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Water m o v e m e n t  be t we e n  myocard ia l  t i ssue and capil lary blood during and after coronary  reactive 
h y p e r e m i a  as  s tudied  by  cont inuous  m e a s u r e m e n t  of col loid o s m o t i c  pressure  of cardiac  venous  
b lood 
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Summary. Colloid osmot ic  pressure  (COP) of b lood f rom the  g rea t  card iac  ve in  was c o n t i n u o u s l y  m e a s u r e d  b y  the  use 
of a m e m b r a n e  colloid o s m o m e t e r  du r ing  r eac t ive  h y p e r e m i a  r e su l t i ng  f rom t e m p o r a r y  occlusion of t he  an t e r i o r  
descend ing  b r a n c h  of lef t  c o r o n a r y  a r t e ry .  T he  COP increased  sha rp ly  b u t  t r a n s i e n t l y  a f t e r  the  release,  t h e n  i t  de-  
creased be low the  in i t i a l  level  and  g radua l ly  recovered.  I t  was  conc luded  t h a t  a m e a s u r a b l e  a m o u n t  of w a t e r  m o v e d  
f rom t h e  cap i l l a ry  b lood  in to  t he  m y o c a r d i a l  t i ssue  a n d  t h e n  f lowed b a c k  slowly in to  t h e  cap i l l a ry  blood.  

D u r i n g  r ena l  a r t e r i a l  occlusion w a t e r  moves  f rom rena l  
t i ssue  i n to  cap i l l a ry  b lood  accord ing  to  S ta r l i ng ' s  law. 
The  h a e m a t o c r i t  va lue  of t he  r ena l  venous  b lood  c lear ly  
decreases  w h e n  t he  a r t e r i a l  occlusion is re leased a n d  r ena l  
pe r fus ion  is r ee s t ab l i shed  3. However ,  i t  is s t i l l  u n k n o w n  
w h e t h e r  w a t e r  m o v e s  b e t w e e n  cap i l l a ry  b lood  a n d  sur-  
r o u n d i n g  t i ssue  d u r i n g  c o r o n a r y  a r t e r i a l  occlusion a n d  
pos t -occ lus ive  r eac t ive  h y p e r e m i a  in t he  m y o c a r d i a l  capi l-  
l a ry  bed.  I n  t he  p r e s e n t  s tudy ,  t i s sue-cap i l l a ry  w a t e r  
m o v e m e n t  was  s tud ied  b y  m e a n s  of c o n t i n u o u s  measu re -  
m e n t  of t h e  COP of t h e  b lood f rom the  g rea t  card iac  vein.  
A m e m b r a n e  colloid o s m o m e t e r  was  c o n s t r u c t e d  w i t h  
ac ry l  p las t ics  accord ing  to  t he  desc r ip t ion  of P r a t h e r  
e t  a l )  a n d  A u k l a n d  a n d  J o h n s e n  ~ w i t h  a s l igh t  modi f i ca -  
t ion,  w h i c h  will  be  r epo r t ed  elsewhere.  4 mongre l  dogs 
were a n e s t h e t i z e d  w i t h  n e m b u t a l  (30 m g / k g  i.v.). Ven t i l a -  
t i on  of t h e  dog was m a i n t a i n e d  b y  a pos i t ive  p ressure  

