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Abstract  :  Sudden  b lood  loss  of  modera te  degree  causes  fa l l  in  b lood
pressure, which is compensated to certain extent by baroreceptor mediated
rise in heart rate and vasoconstriction. In case of severe haemorrhage fall
in  b lood  p ressure  i s  accompan ied  by  b radycard ia  ind ica t ing  fa i lu re  o f
baroreceptor mediated recovery in blood pressure. In such conditions partial
recovery in the blood pressure with t ime is  possible  due to mechanisms
other  than baroref lex .  Therefore ,  in  the  present  s tudy the  regula t ion  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 condit ions.

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  to ta l  b lood  vo lume  loss  was  induced .  In  bo th  the  g roups
cardiovascular parameters were evaluated for one hour after the induction
of  haemor rhage  to  r ecord  any  recovery  due  to  na tu ra l  compensa to ry
mechanisms. In both the groups there was a significant fall in mean arterial
p ressure ,  ca rd iac  ou tpu t ,  s t roke  vo lume,  r igh t  a t r i a l  p ressure  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  s t roke  vo lume a lone  and  la te r  r i se  in  hear t  ra te  a lone  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  baroref lex,  l ike  increase  in  the  vagal  tone,  contr ibute  to
the ini t ia l  recovery in  blood pressure  and cardiac output .
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I N T R O D U C T I O N

It has been shown that rapid blood loss
evokes  a  b iphas ic  haemodynamic  response
(1 ,  2 ,  3 ) .  The  f i r s t  phase  (modera te
haemorrhage) is  associated with increase in
sympathe t ic  nerve  ac t iv i ty ,  p lasma
ca techolamine  leve l s ,  pe r iphera l  vascu la r
res i s tance  and  hear t  ra te .  When  b lood
volume has  been cr i t ical ly  depleted dur ing
severe  haemorrhage ,  the  sympathet ic  dr ive
to the periphery fal ls  s teeply,  and vascular
res is tance ,  a r te r ia l  pressure  and  hear t  ra te
decrease until syncope occurs (3, 4, 5). The
sudden decrease in  ar ter ial  pressure during
severe  haemorrhage  has  been  a t t r ibuted  to
sympathe t ic  wi thdrawal  and  subsequent
bradycard ia  and  sys temic  a r te r ia l
vasodi la ta t ion  (6 ,  7 ,  8) .  Scant  informat ion
is  ava i lab le  regard ing  the  compensa tory
mechanisms  o ther  than  the  barore f lex ,
which wil l  t ry  to  restore the mean ar ter ial
pressure before there is complete failure of
compensa tory  mechanisms  in  p rogress ive
shock  s ta tes .

Therefore  i t  was  p lanned  to  p roduce
haemorrhage of increasing severity and time
the  sequence  of  even ts  happening  a f te r
the induction of haemorrhage to understand
the  complex  in te rp lay  of  the  var ious
compensa tory  mechanisms  which  t ry  to
res tore  the  b lood pressure .

MATERIALS AND METHODS

The exper iments  were  performed on 20
hea l thy  mongre l  dogs  of  e i ther  sex .  The
e th ica l  c lea rance  was  ob ta ined  f rom the
ethics  commit tee  and a l l  exper iments  were

approved by  the  Ins t i tu t ional  Animal  Care
and Use Associat ion,  and were carr ied out
under  the  gu ide l ines  o f  Care  and  Use  of
Exper imenta l  Animals .

Animal  preparat ion

Twenty  heal thy  mongrel  dogs  of  e i ther
sex were randomly assigned to two groups.
In one group (n = 10) 20% of the total blood
volume loss  was  induced and in  the  o ther
group (n = 10) 35% of the total blood volume
loss  was  induced .  The  an imals  were
anaesthet ized with alpha chloralose 80 mg/
kg i .v.  and when required supplemented by
20 mg/kg. The animal was placed in supine
pos i t ion ,  in tuba ted  th rough  a  t rachea l
inc i s ion  and  ven t i l a ted  wi th  room a i r .
Po lye thy lene  ca the te rs  were  p laced  in  the
femoral  ar tery  for  recording ar ter ia l  b lood
pressure  wi th  a  p ressure  t ransducer
(S ta tham P32  Db)  on  a  po lygraph
(Lec t romed,  U.K. )  th rough  a  s t ra in  gauge
coupler  amplif ier  (Lectromed Model  5220).
The  a r te r ia l  p ressure  pu lse  was  used  to
drive a cardiotachometer (Lectromed Model
5260)  fo r  record ing  the  hear t  ra te .  A
polye thy lene  ca the te r  was  p laced  in to  the
r ight  a t r ium through r ight  external  jugular
ve in  fo r  record ing  r igh t  a t r i a l  p ressure
us ing  a  t ransducer  (S ta tham P32  Db)  and
in jec t ing  co ld  sa l ine  fo r  ca rd iac  ou tpu t
measurement .  Ar te r ia l  b lood  pH,  Po 2,
Pco 2 and  base  def ic i t  were  measured  wi th
an  au tomat ic  pH/Blood  gas  sys tem
(COMBISYS-ESCHWEILER,  Germany) .
Card iac  ou tpu t  was  measured  by
thermodi lu t ion  technique  (9 ,  10)  us ing  a
card iac  ou tpu t  computer  (COM 1  Edward
Company,  USA).
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Tota l  pe r iphera l  res i s tance  was
calcula ted  by  the  formula :

