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INTRODUCTION

Effects  of  prolonged 6°  head-down bed
res t ,  a  l abora tory  model  o f  micrograv i ty ,
have been well studied (1). Acute head-down
t i l t  (HDT)  i s  an  es tab l i shed  exper imenta l
model  for  cardiopulmonary volume loading
(2) .  Pro longed  20  degrees  HDT and  ta i l
suspension in rats have been used as models
of cardiovascular deconditioning and greater
degrees  of  HDT model  negat ive G (3) .  On
the other hand, reduction of central  venous
pressure with infusions of  atr ial  natr iuret ic

fac tor  has  been  demons t ra ted  to  p roduce
reflex activation of the sympathetic nervous
sys tem (4) .  However ,  there  a re  very  few
reports on the acute effect of various degrees
of HDT (tilt angle > 30°) on blood pressure
(BP) and heart rate (HR) in human subjects.
Thus ,  in  th i s  s tudy ,  we  a imed  to  examine
the acute effects of 30°, 60° and 80° HDT on
BP and HR in  heal thy  human subjects .

SUBJECT AND METHODS

We s tud ied  20  hea l thy  young  male
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sub jec t s  aged  18-20  yr .  The  Ins t i tu te
Research  Counc i l ,  J IPMER,  approved  the
study protocol .  Al l  subjects  gave informed
consen t .  Lead  I I  ECG was  recorded  on  a
polygraph (Grass Instruments Inc, USA). BP
was  measured  wi th  a  ca l ib ra ted  anero id
sphygmomanometer  (Enma,  Japan) .  Al l  BP
measurements  were  made  by  a  s ing le
observer. A manually operated tilt table with
footp la te  suppor t  was  used .  Subjec ts  were
familiarised with the HDT procedure before
actual  recordings were taken.  Subjects  who
were unable to tolerate the procedure were
excluded from the study. Tests were done 2
h after a l ight breakfast .  Subjects refrained
f rom smoking  on  the  day  of  the  tes t s .
Subjects were not taking any medication at
the t ime of  test ing.

Head-down t i l t  procedure :  With  the  sub jec t ’ s
head res t ing on the  footboard,  s t raps  were
appl ied  a t  the  l eve l  o f  knees ,  wais t ,  and
shoulders. Additional straps were applied to
the  ank les  over  the  sof t  pads .  Care  was
taken to see that there was no discomfort to
the subject or interference with the subjects’
b r e a t h i n g .

The  sequence  in  which  record ing  was
done is as follows :

• Baseline : 10 min supine rest on the tilt
t a b l e .

• 30° HDT for 5 minutes

• 5 minutes  rest  in  the supine posi t ion

• 60° HDT for 5 minutes

• 5 minutes  rest  in  the supine posi t ion

• 80° HDT for 5 minutes

• Supine  pos i t ion

Thus ,  the  sub jec t s  were  kep t  in  each
degree of tilt for 5 min. Between each degree
of  t i l t ,  the  sub jec t  was  t i l t ed  back  to  the
horizontal position and allowed to rest for 5
min .  The  sys to l ic  p ressure  (SP) ,  d ias to l ic
pressure  (DP) ,  pu lse  p ressure  (PP) ,  mean
pressure  (MP)  and  HR were  measured  a t
each angle of  t i l t  immediately af ter  and at
1, 2, 3, 4 and 5 min after tilt. Pulse pressure
(PP)  was  ca lcu la ted  as  the  d i f fe rence
be tween  SP and  DP and  ra te -pressure
produc t  (RPP)  was  ca lcu la ted  as
SP × HR × 10 –2 as  in  reference 5 .

Stat i s t i ca l  ana lys i s  :  All  da ta  g iven  as
mean ± SD.  Changes  dur ing  t i l t  were
compared  wi th  base l ine  va lues  us ing
Student’s paired t-test. A two-tailed P  value
<0.05 was considered signif icant .

