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Cardiovascular Changes under Lower Body Negative Pressure
in Indian Subjects

MM Dogra, JK Gupta

A lewer body negative pressure (LBNP) equigment
was dovelaped with the view fo datermine LEBNP tolerance
among healthy Indian subjects and sssess the ulility of
LEBNP test as a losl of orthosiolic lofersnce. A tolal
number of 15 haalthy maen were sublected to dilforont
LEBNFP exposure profiies varying from -25 mm Hg of 16 min
oxposure o 45 mm Hg el 20 min oxposure.
Cardiovascular variables viz. ECG and blood pressure
were monltored, LBNP lovels of -30, -35, <40 and <45 mm
Hg expasures for 20 min praduced changes In hoarl rite,
dipstolic blood pressure (DBFP) and mean arterlal pressurs
(MAP) of & magnfiude a litte lesser than reporied in head
up tilt (HUT) test for indian subjects. Tha changes in puise
pressure (FP) were sinilar fo HUT dats, whereas the
changes In systolle blood pressures (SBP) values were
found to be much more marked on LENP axposure as
compared te HUT dala reported. One subject showed
prasyncopal symptems at 20" min of exposure to <35 mm
Hg.

Keywords : Orthostalic lelerance, comparison
with haad up tift

App]ication ol lower body negative
pressure (LBNP) is @ non invasive technigue usad
exlensively for the assessment of erdhostatic
tolerance, for the prevention of orthostatic
infolerance secondary to hypogravily silualions
encountered in space flights and its ground
simulation eg. bed resi and waler immersion and
also as a therapeutic measure in some seleclive
clinical conditions.

Application of LENP causes an elevation in
lower body vascular transmural pressure which
leads to the sequeslering of blopd in lower body
capacitance wvessels and, fo a lesser extent,
extravasation of plasma filtrate. Pooling of blood
of the order of 0.5 - 1.0 litre cccurs during -30 lo
-50 mm Hg LBNP application’ . The exact amount
of pocling and loss of circulating velume depends
upon the magnitude and duration of the reduced
pressure as well as difference in individual
physiological response.

Equivalance has been reporled in
physiological responses {o cerfain levels of LBNP
and traditional 70" head-up-till {HUT}"?. The latter
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method Is used routingly at this Institute for
avalualing cases ol orthoslalic insufficiency and
low 'G' tolerance cases as HUT is considered an
impartant clinico-physiological investigation in the
assessment  of individuals  with  suspected
cardiovascular reflex  status abnormality®. The
present study was carried out with a view (o
determing LBNP lolerance among healthy young
Indian adults and assess 15 wtility as a test for
arthostatic tolerance.

Material and Methods

The LENP equipment was developed
indigenously for (he purpose of this study, It
consisted of a LENP box mounted on a plywood
table. The LENP box is made from perspex sheet.
It is 104 cmin length and 79 cm wide at the base.
The oot end of the box Is closed with &
semicircular steel plate with pons for suction
pump, safety valve and mercury manometer. The
upper end of the box consisls of a stesl plate with
an oval opening for the entrance of the subjects’
lower body. All along this opening, a 2 mm thick
rubber sheet is aftached. Adjacent o the
attachment of the rubber sheel o the opening of
the sleel plale, a pneumatic rubber tube was
vulcanised all along except at the area of the table
surface where the subjects’ back rest. After the
subjects” lower body enters into the -box, the
pneumatic tube 1s inflated. This tube and the
extended flap of the rubber shgel function as the
waisl seal during application of suction preasure,
& comman house hald vacuum cleanar pump was
used to create negative pressure in the box '

Lower half of the subject uplo iliac crests is
insertad inlo the box. The subject rests his crolch
on & seat fitted on the table and lies suping oh the
table comforlably. Subject’s legs and fesl are free
inside the LBNP box. The wais! seal is placed at
the tevel of iliac cresls, with free surface of the
scal flap outwards and a belt tightenad aver the
flap around the waisl



