Fardaration
Proc 1971; 30; 549,

16. Hiton F, J Glordana and & Fortnay.
Vasodemessor Syncope Induced by Lowar Body Magatha
Prassuri | Posaible Aelevance to +Gz Stress Training - A
Casa Repornt, Aviat Space Environ Mead 1989 60, 61-83,

17, Klein KEH Brunner,D Jovyl Wogt & HM
Waigmann Influsnce of Stalure and Physcal Fitneas on Till
Table and Accslaration Tolerance. Asrospace Med 1969;
40{3]: 263-297.

18, Lategola F and JG Trent LBNP Box for +Gz
Sirulation In tha Upright Seatad Posture. Awval Space
Environ Mod 1979; 50, 11821184,

19. Lighttaot Td |, 5 Fablug and SM Faorlney.
Adaptation 10 Ropeatad Prasyncopal Lowar Bady Nagatlva
Prassure Exposure. Avial Spoace Environ Mod 1080, B0;
1722

ind J Asrospace Med 36 (Z) December 7992

)