R E S U L T S

Resul ts  are  given in Tables  I–III .  With
30° HDT, there was no significant change in
SP,  DP,  MP,  HR and  RPP throughout  5
minutes  compared to  pre- t i l t  supine values
(P>0.05 for all). Changes in SP, HR and RPP
were  ins ign i f ican t  fo r  a l l  ang les  o f  t i l t
(P>0.1) .  The  increase  in  DP was  d i rec t ly
proportional to angle of tilt and statistically
significant for 60° & 80° (P<0.01 for both),
whereas it remained unchanged at 30° HDT.
A decrease in PP occurred at  al l  angles of
t i l t ,  the  decrease  was direct ly  proport ional
to angle of  t i l t  and stat is t ical ly s ignif icant
for 60° & 80° (P<0.01) but not 30°.
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TABLE I : Effect  of  30° head-down t i l t  on systol ic  pressure  (SP) ,  dias tol ic  pressure  (DP),  pulse
pressure  (PP) ,  mean  pressure  (MP) ,  hear t  ra te  (HR) and rate pressure product (RPP).

P a r a m e t e r s S u p i n e I m m 1 2 3 4 5

SP (mm Hg) 1 0 4± 8 . 9 1 0 2± 13 .4 1 0 4±8 . 9 1 0 4±8 . 9 1 0 5±8 . 9 1 0 5±8 . 9 1 0 5±8 . 9

DP (mm Hg) 6 7± 9 . 8 6 9± 10 .7 7 1±8 . 9 7 1±9 . 4 7 2±8 . 9 7 2±8 . 9 7 2±8 . 5

PP (mm Hg) 3 7± 8 . 5 3 3± 10 .7 33 .0±11 .2 3 3±10 .3 3 4±10 .7 3 3±9 . 8 3 3±10 .7

MP (mm Hg) 7 9± 8 . 5 8 0± 9 . 8 8 2± 7 . 6 8 2± 8 . 5 8 3± 7 . 6 8 3± 8 . 0 8 3± 7 . 6

HR (bea t s /min) 7 4± 15 .2 7 1± 9 . 4 6 8± 8 . 0 6 9± 7 . 6 6 8± 8 . 0 6 8± 8 . 0 6 7± 8 . 0

RPP (un i t s ) 7 6± 16 .5 7 3± 14 .3 7 2± 11 .6 7 3± 11 .6 7 3± 11 .2 7 3± 11 .2 7 2± 12 .5

Imm : immediately after tilt; 1, 2, 3, 4, 5: minutes after tilt. Data are expressed as mean±SD for 20 subjects.
P>0.05 for  a l l  compar isons  be tween t i l t  and supine  va lues .

TABLE II : Effect  of  60° head-down t i l t  on systol ic  pressure  (SP) ,  dias tol ic  pressure  (DP),  pulse
pressure  (PP) ,  mean  pressure  (MP) ,  hear t  ra te  (HR) and rate pressure product (RPP).

P a r a m e t e r s S u p i n e I m m 1 2 3 4 5

SP (mm Hg) 1 0 4± 8 . 9 1 0 4± 13 .4 1 0 5±12 .5 1 0 6±12 .5 1 0 6±11 .6 1 0 7±11 .2 1 0 6±11 .6

DP (mm Hg) 6 7± 9 . 8 7 5± 8.9* 7 5± 8.5** 7 6± 7.6** 7 7± 8.9** 7 7± 7.2*** 7 7± 8.9**

PP (mm Hg) 3 7± 8 . 5 2 9± 12.1* 2 9± 10.7* 3 0± 11.2* 2 9±8.9** 3 0± 8.9* 2 9± 11.2*

MP (mm Hg) 7 9± 8 . 5 8 5± 8 . 5 8 6± 9.8* 8 6± 8.5** 8 6± 8.9** 8 7± 8.0** 8 7± 8.9**

HR (bea t s /min) 7 4± 15 .2 6 6± 8 . 0 6 8± 7 . 6 6 9± 9 . 8 6 9± 8 . 9 6 9± 8 . 0 7 0± 9 . 8

RPP (un i t s ) 7 6± 16 .5 7 0± 13 .4 7 2± 13 .4 7 5± 14 .3 7 3± 13 .0 7 4± 13 .0 7 6± 12 .5

Imm : immediately after tilt; 1, 2, 3, 4, 5: minutes after tilt. Data are expressed as mean±SD for 20 subjects.
*P>0.05,  **P<0.01,  ***P<0.001 compared to  supine values .

