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Abstract : Sudden blood loss of moderate degree causes fall in blood
pressure, which is compensated to certain extent by baroreceptor mediated
rise in heart rate and vasoconstriction. In case of severe haemorrhage fall
in blood pressure is accompanied by bradycardia indicating failure of
baroreceptor mediated recovery in blood pressure. In such conditions partial
recovery in the blood pressure with time is possible due to mechanisms
other than baroreflex. Therefore, in the present study the regulation of
cardiovascular functions on increasing severity of blood loss in the absence
of any therapeutic intervention was examined to elucidate the mechanisms
involved in the recovery of blood pressure under such conditions.
Two groups of animals were studied: (a) In the first group (n = 10) 20%
of the total blood volume loss was induced, (b) In the second group (n = 10)
35% of the total blood volume loss was induced. In both the groups
cardiovascular parameters were evaluated for one hour after the induction
of haemorrhage to record any recovery due to natural compensatory
mechanisms. In both the groups there was a significant fall in mean arterial
pressure, cardiac output, stroke volume, right atrial pressure and base
deficit. A significant increase in heart rate and total peripheral resistance
was produced after 1 min of haemorrhage in 20% blood loss while a fall
in total peripheral resistance and no rise in heart rate was produced after
35% blood loss. There was a recovery in cardiac output and mean arterial
pressure with time in both the cases of blood loss. While a rise in heart
rate and stroke volume was produced in 20% blood loss however an initial
increase in stroke volume alone and later rise in heart rate alone was
produced during recovery phase in 35% blood loss.
These finding suggest that 20% blood loss is compensated by baroreflex
while 35% blood loss is not accompanied by tachycardia so mechanisms
other than the baroreflex, like increase in the vagal tone, contribute to
the initial recovery in blood pressure and cardiac output.
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INTRODUCTION
It has been shown that rapid blood loss
evokes a biphasic haemodynamic response
(1, 2, 3). The first phase (moderate
haemorrhage) is associated with increase in
sympathetic
nerve
activity,
plasma
catecholamine levels, peripheral vascular
resistance and heart rate. When blood
volume has been critically depleted during
severe haemorrhage, the sympathetic drive
to the periphery falls steeply, and vascular
resistance, arterial pressure and heart rate
decrease until syncope occurs (3, 4, 5). The
sudden decrease in arterial pressure during
severe haemorrhage has been attributed to
sympathetic withdrawal and subsequent
bradycardia
and
systemic
arterial
vasodilatation (6, 7, 8). Scant information
is available regarding the compensatory
mechanisms other than the baroreflex,
which will try to restore the mean arterial
pressure before there is complete failure of
compensatory mechanisms in progressive
shock states.
Therefore it was planned to produce
haemorrhage of increasing severity and time
the sequence of events happening after
the induction of haemorrhage to understand
the complex interplay of the various
compensatory mechanisms which try to
restore the blood pressure.
MATERIALS AND METHODS
The experiments were performed on 20
healthy mongrel dogs of either sex. The
ethical clearance was obtained from the
ethics committee and all experiments were
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approved by the Institutional Animal Care
and Use Association, and were carried out
under the guidelines of Care and Use of
Experimental Animals.
Animal

preparation

Twenty healthy mongrel dogs of either
sex were randomly assigned to two groups.
In one group (n = 10) 20% of the total blood
volume loss was induced and in the other
group (n = 10) 35% of the total blood volume
loss was induced. The animals were
anaesthetized with alpha chloralose 80 mg/
kg i.v. and when required supplemented by
20 mg/kg. The animal was placed in supine
position, intubated through a tracheal
incision and ventilated with room air.
Polyethylene catheters were placed in the
femoral artery for recording arterial blood
pressure
with
a
pressure
transducer
(Statham
P32
Db)
on
a
polygraph
(Lectromed, U.K.) through a strain gauge
coupler amplifier (Lectromed Model 5220).
The arterial pressure pulse was used to
drive a cardiotachometer (Lectromed Model
5260) for recording the heart rate. A
polyethylene catheter was placed into the
right atrium through right external jugular
vein for recording right atrial pressure
using a transducer (Statham P32 Db) and
injecting cold saline for cardiac output
m e a s u r e m e n t . A r t e r i a l b l o o d p H , P o 2,
Pco2 and base deficit were measured with
an
automatic
pH/Blood
gas
system
(COMBISYS-ESCHWEILER,
Germany).
Cardiac
output
was
measured
by
thermodilution technique (9, 10) using a
cardiac output computer (COM 1 Edward
Company, USA).
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Total
peripheral
resistance
calculated by the formula :

was

(Mean arterial pressure/cardiac output)
X 80 dynes. sec. cm –5
Induction

of

haemorrhage

In the first group basal cardiovascular
parameters, arterial blood pH, Po 2 , Pco 2 and
base deficit were recorded and haemorrhage
was induced by withdrawing 20% of
estimated blood volume from arterial
catheter. Total blood volume was estimated
as 70 ml/kg. In the second group basal
cardiovascular parameters, arterial blood
pH, Po 2 , Pco 2 and base deficit were recorded
and
haemorrhage
was
induced
by
withdrawing 35% of estimated blood volume
from
arterial
catheter.
Induction
of
haemorrhage was completed in 5 minutes
in both groups. The animals were monitored
for 60 min after the induction of
haemorrhage for the recovery due to natural
compensatory mechanisms.
Recordings