A total number of 15 normal healthy male
volunteers taken from the Inslilule stafl were
sludiad at seven diflerent prolocols of LBNP
exposures. Age, height, weight of the subjocts
and their LBNP exposure profiles are shown in
Table |, The subjects were made 1o lie supine

Table -l Physical Characleristics of the Subjects
B s
LBNF  LBNP{mm Hp) Stna Agn Heght  Weight

Peefile  Duration (min) — (Yeers) |em) {igl
I it L] KU o3 1650 520
0K 2 1650 B0
] 3016 PON ]| 1780 G680
[*1 35 165.0 70
1] S5 6 MKD &0 1650 700
CER a0 1680 60
¥ L] AKC ] 1750 8.0
M3 26 1600 &0
35 a1 1850 580
v -A520 il #h 1780 660
s8C 22 1650 600
| 4020 PE 4 1630 @0
5C 25 1678 £id
Vi A5/20 PES 23 1800 o
PON N 1780 [4:4+]

horizontal on the table. Lower part of body was
inserted inte the L BNP box and waist seal fitled al
the level of iliac cresl. The subjecits were
explained the procedure, reassured and
nstrumented for ECG menitoring on CME lead
and blood pressure recording using cuff and
microphong, both connecled to a Polygraph
(Model 7D, Grass, USA). ECG and BP were
recorded at 04,10 and 14 minutes during ths
pre-LBNF resting period. During the LBNF period,
ECG was continuousiy recorded with paper speed
of 5 mm/sec. Further at every 2 minutes, ECG,
systolic blood pressure (SBP) and diasiolic blood
pressure (DBF) were recorded with the paper
speed of 25 mm/sec. Pulse pressure (PP} was
calculated from SBP-DBP dilference and the
mean arierial pressure (MAP) was computed from
DBP + Vi PP,

Resuit and Discussion

Out of the tolal 15 subjects studied, only
ong subject in profile v, i.e. with -35 mm Hg for 20
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min prolocol showed clinical features suggestive
of pre-syncope. He hﬁd sweating and wvague
discomfort during the 20" min of the test. His 20"
min recarding as compared to that of 18™ min
showed marginal drop in HR and SBP dropped
from 135 mm Hg to 120 mm Hg. Syncope or
presyncopal episode has been reported to be
morg common with LENP levels of more than -40
mm Hg, with incidence rising as the suction
pressure Increases’.

Mone of the subjects developed any
significant ECG changes, with no eclopics or
ST-T changes seen during the lest, All the
subjects reporled a leeling of drowsiness during
the lest.

Mean values ol cardiovascular variables
belore and during LBENP exposures of different
profiles are presented in table . Thers were
consistant increases in mean LEBNP hearl rate in
all proliles, more markedly in profiles 1l to VII,
Largest LBNP heart rates were always highar
than the pre-LBNP values. Lowest LBNP heart
rates ware also highar than pre-LBNP values in all
cases exgepl in profiles | and 11,

Frofile | produced a slighl nse in mean
SBP. In all other proliles, the mean SBF values
were consistently lower during LENP compared to
pre-LBNP levels. In all the profiles, the lowest
SBP values were markedly lower than pre-LBNP
levals.

DBP changes on LBMNP did not follow a
consistent pattern. While the largest values of .
DEP on LBMNP were found to be higher than their
respective pre-LEBNP levels in all the profiles, Lhe
mean LENP values were lound lo fall below their
pre-LBMNP levels in profile |, Il and V1.

PP decreased in its mean LENP valuas in
all circumstances except in profile . The lowest
LENP values of PP were markedly and
consisiently lower than their pre-LBNP lavels in all
the profiles. MAP values during LBNP, like those
of DBP, wera not consistert. The larges! LENF
values of MAP were always higher than the
pre-LBNFP stale, bul the mean MAF values on
LEBNP were found to fall below their pre-LENP
levels in profiles 1, 11, 1V and VI,
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Table - I Mean Values of Cardiovascular Variables before and during Exposures at different Profiles of LBNP

Prodilel Proflall Profia 0l Prohite ¥ Profiey Profila V| Frofile Wi
(n=2} =3 {n=2) {nad) {n=2) fn=2) n=2