TABLE III : Effect  of  80° head-down t i l t  on systol ic  pressure  (SP) ,  d ias tol ic  pressure  (DP),  pulse
pressure  (PP) ,  mean  pressure  (MP) ,  hear t  ra te  (HR) and rate pressure product (RPP).

P a r a m e t e r s S u p i n e I m m 1 2 3 4 5

SP (mm Hg) 1 0 4± 8 . 5 1 0 4± 12 .5 1 0 8±14 .3 1 0 8±12 .5 1 0 7±12 .1 1 0 8±13 .0 1 0 9±12 .5

DP (mm Hg) 6 7± 9 . 8 7 7± 8.0*** 7 7± 8.0*** 7 9± 8.0*** 8 0± 7.9*** 8 0± 8.9*** 8 0± 9.4***

PP (mm Hg) 3 7± 8 . 5 2 6± 11.2** 3 1± 11 .6 3 0±10.3* 2 7± 10.3** 2 8± 10.7** 3 1± 10.3*

MP (mm Hg) 7 9± 8 . 5 8 6± 8.5** 8 8± 8.9** 8 9±8.5*** 8 9± 7.6*** 8 9± 8.9*** 9 0± 9.4***

HR (bea t s /min) 7 4± 15 .2 6 8± 10 .7 7 1± 10 .3 7 0± 9 . 4 7 0± 9 . 8 7 0± 8 . 5 7 0± 8 . 9

RPP (un i t s ) 7 7± 16 .5 7 1± 16 .5 7 7± 16 .1 7 6± 13 .9 7 5± 15 .2 7 5± 13 .0 7 8± 13 .9

Imm : immediately after tilt; 1, 2, 3, 4, 5: minutes after tilt. Data are expressed as mean±SD for 20 subjects.
*P>0.05,  **P<0.01,  ***P<0.001 compared to  supine values .
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D I S C U S S I O N

Our data reflects the acute effects of 30°,
60° ,  and  80°  of  HDT in  hea l thy  human
subjects. In the present study, results of 30°
HDT are  s imi la r  to  those  repor ted  ea r l i e r
(6,  7) .  There are no signif icant  changes in
BP and HR.  Goldsmith  e t  a l  (7)  found no
changes  in  HR,  mean  a r te r ia l  p ressure ,
p lasma norep inephr ine  and  p lasma ren in
activity during 1 hour of sustained 30° HDT
accompanied by sal ine infusions to achieve
a  s ign i f ican t  increases  in  CVP.  However ,
London et al (8) have reported a decrease in
forearm venous  tone  in  cont ro l s ,  a l though
BP,  HR and baroref lex  sens i t iv i ty  d id  not
change  in  the i r  sub jec t s .  An increase  in
card iopulmonary  b lood  vo lume as  occurs
with 15° and 30° HDT has been shown to be
associated with a reflex decrease in muscle
sympathet ic  nerve act iv i ty  and decrease in
forearm vascular resistance but little change
in BP and HR(6).

