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PHYSIOLOGICAL MECHANISMS INVOLVED IN THE

CARD |OVASCULAR RESPONSES TO POSTURAL STRESS
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The intrathoracic blood volume reduces each time a person
changes posture from swpine to ereclt, resulting in a
Lemporary fall in blood pressure and pooling of blood in
the legs. Cardiovascular reflexes involvirg the autonomic

neryvous system increase heart rate and peripheral
resistance Lo maintain arterial hlood pressure whilc
conslriclion of the capacirance veins helps to continue

Lhe venous return to the heart in order to maintaln
cardiac output., In this brief review, currenl concepts
of thc physioclogical processes inpvalved in the wvarious
cardiovascular responses to postural stress are discus-
sed with special emphasis on Lhe possible Canses of
failure of the reflex response in apparecatly healthy
individuals. This understanding has a spacial bearing
ol vasovagal syncope in aircrew.
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IN day to day activity, a change of fall in blowd pressure which otherwise
posture frem supine to erect iz a may Tesult in postural hypotension
stress that imposes a threat to the which can produce serious disabhility.
maintenance of normal blood pressure It =sitands to reason that  in certain

and cardiac cutput because of Lhe rapid
reduction in the cenitral blood volume,
and pooling of hlood in the leps.
Relflex cardiovascular adjustments must
then be brought into play to avert Lhe
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work situatlons such as aviation where
exaggerated postural sHlress OCCurs
frequently as a routine, the integrity
of the cardiovascular reflex mecha-
nisms which help to maintain blood
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pressure is of primary importance. It
is Ltherefore the aim of this paper Lo
review the current understanding of
the cardiovascular reactions which help
to maintain bleod pressure during
postural satress and the physiological
mechanisms  which bring about these
redcLions.

A chanpe from the supine Lo Lhe
erecl posture transfers about 600 ml of
blood into the legs (42). The hydrosta-
tic pressure gradient set up by the
gravity effect reduces the pressurc at
thie brain level by about 25 mm Hg as
comparcd with that at the heart level
while Dbelow the heart level the pres-
pure increases eégually on the arterial
as well as the venous side, and s
gbout B0 mm Hg higher than the heart
leve ] pressure at the foot end (35).
The velns are hiphly distensible strue-
turcs because they contaln viscoelaslic
tiwsue (40). This prowmotes the pooling
of blood in the dependent regions, and
with Lhe contlnuation of the postural
gtress, the Intravascular pressure will
exteed that In the adjacent extravascu-
lar tissue and result in an outward
filtration of the blood, furcher enhan
¢ing the pocel formation and the loss in
cireculating fluid volume. Unless prompt
adjustments are hrought about by ini-
tiation of compensatory cardiovascular
reflexes, Lhe arterial bloed pressure
gnd the cardiac output may fall to
dangerously low levels.

Reduction in c¢enlral bleoed wolume
and fall in the venous return to the
heart (pre-load) reduce the afferent
input from the low-pressure cardiovas—
cular and the arterial baroreceptors
{3,17) to the solitary tract nucleus.
This information is dintegrated in the
miedulla by the paramedian reticular
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nuclei (27), the hypothalamus and the
cortex (5). The co-ordinated ouL pul of
the autuonomic nervous system Is direc-
ted to the heart and the peripheral
vasculature to increase the heart rate
and the vascular resistance to malnlaln
the arterial blood pressure, and to
constrict the capacltance velns L
reduce the extent of pooling of the
blood in the legs In order to promobe
venous  return. The details of these
physiological reactions are discussed
hereafter.

Reflex heart rate changes

The reflex heart rate increase that
necurs during postural stress eould be
atrributed te a reduction in  wvagal
tonc, an increase in sympathelrie
activity or a combination of both the
facrtors.