r e sp i ra to r  (250 ml /kg  min) .  The  h e a r t  was  exposed  b y  a 
t h o r a c o t o m y  m a d e  a t  t h e  f o u r t h  i n t e r cos t a l  space. The  
an t e r i o r  descend ing  b r a n c h  of lef t  c o r o n a r y  a r t e r y  (LAD) 
was t h r e a d e d  w i t h  a t h i n  s u t u r e  for c o r o n a r y  a r t e r i a l  
occlusion (LAD-occlusion) .  A soft  p o l y e t h y l e n e  t u b e  
(OD 2,0 ram,  ID  1.4 ram,  l e n g t h  30 em) was i n t r o d u c e d  
in to  t he  g rea t  ca rd iac  vein  v ia  t h e  lef t  c a ro t id  ve in  
(figure 1 A). The  p r o x i m a l  end  of th i s  t u b e  was connec t ed  
w i t h  a t y l o n  | t u b e  (OD 3.0 mm,  ID  1.5 m m  a n d  l e n g t h  
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Fig. 1. Schematic illustration of experimental arrangement. LAD and DP Pump stand for anterior descending branch of left coronary artery 
and double peristaltic pump used for continuous sampling and infusion of cardiac venous blood, respectively. 
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Fig. 2. Typical experimental recording. Curves from top to bottom; aortic blood pressure, colloid osmotic pressure of cardiac venous blood 
recorded with low (COP 1) and high (COP 2) magnification. Horizontal bars below COP 2 tracing indicate the LAD-occlusion period. Open 
arrows indicate transient interruption of recording. 
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30 cm, I m a m u r a  R u b b e r  Co, Tokyo) ,  wh ich  was f ixed to 
a double  pe r i s t a l t i c  p u m p  ( D P P  in f igure 1), The  p r o x i m a l  
end  of t he  t y l o n  t u b e  was connec t ed  w i t h  t he  colloid 
osmomete r .  Af te r  h e p a r i n i z a t i o n  of t he  dog, t he  pe r i s t a l t i c  
p u m p  was t u r n e d  on  and  a d j u s t e d  to  p u m p  blood a t  t he  
r a t e  of 4.0 m l /min .  Thus ,  t h e  venous  b lood f lowed t h r o u g h  
t h e  colloid o s m o m e t e r  a l lowing  c o n t i n u o u s  m e a s u r e m e n t  
of COP. The  b lood sample  r e t u r n e d  in to  t he  r i g h t  f emora l  
ve in  t h r o u g h  a n o t h e r  t y l o n  t u b e  f ixed to t he  D P P .  The  
COP t r a n s d u c e r  was  ca l i b r a t ed  w i t h  a l b u m i n - w a t e r  solu- 
t ions  whose  COP were d e t e r m i n e d  b y  t he  use of a f reezing 
p o i n t  depress ion  o s m o m e t e r  (Knauer ,  Fede ra l  Repub l i c  
of Ge rmany) .  Since t he  C O P rose s t ead i ly  because  of the  
t h o r a c o t o m y ,  sal ine was c o n t i n u o u s l y  infused in to  t he  
lef t  f emora l  ve in  a t  t h e  r a t e  of 5.0 ml /min .  Aor t ic  b lood 
pressure  was  r ecorded  v ia  a p o l y e t h y l e n e  t u b e  p laced  in 
t he  descend ing  aor ta .  T he  comple t e  e x p e r i m e n t a l  s e t - u p  
is s h o w n  in f igure  1 B. 
A sample  record ing  is shown  in f igure 2, where  t he  curves  
f rom t o p  to b o t t o m  r e p r e s e n t  aor t i c  b lood pressure  
(Aort ic  BP)  a n d  COP w i t h  low and  h igh  magn i f i ca t i ons  
(COP 1 a n d  2). Th e  record ings  were t r a n s i e n t l y  in te r -  
r u p t e d  a t  t he  t h i c k  arrows.  The  t h i c k  h o r i z o n t a l  ba r s  
ind ica te  t he  t i m e  pe r iod  of t he  LAD-occ lus ion  (30, 60, 
120 and  240 sec). W h e n  t he  occlusion was released,  t he  
COP s ignal  rose t r a n s i e n t l y  f rom 30 to  90 sec, t h e n  i t  
b e c a m e  lower t h a n  t he  in i t i a l  level  a n d  recovered  grad-  
ually.  T h e  per iod  d u r i n g  which  CO P was lower t h a n  t he  
in i t ia l  level  was  longer,  w h e n  occlusion t ime  was pro-  
longed. The  r i g h t  side of the  record ing  shows where  t he  
colloid o s m o m e t e r  s y s t e m  was swi tched  to d r aw  sal ine 
i n s t ead  of card iac  venous  blood.  The  COP 1 cu rve  qu ick ly  
fell a n d  showed  an  overshoot ,  r each ing  a p l a t eau  w i t h i n  
90 sec, whi le  t h e  COP 2 cu rve  w e n t  off scale. A n  electr ic  
s ignal  wh ich  co r re sponded  to  20 m m  Hg of COP was 
recorded  for ca l ib ra t ion .  T h e n  t he  colloid o s m o m e t e r  
s y s t e m  was  aga in  swi t ched  for s amp l ing  of ca rd iac  v e n o u s  
blood.  The  COP 1 cu rve  qu ick ly  rose and  r e t u r n e d  to t he  
in i t ia l  level  a f t e r  an  overshoo t .  D u r i n g  t h i s  series of 
m e a s u r e m e n t s ,  t he  pe r i s t a l t i c  p u m p  c o n t i n u e d  to d r aw  
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Fig. 3. Relationship between COP changes and duration of LAD- 
occlusion. Peak of COP increase (AcOP, upper half) and bottom of 
decrease (-ACOP, lower half) as schematically shown with arrows in 
the figure are plotted oft the ordinate. Since repetition and pro- 
longation of coronary occlusion readily caused arrhythmia, occlusion 
tests were made only a few times in each dog and the results in 4 dogs 
are pooled in this figure. 