Arterial blood samples were withdrawn
anaerobically for blood gas and pH analysis
and cardiovascular variables were recorded
before haemorrhage, 1 min after the
induction of haemorrhage, 5 min after the
induction of haemorrhage, 30 min after
haemorrhage and 60 minutes after the
induction of haemorrhage.
No animal received fluid resuscitation.
Statistical

All

analysis :

data

are

expressed

as

mean ±
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standard error of mean from twenty animals
(ten animals in each group). Statistical
significance of the difference between
control and post haemorrhagic values was
determined by analysis of variance. Analysis
of individual mean was done by using paired
t Test. The significance level was set at
P<0.05.
RESULTS
There was a significant rise in heart rate
after 1 min of haemorrhage from control
value of 120 ± 3.48 to 180 ± 1.24 beats/min
in 20% blood loss while no rise in heart
rate was observed in 35% blood loss. Heart
rate remained significantly elevated in 20%
blood loss while significant rise in heart rate
was produced 30 min after the induction of
haemorrhage in 35% blood loss (Fig. 1).
There was a significant fall in stroke
volume after 1 min of haemorrhage from
control value of 14.75 ± 1.04 to 7.27 ± 0.657
ml/stroke in 20% blood loss while more
significant fall to 5.51 ± 0.077 ml/stroke was
observed in 35% blood loss. With time the
stroke volume was maintained at a lower
level compared to control value in 20% blood
loss while an initial significant rise in stroke
volume at 5 min followed by the second
decrease in stroke volume at H30 and H60
was produced in 35% blood loss. (Fig. 1).
There was a significant fall in right
atrial pressure after 1 min of haemorrhage
from control value of 3 ± 0.32 to 2 ± 0.211
mm Hg in 20% blood loss while more
significant fall to 1 ± 0.21 mm Hg was
observed in 35% blood loss. With time the
right atrial pressure was maintained at a
lower level compared to control value in 20%
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Fig. 1 : Effects of 20% and 35% haemorrhage on heart
rate and stroke volume. Values are mean ±
standard error of mean of observations from
10 dogs for 20% haemorrhage and 10 dogs for
35% haemorrhage. C – control value before
haemorrhage; H1 – 1 min after haemorrhage;
H5 – 5 min after haemorrhage; H30 – 30 min
after
haemorrhage;
H60 – 60
min
after
haemorrhage.

Fig. 2 : Effects of 20% and 35% haemorrhage on right
atrial pressure and cardiac output. Values are
mean ± standard error of mean of observations
from 10 dogs for 20% haemorrhage and 10 dogs
for 35% haemorrhage. C – control value before
haemorrhage; H1 – 1 min after haemorrhage;
H5 – 5 min after haemorrhage; H30 – 30 min
after
haemorrhage;
H60 – 60
min
after
haemorrhage.

* - significantly different (P<0.05) from control
value before haemorrhage (C).

* - significantly different (P<0.05) from control
value before haemorrhage (C).
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blood loss while an initial significant rise
in right atrial pressure at 5 min followed
by the second decrease in right atrial
pressure at H30 and H60 was produced in
35% blood loss. (Fig. 2)
There was a significant fall in cardiac
output after 1 min of haemorrhage from
control value of 1.77 ± 0.222 to 1.31 ± 0.148
L/min in 20% blood loss while more
significant fall to 0.66 ± 0.021 L/min was
observed in 35% blood loss. With time the
cardiac output was maintained at a lower
level compared to control value in 20% blood
loss while a progressive recovery in cardiac
output was produced in 35% blood loss.
(Fig. 2).
There was a significant fall in mean
arterial blood pressure from control value
of 106.6 ± 3 to 85.33 ± 3.1 mm Hg in 20%
blood loss while a more significant fall from
112 ± 3.2 to 40 ± 2 mm Hg was produced by
35% blood loss. Both the groups showed
recovery with time in mean arterial blood
pressure after 5 min, 30 min, and 60 min
compared to H1. (Fig. 3).
There was a significant rise in total
peripheral resistance after 1 min of
haemorrhage
from
control
value
of
–5
4820.7 ± 150 to 5210.9 ± 175 dyne sec cm in
20% blood loss. There was a fall in total
peripheral resistance after 1 min of
haemorrhage
from
control
value
of
5062.1 ± 169.9 to 4848 ± 165 dyne sec cm –5 in
35% blood loss. There was a rise with time
in total peripheral resistance in 20% blood
loss while an initial immediate fall followed
by a rise in total peripheral resistance was
produced in 35% blood loss. (Fig. 3).