Pro-enp na 875 %8 3.2 E58 e 756

HH Exp-Moan 75 a4 EQ4 902 et BE 5 ary
{bpm) M s 850 @50 850 BZS D28 5.0
hin 655 B0 850 a7 675 o an.0

SEP Pro-awp 175 114.4 120.2 124 1275 1235 1146
{mm Hy) Exp-Moan 123 1108 1240 1218 120.¢ 1159 1145
Mz 1215 1175 1560 1283 1300 1200 1225

Min 125 107.5 120.0 1173 100 1125 107 6

DeP Fro-axp no 6o 819 H0.4 EED i T3
{mm Hy) Exp Maan GRG oTh &7.0 a21 734 79 TR
M h TS 9.0 8.0 wn B25 B0

Min 600 - 05 763 65.0 1.0 Hii

PP Pra-axp 465 453 463 L 616 474 AG 4
e High Exp-Mann 527 429 318 b 413 4240 a4
Max BOO 20 415 0.0 575 4540 500

Min 400 ars 275 323 0.0 325 20

M Pree-gxp BES Bi5 474 269 168 a1.5 86
[mmHgl  Exp-Maan BE2 g22 935 954 881 8% 0 A2
Max BO.O 850 1040 ) 1660 b s 0

Min 1.0 o 850 a2 §2.5 B&_.U - B4 0

Table Wl presents Ihe changes in HUT data. SBP changes, on the other hand, are

cardiovascular variables during diflerent LBNP
profiles as compared to pre-LBNP values. These
changes are presented as mean changes and as
largest increase or fall during LBNP and are
compared against  similar  presentation o
Orthostatic data of Indians on 70" head up Uit as
reported by Dikshit et al®. It is seen that both
mean and largest increase in heart rate on LENP
profile 1l to VIl are marginally less compared 1o

much maore pronounced on LENP exposure,
effecling a marked fall both in mean and lowest
values of SBP in all profiles except in profile |, As
compared to HUT data, the mean DBFP changes
on LENP are found inconsistent. However, the
largest increase in DBP are comparable to HUT
daia in the direction of ¢hange and 1o some exlent
in the degree of change as well. The pulse
pressure changes on all LBNP profiles except

Table - lll Comparison of cardiovascular changes produced by LBNP and 70 degree HUT over raspeciiva
pre exposure values (mean)

Varable e | 1 I e e — 70 HUT
| 1] i W Ul ¥l Vil Drikshitetal
n=2 =2 nZ n=3 = n=F ned n = 166
HR Average +04 +29 135 #1140 83 W88 1131 +16.0
(bpen) Largastinzrezsa 462 s38 +181 +158 169 155 194 10
SBP Average +32 25 -34 A0 5.8 -i-B -5.0 . +1.4
{mm Hg} Largest &l L0 654 A2 125 475 110 -12.0 -4.0
DEP Average -gd g2 0% T +565 5 +50 3.0
(mm Ha) Lamestincreasa 440 Wi 13 HE 231 61 +104 140
PP Avarage +h2 -14 B.7 5T 133 58 10.0 0.0
{m Hg} Langestial 65 48 JBE AT -HE 154 N4 180
MAP (mmHg)  Averaga -3 -13 2.1 18 23 35 116 160
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profile | are in the same direction as thal seen
with HUT and the values al profiles Ill, IV and VII
compare well with HUT dala. Like that of DBP
changes, MAP changes seen during LENP were
also equivocal and indicative of somewhal lesser
degree of change as compared lo a definite
increase in MAP seen during HUT.

Wolthuls et al® and Hoffler et al® have
compared various levels of LBNP with HUT and
passive orthostasis. They have found equivalence
in respect of HR and DBP changes belween 40
to -50 mm Hg LBNP with HUT or passive
standing, Changes in SBP were found 1o be
opposite i.e. a rise during orthostasis and a lall
during LBNP. In the absence of a delinite end
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point, the LENP stress imposed on our subjects in
profiles IV to VIl showed somewhat similar strain
as seen with HUT and could be uselul in
evaluating individual's arihosiatic tolerance.
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