(Mean  a r te r ia l  p ressure /ca rd iac  ou tpu t )
X 80 dynes. sec. cm–5

Induct ion  o f  haemorrhage

In  the  f i r s t  g roup  basa l  ca rd iovascu la r
parameters, arterial blood pH, Po2, Pco2 and
base deficit  were recorded and haemorrhage
was  induced  by  wi thdrawing  20% of
es t imated  b lood  vo lume f rom ar te r ia l
catheter.  Total  blood volume was est imated
as  70  ml /kg .  In  the  second  group  basa l
ca rd iovascu la r  paramete rs ,  a r te r ia l  b lood
pH, Po2, Pco2 and base deficit were recorded
and  haemorrhage  was  induced  by
withdrawing 35% of estimated blood volume
from ar te r ia l  ca the te r .  Induc t ion  of
haemorrhage  was  comple ted  in  5  minutes
in both groups. The animals were monitored
for  60  min  a f te r  the  induc t ion  of
haemorrhage for the recovery due to natural
compensa tory  mechanisms .

R e c o r d i n g s

Arter ia l  b lood samples  were  wi thdrawn
anaerobically for blood gas and pH analysis
and cardiovascular  var iables  were recorded
before  haemorrhage ,  1  min  a f te r  the
induct ion  of  haemorrhage ,  5  min  af ter  the
induc t ion  of  haemorrhage ,  30  min  a f te r
haemorrhage  and  60  minutes  a f te r  the
induc t ion  of  haemorrhage .

No animal  received f lu id  resusci ta t ion .

Stat i s t i ca l  ana lys i s :

All  da ta  a re  expressed  as  mean ±

standard error of mean from twenty animals
( ten  an imals  in  each  group) .  S ta t i s t i ca l
s ign i f icance  of  the  d i f fe rence  be tween
cont ro l  and  pos t  haemorrhag ic  va lues  was
determined by analysis of variance. Analysis
of individual mean was done by using paired
t  Tes t .  The  s ign i f icance  leve l  was  se t  a t
P<0 .05 .

R E S U L T S

There was a significant rise in heart rate
a f te r  1  min  of  haemorrhage  f rom cont ro l
value of  120 ± 3.48 to 180 ± 1.24 beats/min
in  20% b lood  loss  whi le  no  r i se  in  hear t
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  s ign i f ican t  fa l l  in  s t roke
volume af te r  1  min  of  haemorrhage  f rom
control value of 14.75 ± 1.04 to 7.27 ± 0.657
ml /s t roke  in  20% blood  loss  whi le  more
significant fall to 5.51 ± 0.077 ml/stroke was
observed in 35% blood loss.  With t ime the
s t roke  vo lume was  main ta ined  a t  a  lower
level compared to control value in 20% blood
loss while an initial significant rise in stroke
volume a t  5  min  fo l lowed by  the  second
decrease in stroke volume at  H30 and H60
was produced in 35% blood loss. (Fig. 1).

There  was  a  s ign i f ican t  fa l l  in  r igh t
atr ia l  pressure  af ter  1  min of  haemorrhage
from control  value of  3 ± 0.32 to  2 ± 0.211
mm Hg in  20% blood  loss  whi le  more
s ign i f ican t  fa l l  to  1 ± 0 .21  mm Hg was
observed in 35% blood loss.  With t ime the
r igh t  a t r i a l  p ressure  was  main ta ined  a t  a
lower level compared to control value in 20%
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Fig. 1 : Effects of 20% and 35% haemorrhage on heart
ra te  and  s t roke  vo lume .  Va lues  a re  mean ±
s tandard  e r ro r  o f  mean  of  observa t ions  f rom
10 dogs for 20% haemorrhage and 10 dogs for
35% haemorrhage .  C  –  con t ro l  va lue  be fo re
haemorrhage ;  H1 – 1  min  a f t e r  haemorrhage ;
H 5 – 5  min  a f t e r  haemorrhage ;  H30 – 30  min
af te r  haemorrhage ;  H60 – 60  min  a f t e r
h a e m o r r h a g e .