b lood  f rom the  g rea t  card iac  vein.  I n  a n o t h e r  series of 
m e a s u r e m e n t ,  t he  pe r i s t a l t i c  p u m p  was s topped  d u r i n g  
t he  LAD-occlus ion .  I n  th i s  case, t he  COP signal  rose 
s l ight ly  d u r i n g  t he  p u m p  arres t ,  because  red b lood ceils 
f lowing t h r o u g h  t h e  o s m o m e t e r  were depos i t ed  on  t he  
m e m b r a n e  5. B u t  w h e n  t h e  d r a w i n g  ac t ion  of t he  p u m p  
was res tored ,  t he  COP s ignal  r e t u r n e d  qu ick ly  to  t h e  
in i t ia l  level.  Af te r  r e t u r n i n g  to t he  or ig inal  level, t h e  COP 
signal  showed  a s h a r p  rise followed b y  a slower t r a n s i e n t  
d rop  be low the  n o r m a l  level. The  a m p l i t u d e s  of COP  
changes  of b o t h  t he  s h a r p  increase  (dCOP),  and  t h e  fol- 
lowing decrease  be low the  in i t ia l  level  ( - A C O P )  as a 
f unc t i on  of occlusion t ime,  are  s u m m a r i z e d  for 4 dogs in 
f igure 3. A cha rac t e r i s t i c  s a t u r a t i o n  cu rve  seems to  re la te  
ACOP and  occlusion t i m e  (upper  ha l f  of f igure 3). The  
r a t e  of increase  in ACOP w i t h  increas ing  occlusion t i m e  
is r educed  w i t h  occlus ion t i m e s  longer  t h a n  3 rain.  W i t h  
occlusion t imes  longer  t h a n  a b o u t  2 rain,  - -ACOP re- 
m a i n e d  a l m o s t  c o n s t a n t  (lower ha l f  of f igure 3). The  con-  
t ro l  va lue  of COP obse rved  in 4 dogs was 15.6 • 0.6 m m  
H g  (mean  • SD). 
The  m y o c a r d i a l  i schemic  area  caused  b y  the  LAD-occ lu -  
sion was  p a r t i a l l y  per fused  b y  t he  b lood f lowing in to  th i s  
region t h r o u g h  col la te ra l  anas tomoses  f rom the  c o r o n a r y  
c i r cumfe ren t i a l  b r anch .  The  pe r iphe ra l  per fus ion  pressure  
of L A D  d u r i n g  LAD-occ lus ion  was found  to  be  in t h e  
r ange  of 25 to  30 m m  H g  in 2 dogs. Th i s  low p e r i p h e r a l  
per fus ion  pressure  could p r o b a b l y  ho ld  t he  cap i l la ry  
b lood  pressure  a t  t he  level  wh ich  was exe r t ed  b y  t he  
n o r m a l  perfus ion.  The  low pe r iphe ra l  pressure  was di- 
r ec t ly  app l ied  to t h e  cap i l la ry  vessels, since ar ter io les  in 
t he  i schemic  a rea  were ful ly di la ted.  Thus,  no w a t e r  
m o v e d  be tween  p l a s m a  a n d  t i ssue  d u r i n g  LAD-occ lus ion  
in a d i f fe ren t  m a n n e r  f rom the  rena l  a r t e r i a l  occlusion. 
The  in i t i a l  increase  and  t he  fol lowing g radua l  decrease  in 
COP is i n t e r p r e t e d  as follows. Dur ing  t he  pos t -occ lus ive  
r eac t i ve  hype remia ,  t h e  ar ter io les  were ful ly d i la ted .  T h e  
cap i l l a ry  pressure  rose and  w a t e r  m o v e d  f rom p l a s m a  in to  
t issue.  The  s a t u r a t i o n  cu rve  (figure 2, u p p e r  half)  suggests  
a l i m i t a t i o n  of w a t e r  a b s o r p t i o n  c a p a c i t y  b y  m y o c a r d i a l  
t issue.  As h y p e r e m i a  ceased, cap i l l a ry  pressure  decreased,  
and  t he  excess a m o u n t  of w a t e r  wh ich  h a d  been  a b s o r b e d  
b y  t h e  t i ssue  f lowed b a c k  s lowly  in to  the  cap i l la ry  blood.  
W h e n  t h e  sample  for COP m e a s u r e m e n t s  was  c h a n g e d  
f rom blood to saline,  t h e  COP signal  showed an  overshoo t .  
This  was  caused  on ly  b y  a large change  in the  q u a l i t y  of 
t he  s ample  fluid.  No such  o v e r s h o o t  appea red  on  t h e  COP 
s ignal  w h e n  an  a l b u m i n e  so lu t ion  was  added  to  t h e  
sample  b lood f lowing t h r o u g h  the  osmomete r .  Therefore ,  
no  er ror  due  to t h e  o v e r s h o o t  was inc luded  in  t he  COP 
record ing  of ca rd iac  v e n o u s  blood.  As a n o t h e r  cause  of 
COP changes ,  t he  effects  of h y p e r c a p n i a  in t h e  i schemic  
a rea  were tes ted .  The  swell ing of red  b lood cells exposed  
to  a Peo2 increase  of 30 m m  Hg in v ivo  caused  a COP 
change  of less t h a n  1% e, w h i c h  seems too  smal l  to  be  a 
m a j o r  c o n t r i b u t i o n  to  t he  COP change  obse rved  in t he  
p r e s e n t  s tudy .  

5 A.T.  Hansen, Nature 190, 504 (1961). 
6 Y. Kakiuchi, A. B. DuBois, T. Arai, S. Nakajima, T. Sasajima 

and T .  Koyama, Bull. Res. Inst. appl�9 Elect�9 27, 25 (1975)�9 