The immediate heart rate increase
with sLanding — the commonest postural
stress in day to day life is abolishe:d
by atropinisation, but is unatfected by
heta—adrenoceptor blockade with propra-
nalel, and is therefore brooght about
by a withdrawal of wvagal tone(l4).
These authors alsc noted a rebound
vagotonia which produces a relative
bradycardia after abour the inicial 30
beats afler attaining erect posture,
and attributed this effect te muscular
activity associated with standing be-
causce this part of the reflex was ab-
s=ent when the subjects were tilted
head up by 70 deg during which the leg
muscles are not brought in, to play.
Vagal Lone wilhdrawal as a4 cause of the
reflex tachycardia which accompanies a
fall in the arterial blood pressure was
also suggested by others (22, 29), but
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vasodilator drugs were used in  both
thege studies to produce the fall in
bloed pressure in supine subjects. The
attenuation of the reflex tachycardia
during head up tilt (HUT) was more
marked with beta-adrencceptor blockade
Lhan with vagal blockade (32), sugpest-
ing that sympathetie stimulation of the
heart is mainly responsible for the
effoct.

Teopkky (24} also obscrved that the
heart rate during HUT in subjectx who
had taken 40wy propranoclel crally two

hours before the tesr was abour 20
beats/min  less  Lhan  the heart rate
during HUT without the drug. He did nol
study the eftect of wvagal blockade.
Durlng exposure to positive (radial)
acceleration stress  {(which produces

larpe and rapld transfer of circulating
blood to the peripheries) the tachyear
tdia responss  was dllenuwsted by  both,
vagal blockade and beta-adrenceeptor
Blockade, and was almost abolished when
combined blockade was used to denervate
Llie heart pharmacologically (6).

The above evidence sugsgests that
the reflex tachycardia seen wilh postu-—
ral stress can he attriboted to a
combination of vagal withdrawal and
sympathetic excitation. A deactivation
of the arterial baroreceptors, and not
of the low pressure cardiopulmonary re-
ceptors, is responsible for the reflex
tachycardia (3). This conclusion can be
drawn because when low pressure cardio-
pulmonary recepbors &are selectively
deactivated by using low levels of
lower body nepgative pressure in normal
subjects, a sympathetically mediated
vagocanstriction in  the forearm ocours
without a tachycardia (3,18).
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Changes in the peripheral vascular
resistance durlng postural Stress

Sympathetic excitabion which poecurs
as a result of postural stress brings
about a selective increase in the tone
af  Lhe resistance vessels In the mus-
cular, splanchnle anmd  renal wvascular
beds (3). Studies in normal subjlects
who falot after proloaged standing In

the ereclh posture have revealed that on
talnting there 1is a sudden vasndilavLa-
tion in the forearm vascular bed impli-

cating the resistance vessels in Lhe
musc les  in Lthe maintenance of wrterial
blood pressure durlng postural stress
(B). However, In subjects who Fointed
during postural stress piven alber heat
exposure, vasoconstrictlion In Fopesrm
vessils was not reduced, and a sudden
dilatation In rhe splanchnle wvessels
was  Lhought Lo be Lhe precipltatiog
cause of the syncope (23). Further,
postural faint has been observed in
patients with bilateral leg amputation
(16) therefore suggesting thal other
vascular bed=, notably 1n the gplachnic
region, are also involved. Splanchnic
blood [flow reduces by aboul 30% duringe
exposure of normal subjects to lower—
body negative pressure and thils contri-
butes Lo about 33% of the total increa-
se in peripheral wvascular resistance
(34). Autopsy Eindings in paticnts with
diaberic autonomic mneuropathy who had
suffered from postural hypotension
revealed that the greater splanchnic
nerve was found to have undergone dege-
perative changes while thig nerve wasx
intact in patients who did mot suffer
from autonomic meuropathy (25). This
sussests that the inerease in Lhe spla-
nchnie arteriolar resistance plays 3
role of parawmount importance In  the
ad jusrment of the cardiovascular systen
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tu this stress. Arterial baroreceptor

deactivation which oveurs during postu-
ral stress forms the atterent Llimb of
the: sympathetic rellex which produces

the vasoconstriction In Lhe splanchoic
bed (4).The increase in the renal vas-
vular resistance activates the renin

anploleonsin  system which in turn  pro-
duces anglotensin 11 te enhance the
arteriolar resistance (3).