The decrease in PP during 60° and 80°
HDT is most likely due to a decline in stroke
volume as a result of acute excessive cardiac
loading. Olfert et al (9) assessed ventilatory
homogeneity using the phase III slope of the
Hel ium mul t ip le  b rea th  washout  t echnique
in  seven  hea l thy  human sub jec t s  dur ing
acute 60° HDT and reported that an increase
in pulmonary water and compression of lung
parenchyma by engorged great  veins in the
thorax may atleast be partly responsible for
alterations in ventilatory homogeneity in the
HDT position. Thus, it is likely that 60° and
80°  HDT ( in  our  s tudy)  may  a l so  be
associated with impairment in gas exchange.
The  resu l tan t  hypoxemia  could  have
ac t iva ted  the  sympathe t ic  nervous  sys tem.
Furthermore,  the raised intracranial  tension
accompanying  60°  and  80°  HDT reduces
blood flow to the vasomotor center and elicits

an  increase  in  sympathe t ic  ou t f low
(Cushing’s reflex) (10).  Whitson et  al  (11)
evaluated the effect  of  normobaric  hypoxia
on  endocr ine  responses  to  sus ta ined  30°
HDT. They reported an increase in  plasma
aldos te rone ,  and  ren in  ac t iv i ty ,  and  found
that hypoxia attenuated the release of atrial
na t r iu re t ic  pep t ide  dur ing  HDT.  However ,
hypoxemia has a direct depressant effect on
myocardia l  contract i l i ty  (10) .  Thus ,  in  our
study, the significant increase in DP during
60° and 80° HDT could have occurred as a
resu l t  o f  hypoxemia  and  or  ra i sed
int racrania l  tens ion.  Indeed,  in  a  s tudy on
the effect  of  70°  HDT in  12 heal thy male
subjec t s ,  SP  increased  by  7 .5% and  DP
increased by 15% (8). However, in our study.
HDT was  assoc ia ted  wi th  s ign i f i can t
increase in DP but  not  SP.  This  may have
been due to the fact that SP is also influenced
by  the  e f f ec t s  o f  excess  venous  re turn  on
stroke volume besides the stimulatory effects
o f  sympathe t ic  exc i ta t ion  on  HR and
myocard ia l  con trac t i l i t y .  Fur thermore ,  as
stated above, hypoxia could have had a direct
depressant effect on myocardial contractility.
Thus, changes in SP are difficult to interpret.
In a study of the effects of 1 hour of HDT on
rabbi t s ,  Wen e t  a l  (12)  repor ted  tha t  the
grea tes t  decrease  in  p ro te in  concen t ra t ion
in  p lasma occur red  dur ing  the  f i r s t  f ive
minutes  of  HDT.  They expla ined  tha t  th i s
was  due  to  an  increase  in  cepha lad
hydrostat ic  pressure and leakage of  plasma
proteins due to disruption of tight junctions.
They  have  a l so  sugges ted  tha t  s imi la r
phenomena  might  a l so  occur  dur ing  th i s
condition in the lungs, and this would lead
to hypoxemia and fur ther  act ivat ion of  the
sympathe t ic  nervous  sys tem.  Us ing  a
spectral analytic approach, Weise et al (13)
reported a decrease in absolute power of the
low f requency  components  o f  hear t  ra te
var iab i l i ty  and  b lood  pressure  var iab i l i ty
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during 100 degrees HDT in healthy subjects
sugges t ing  an  e leva t ion  in  sympathe t ic
ac t iv i ty .

Limitat ions  :  The BP before  each  degree  of
t i l t  was  assumed to  be  the  base l ine  BP
obta ined  before  30  degrees  HDT,  th i s
assumpt ion  could  have  been  avoided  by
measur ing  base l ine  BP before  each  degree
of tilt. Secondly, the hydration status of the
subjects was not specifically controlled, and
therefore confounds interpretation of results
to  a  cer ta in  extent .

In  our  s tudy,  analysis  of  ar ter ia l  blood
gases  dur ing  HDT would  have  been  more
informative.  In conclusion,  while acute 30°

HDT does  not  produce  s igni f icant  changes
in BP and HR, 60–80° HDT for 5 min results
in a significant increase in DP and decrease
in PP but little change in SP, HR and RPP.
The decrease in PP is most l ikely due to a
fa l l  in  s t roke  vo lume due  to  excess ive
preloading of the ventricles. The increase in
DP could be due to sympathoexcitation due
to raised intracranial tension occurring with
60° and 80° HDT. Whether such mechanisms
are operat ive needs to  be invest igated.
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