Fig. 3 : Effects of 20% and 35% haemorrhage on mean
atrial pressure and total peripheral resistance.
Values are mean ± standard error of mean of
observations from 10 dogs for 20% haemorrhage
and 10 dogs for 35% haemorrhage. C – control
value before haemorrhage; H1 – 1 min after
haemorrhage; H5 – 5 min after haemorrhage;
H30 – 30 min after haemorrhage; H60 – 60 min
after haemorrhage.
* - significantly different (P<0.05) from control
value before haemorrhage (C).
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There
was
a
significant
rise
in
base deficit after 1 min of haemorrhage from
control value of –1.5 ± 0.02 mmol/L to –
5 ± 0.09 mmol/L in 20% blood loss while a
more significant rise in base deficit from
–1.5 ± 0.02 to –10.5 ± 0.02 mmol/L was
produced in 35% blood loss. With time the
base deficit was maintained at a higher level
compared to control value in both 20% and
35% blood loss.
TABLE I : Base deficit (mmol/L) after 20% and 35%
haemorrhage.

C
H1
H5
H30
H60

20% haemorrhage

35% haemorrhage

–1.5± 0.02
– 5± 0.09*
–4.5± 0.03*
–4.3± 0.04*
–4.1± 0.03*

–1.5± 0.02
–10.5± 0.02*
– 8± 0.03*
– 6± 0.03*
–5.5± 0.04*

Values are mean ± standard error of mean of
observations on 10 dogs.
C – before haemorrhage; H1 – 1 min after
haemorrhage; H5 – 5 min after haemorrhage; H30 –
30 min after haemorrhage; H60 – 60 min after
haemorrhage.
* - significantly different (P<0.05) from (C).

DISCUSSION
Immediately after the induction of 20%
blood loss there was a fall in the mean
arterial pressure, cardiac output, stroke
volume and right atrial pressure, which
could be attributed to a fall in circulating
blood volume due to blood loss. A significant
rise in heart rate and total peripheral
resistance was produced which could be
attributed to the baroreceptor-mediated
response to fall in mean arterial pressure
(11). The cardiac output was maintained at
a lower level compared to control value by
baroreflex mediated rise in sympathetic
discharge. Thus the progressive improvement
in arterial pressure was due to maintained

cardiac output and progressive rise in total
peripheral resistance.
The initial fail in total peripheral
resistance and no change in heart rate in
35% blood loss could be due to stimulation
of vagal afferent C fibers from the left
ventricle of the heart (6, 12). The
mechanism of activation of the ventricular
receptors is probably a combined effect of
an increased sympathetic outflow and a low
ventricular filling. These two stimuli
together induce a powerful contraction
around an almost empty chamber, giving
rise to deformation and squeezing of the
myocardium, which activates the receptor
(6). This reflex mechanism, of which efferent
part seems similar to so called vasovagal
syncope, may serve as a protective
mechanism allowing for improved diastolic
filling when venous return is critically
reduced. This explains the significant rise
in right atrial pressure, stroke volume and
cardiac output due to improved diastolic
filling mediated by vagal efferents at H5 in
35% blood loss.
The vagus mediated improved diastolic
filling results in decrease in activation of
vagal afferent C fibers from the left
ventricle of the heart. This causes an
increase in the sympathetic outflow from
medulla resulting in rise in total peripheral
resistance at H5. This accounts for a second
decrease in stroke volume and right atrial
pressure at H30 and H60 due to a fall in
venous return.
There was no increase in heart rate at
H1 and H5 due to vagal stimulation and
also at lower mean arterial pressure there
is hypoperfusion at tissue level so body tries
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to conserve oxygen by decreasing myocardial
oxygen consumption. Therefore the initial
rise in cardiac output was in accordance to
frank - starling law but later on the cardiac
output was maintained at a significant high
level compared to H1 by increased
sympathetic drive.
When
the
mean
arterial
pressure
reached the threshold of baroreceptor, the
baroreceptor-mediated increase in heart rate
and
total
peripheral
resistance
was
produced. Thus the arterial pressure was
maintained
by
baroreceptor
mediated
compensatory mechanism till 60 min after
induction of haemorrhage.
We conclude that baroreceptor mediated
compensatory mechanism fail to restore
blood pressure in severe blood loss. In such
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condition increased vagal tone serve as a
protective mechanism by allowing improved
diastolic filling when venous return is
critically reduced. Vagal stimulation cause
decrease in myocardial oxygen consumption
by preventing any rise in heart rate thus
breaking the positive feedback loop of
producing myocardial depression in severe
shock. Thus the initial rise in mean arterial
pressure was produced by vagal stimulation
followed by maintenance by baroreflex in
35% blood loss.
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