IL has been an "anatomical puess”
that about 70% of the circulating blood
& found in the veins which are sympa
thetically dnnervated, and because of
their wviscoelastic composition, small

eeduet fon in their calibre can  produce
larpe shifts of the blood contained in
them (A40Y. However, there was only a

transient Increcase in the pressure in
lep vedns during head up tilt and lower
budy soction [n normal subjects in whom
the peripheral vascular resistance in-

ereased (36). These workers concluded

that the transient constriction of the
capacitance vessels only supported the
resistance  wvessels in the immediate
read justment to ‘postoeral stress. Car-
diac output and blood pressure during
positive acvceleration, which is a form
of exaggerated postural stress, was
maintained in subjects with total auto-
nomic blockade, and this was attributed
Loy the enhanced venomotor tone in the
capacitance wvessels (f)}. In subjects
who were about to faint as a result of
postural stress, increasing the venous
return by contraeting leg muscles dela-—
yed the onset of the faint (470, Also,
during syncope, sympathetically medial-
ed venomotor tone was not reduced (13).
The above supggests that constriclion
of the capacitance vessels is necessary
for the maintenance of the preload, and
therefore that of the cardiac output,
during postural stress.
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Increase in ventilaticn during HUT
and lower body negallve pressure appli-

calion increases venomotor tone {(36).
During inspiration there s a siphoning
af blood ftrom the abdominal areds  [oto

the tharax because of pressure gradienl
vreated between the two regions by the
decrease in the lntra=thoracic pressure
during inspiration and the assoclated
increase  In Intra=abdominal pressure
due to the descent of Diaphragm, During
this phase the pressurc gradient bet-
ween the femoral veins and the inferior
venad cava in Lhe abdomen Is relatlvely
reduced but remalns posiLive Lo ensure
some amount of upward flow of bhlood
from the legs into the abdomen (35).
However, Willeput et al (49) found morc
than 50% Ffall 1in the venous return
measured using an ultrasonic flow reco-
rder in 7 out of [0 recumbent subjects
during inspiration. The upward flow was
reduced even Eurther 1f the subjects
resorted to pure diaphrapgmatle breath-
ing while during rib cage breathing the
gituation iwproved, The situatlon 1is
tikely to be exagperaled during postu-
ral stress. Un the basis of these obse-
rvations it may be concluded that du-
ring inspiration the venous return from
the abdomen to the thorax is maintained
while the wupward llow from the legs
into the abdomen is restricted. During
expiration, the abdomen. Lo thorax flow
continues because of the positive pres—
sure gradient which is maintained bet-
ween Lhese regions(35) while the upward
flow from the legs Into the abdomen is
reestablished. In certain situations
like prolonged standing in the ‘Thyper-—
lordotic posture during which the infe-
rior vena cava may get compressed by
Diaphragm at the  thoraco-abdominal
junction, the wvenous return from the
legs may bhe Impaired severely encugh
to precipitate a faint (B).
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Hormones involve:d in the mediation
wl vasocronstrictor responsc

Noradrenaline released at the sym-
pathetic nerve terminals Is &  potent
vasueonstricter of the resistance and
the capacitance vessels (2). Tn experi-
mental animals, selective destruction
of noradrenergic fibres by injection of
b=hydroxydopamine causes a sipgnificant
fall in blood pressure (31). Depletion
of noradrensaline at the nerve terminals
in humans brought about by the adminis-
tratlion of drugs or because of disease
produces peostural hypotension (38). The

level of the  circulating hormone
increases with increasing head up tilt
(34), and with Jlower body negative