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

Fig. 2 : Effects of 20% and 35% haemorrhage on right
atr ia l  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  a f t e r  haemorrhage ;
H 5 – 5  min  a f t e r  haemorrhage ;  H30 – 30  min
af te r  haemorrhage ;  H60 – 60  min  a f t e r
h a e m o r r h a g e .

* - significantly different (P<0.05) from control
value before  haemorrhage (C) .
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blood loss  whi le  an  in i t ia l  s ignif icant  r i se
in  r igh t  a t r ia l  p ressure  a t  5  min  fo l lowed
by  the  second  decrease  in  r igh t  a t r i a l
pressure  a t  H30 and H60 was  produced in
35% blood loss. (Fig. 2)

There  was  a  s igni f icant  fa l l  in  card iac
outpu t  a f te r  1  min  of  haemorrhage  f rom
control value of 1.77 ± 0.222 to 1.31 ± 0.148
L/min  in  20% blood  loss  whi le  more
s ign i f ican t  fa l l  to  0 .66 ± 0.021  L/min  was
observed in 35% blood loss.  With t ime the
card iac  ou tpu t  was  main ta ined  a t  a  lower
level compared to control value in 20% blood
loss while a progressive recovery in cardiac
outpu t  was  produced  in  35% b lood  loss .
(Fig. 2).

There  was  a  s ign i f ican t  fa l l  in  mean
ar te r ia l  b lood  pressure  f rom cont ro l  va lue
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  g roups  showed
recovery  wi th  t ime in  mean ar te r ia l  b lood
pressure  af te r  5  min ,  30  min ,  and 60  min
compared to H1. (Fig.  3).

There  was  a  s ign i f ican t  r i se  in  to ta l
per iphera l  res i s tance  a f te r  1  min  of
haemorrhage  f rom cont ro l  va lue  of
4820.7 ± 150 to 5210.9 ± 175 dyne sec cm–5 in
20% blood loss .  There  was  a  fa l l  in  to ta l
per iphera l  res i s tance  a f te r  1  min  of
haemorrhage  f rom cont ro l  va lue  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  resis tance in 20% blood
loss while an initial immediate fall followed
by a r ise in total  peripheral  resistance was
produced in 35% blood loss. (Fig. 3).

Fig. 3 : Effects of 20% and 35% haemorrhage on mean
atr ial  pressure and total  peripheral  resis tance.
Values  a re  mean ± s tandard  e r ro r  o f  mean  of
observations from 10 dogs for 20% haemorrhage
and 10 dogs for 35% haemorrhage. C – control
va lue  be fo re  haemorrhage ;  H1 – 1  min  a f t e r
haemorrhage ;  H5 – 5  min  a f t e r  haemorrhage ;
H30 – 30 min after  haemorrhage; H60 – 60 min
af te r  haemorrhage .

* - significantly different (P<0.05) from control
value before  haemorrhage (C) .
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There  was  a  s ign i f ican t  r i se  in
base deficit after 1 min of haemorrhage from
cont ro l  va lue  of  –1 .5 ± 0 .02  mmol /L  to  –
5 ± 0.09 mmol/L in 20% blood loss while a
more  s ign i f ican t  r i se  in  base  def ic i t  f rom
–1.5 ± 0 .02  to  –10 .5 ± 0 .02  mmol /L  was
produced in 35% blood loss.  With t ime the
base deficit was maintained at a higher level
compared to control value in both 20% and
35% blood loss.

cardiac output and progressive r ise in total
per iphera l  res i s tance .

The  in i t i a l  f a i l  in  to ta l  pe r iphera l
res i s tance  and  no  change  in  hear t  ra te  in
35% blood loss could be due to stimulation
of  vaga l  a f fe ren t  C  f ibers  f rom the  le f t
ven t r ic le  o f  the  hear t  (6 ,  12) .  The
mechanism of  act ivat ion of  the  ventr icular
receptors  is  probably a  combined effect  of
an increased sympathetic outflow and a low
vent r icu la r  f i l l ing .  These  two s t imul i
toge ther  induce  a  powerfu l  con t rac t ion
around  an  a lmos t  empty  chamber ,  g iv ing
r i se  to  deformat ion  and  squeez ing  of  the
myocard ium,  which  ac t iva tes  the  recep tor
(6). This reflex mechanism, of which efferent
par t  seems  s imi la r  to  so  ca l led  vasovaga l
syncope ,  may  se rve  as  a  p ro tec t ive
mechanism al lowing for  improved diastol ic
f i l l ing  when  venous  re tu rn  i s  c r i t i ca l ly
reduced.  This  expla ins  the  s igni f icant  r i se
in  r ight  a t r ia l  pressure ,  s t roke volume and
card iac  ou tpu t  due  to  improved  d ias to l ic
filling mediated by vagal efferents at H5 in
35% blood loss.