pressure (170,

Angiotensin and vasopressin are
also potent vasoconstricting apgents
during postural stress (3). The former
produced by the renal renin-anglotensin
aystem, may act directly on the vascu-
lar smooth muscle of the resistance
vessels, may enter the cersbral spinal
fluid at the area postrema (&44) to
influence sympathetic out flow in an
unknown manner (31), or may potentiate
the constrictor effect of noradrena-
line (3). More recently it has been
postulated that  isorcnin-angiotensin
system present in the medullary regions
may he more Important in controlling
peripheral vasoconstrictor tone (31),
The tole of vasopressin in modulating
the tone of the resistance vessels is
mare controversial.In dogs this hormone
was shown to have powerful constrictor
influence on the muscle resistance
vessels (1), and _was released with a
decrease in the tone of the low pres-
sure cardicvascular receptors as well
a5 the arterial baroreceptors (3). More
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recenlly, however, 1t has bcen shown in
human subjects that eventhough moderate
deactivation of the baroreceptors in
the low and the high pressure vessels
by graded lower body suction produces a
high degree of sympathetic activatlon
and an increase in clreulating noradre-
naline, only overt hypotension induces
a significant inerease in cireulating
vasopressin (17).

Changes 1n cardiaec output

Ihe cardiac output falls by about
19=-20% on standing up from the recumbe-
nt posture (35,46). This is attributed
to the reduction in the venous return
to the heart which can only be partial-
Ly compensated by constriction of the
capacitance vessels (30). The stroke
valume decreases by about 3I8% (463, but
the reflex tachycardia limits the Ffall
in the cardiac output. The application
of graded postural stress by inereasing
the degree of head up tilt produces a
progressive fall in the cardiac outpur
until 20 deg HUT is reach:d, and there-
after there is no further I[all in this
variable because of Lhe dncremental
increase in the heart rate, and also
possibly because of an increase in the
myocardial contractility produced by
sympathetic excitation (4). Contrary to
this, Matalon and Farhi (26) found that
the fall in cardiac output and stroke
volume in their subjects who were given
incremental head up tilt stabiliszed at
a tilt angle of 60 deg while Lhe theart
rate rise had stopped at 45 dag HIT.
This suggesls that between 60 deg - 90
deg HUT,the compensatory mechanisms
limit any further reduction in the pre-
load or that the hydrostatic pressure
gradient which depends on the sine of
the angle of the head up tilr (15,26)
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is not severe enough after 60 deg tilt
to produce any further peripheral pool-
ing. More recently we have seen that
the cardiac output computed froum the
lueft wventricular ejection time by the
method of larley et al (20) fell by

aboutr 17.5% in normal subjects tilted
{0 deg head up, while the stroke volume
fell by acout 360 with a compensatory

increase in the heart rate (11). The
evidence therefore points out that
eventhough compensatory mechsnisms come
intoe play, the fall in cardiac output
during postural stress can be only
partly compensated by the sympathetic
reflex venoconstriction and the tachy
vardia.

LefL ventricular function during postu-
ral stress

Postural stress was expected to
result in an increase in wmyocardial
eontractility because of Lhe sympathe-—
tie execitation produced (43). On  the
eontrary, we have recently reported
that myocardlal contractility computed
from the systoelie time intervals as
recommended by Weissler er al (48) was
reduced during postural stress given by
70 deg head up tilt in normal voung
male subjects, and was seen as a signi-
ficant prelongation of the pre—ejection
period (PEP) and the PEP:left ventricu-
lar ejeetion time ratio (12). Both the
tindings are Iindicative of compromised
left ventricular function (48). Appli-
cation of increasing lower body suction
at the level of the iliac crests produ—
ced an incremental fall in  the cardiac
output and the srroke volume (28), and
reduction in myocardial contractility
evaluated from systollice time intervals
(19). The latter workers attributed the
reduction of myocardial contractility
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to 4 combination of a decrease ln pre-
load and an increase in the after-load
produced by the peripheral wvasocon-
striction.

From the above discussion the com-
plexity of the reflex cardiovascular

respunse Lo postural stress becomes
evident. The reflex are can be theore-
tically interrupted anywhere In the
chain, and fts fallure to produce the
so called normal reaction to the stress
viz., the reflex tachycardia and the
inerease in pervipheral wvascular tone
(in the resistance and the capacitance
vessels) may result in an incapacita-
ting postural hypotewsion. If L oecurs
in aircrew during flight, the end resu-
Lt could be disagtrous. Tt s becauge
of this that a detalled clinicophysio-
logleal assessment of the cardiovaseu-
lar system is ecarried out Iin Jindivi-
duals who have been selected for spe-
clal missions (9) or in patients who
have had an episode of syncope (10).

Intelerance Lo posbural sbress in
normal young subjects has been reported
regularly din western literature (21,
41). However, in a large series of 166
head up tilt table tests in mnormal
military men, we failed to see syoecopal
resctions (10). Tt often becomes extre-
mely difficult to determine whether a
subject who has had a fainting attack
is normal in the true physiological
sense or nolb.

Abnormal Tesponse to postural
stress is usually classified as asympa-
thicotonic or sympathicotoniec (15, 27).
The former is the more serious variety,
vecurring in patients with neurological
disorders such as diabetle autonomic
neurcpathy, tabes dorsalis and the Shy-
Drager's syndrome (5). In thls type of
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reaction there is no reflex rtachycardia
on assuming postural stress, while the
blocd pressure falls without any ob-
vious peripheral vasoconstriction. De-
tection of such response is  therefore
relatively simple,and detailed elinical
examination and Investigations will
more often than not bring out the path

ology Ilavolved. However, when postural
hypotension occurs inm  an otherwise
normal individuval, it often becomes
extremely difficult rto establish rthe

reason for the episode. In such indivi-
duals, the sympathicotonic type of
reaction 1s commonly seéen in which the
initial normal response to the sbLress
Is interrupted by a sudden tachycardia
followed by hypotension with wvarious
slgns and symptoms of pre-syncope and/
ar frank syncope.

Why should the normal compensatory
mechanisms prove to be inadequate in
such persons? 1t 1s possible that the
postural stress lasts for too long a
period, and the pooling of blood in the
periphery continues to flourish in
gpite o©f the compensatory mechanisms.
1f . asseociated with heal exposure, the
peripheral pool formation may be enhan—
ced because of the dilatation of the
skin blood vessels. Emotional distress,
fear, anxieby, pain and discomfort may
precipitare a reflex dilatation of the
resistance vessels (7, 39). Standing in
the hyperlordotic posture(as on parade)
can interrupt venous return by compres-
sing Lhe inferior vena cava at the tho-
raco—abdominal junction (8). A pre-
existing reduction in cireulating fluid
volume because of dehydration (as in
heat exposure, vomiting, fluid depriva-
tion) or haemorrhage can further aggra-
vate the situation. The possible seque-
nce of events can be as follows. A
hyperexcitation of sympathetic nervous
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system occurs becausc of sudden Fall iuo
central blood volume. This produces s
marked Lachycardia, and an increase in
myocardial wall tension. During this
phase the ventricles tend to beat on
near empty chambers to stimulate Lhe
venlricular pressure receptors and ac-

tivate a wvaso-depressor rellex which
produces a precipitous fall In the
arterial blood pressure and the heart

rate (43). The subject recovers rapidly
on  cessation of the postursl stress
when the temporarily sequestered clrouy-
Latiog blood volume is rapldly restored
to normal. A careful search for the
precipitating factors must therefore be
carried woul in such apparently normal
individuals who have undergone an epi-
sode of the common vaso-vagal faint 1in

order Lo arrkve at a coneclusion as to
the cause. Lven after cthis, it Is dif-
ticult to predicc in such Individueals

as to whether the episode will recur or
nobt. Repeated postural stress tests sl
regular intervals way be done in  order
to establish this. Thelr interpretation
however must be based on a sound appre-

clabion of the physiological response
of the eardiovascular system to the
slress.
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