The  vagus  media ted  improved d ias to l ic
f i l l ing  resul t s  in  decrease  in  ac t iva t ion  of
vaga l  a f fe ren t  C  f ibers  f rom the  le f t
ven t r ic le  o f  the  hear t .  Th is  causes  an
increase  in  the  sympathe t ic  ou t f low f rom
medulla resulting in rise in total  peripheral
resistance at H5. This accounts for a second
decrease  in  s t roke  volume and r ight  a t r ia l
pressure  a t  H30 and H60 due  to  a  fa l l  in
venous  re tu rn .

There  was  no  increase  in  hear t  ra te  a t
H1 and  H5 due  to  vaga l  s t imula t ion  and
also  a t  lower  mean  ar te r ia l  p ressure  there
is hypoperfusion at tissue level so body tries

TABLE I : Base defici t  (mmol/L)  af ter  20% and 35%
h a e m o r r h a g e .

20% haemorrhage 35% haemorrhage

C –1.5± 0.02 –1.5± 0.02
H 1 –5± 0.09* –10.5± 0.02*
H 5 –4.5± 0.03* –8± 0.03*

H 3 0 –4.3± 0.04* –6± 0.03*
H 6 0 –4.1± 0.03* –5.5± 0.04*

Values  a re  mean ± s tandard  e r ro r  o f  mean  o f
observations on 10 dogs.
C  –  be fo re  haemor rhage ;  H1 – 1  min  a f t e r
haemorrhage; H5 – 5 min after haemorrhage; H30 –
30  min  a f t e r  haemorrhage ;  H60 – 60  min  a f t e r
h a e m o r r h a g e .
* - significantly different (P<0.05) from (C).

D I S C U S S I O N

Immediately af ter  the induct ion of  20%
blood  loss  there  was  a  fa l l  in  the  mean
ar te r ia l  p ressure ,  ca rd iac  ou tpu t ,  s t roke
volume and  r igh t  a t r i a l  p ressure ,  which
could be a t t r ibuted to  a  fa l l  in  c i rculat ing
blood volume due to blood loss. A significant
r i se  in  hear t  r a te  and  to ta l  pe r iphera l
res i s tance  was  produced  which  cou ld  be
a t t r ibu ted  to  the  barorecep tor -media ted
response  to  fa l l  in  mean  a r te r ia l  p ressure
(11).  The cardiac output  was maintained at
a lower level compared to control value by
barore f lex  media ted  r i se  in  sympathe t ic
discharge. Thus the progressive improvement
in  ar ter ia l  pressure  was  due to  mainta ined
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to conserve oxygen by decreasing myocardial
oxygen  consumpt ion .  Therefore  the  in i t i a l
rise in cardiac output was in accordance to
frank - starling law but later on the cardiac
output was maintained at  a significant high
leve l  compared  to  H1 by  increased
sympathe t ic  d r ive .

When the  mean  a r te r ia l  p ressure
reached  the  th reshold  of  baroreceptor ,  the
baroreceptor-mediated increase in heart  rate
and  to ta l  pe r iphera l  res i s tance  was
produced .  Thus  the  a r te r ia l  p ressure  was
main ta ined  by  barorecep tor  media ted
compensa tory  mechanism t i l l  60  min  a f te r
induc t ion  of  haemorrhage .

We conclude that  baroreceptor mediated
compensa tory  mechanism fa i l  to  res to re
blood pressure in severe blood loss. In such

condi t ion  increased  vaga l  tone  se rve  as  a
protective mechanism by allowing improved
dias to l ic  f i l l ing  when  venous  re tu rn  i s
cr i t ica l ly  reduced.  Vagal  s t imulat ion cause
decrease in myocardial  oxygen consumption
by  preven t ing  any  r i se  in  hear t  ra te  thus
break ing  the  pos i t ive  feedback  loop  of
producing myocardia l  depress ion  in  severe
shock. Thus the initial rise in mean arterial
pressure was produced by vagal st imulation
fo l lowed by  main tenance  by  barore f lex  in
35% blood loss.
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