Experimental Study on the Usefulness of Pulsatile
Flow Extracorporeal Circulation
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Fig.1. Experimental model. Experimental model using a roller pump type

pulsatile flow pump which can be switched to a steady flow mode. Extracopo-
real circulation was performed 3 hours with pulsatile and steady flow perfusion
at the same quantity of perfusion, 80 ml/kg/min, to ivestigate the renal blood
flow, tissue blood flow of myocardium, kidney and liver, urinary volume,
perfusion pressure, pH of mixed venous blood and oxygen partial pressure.

partial pressure of oxygen in arterial blood; PCO,, patial pressure of carbon dioxide ;
PO,, patial pressure of oxygen
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Changes in kidney tissue blood flow in response to switches to pulsatile

perfusion from steady perfusion and to steady perfusion from pulsatile
perfusion.
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Fig. 3. Comparison of the effects of pulsatile
flow with those of steady flow on the myoca-
rdium, liver and kidney tissue blood flow.
(O —0), myocardial tissue blood flow (n=4);
(@—@), liver tissue flow (n=4); (k—*%),
kidney tissue blood flow (n=4). Each point
and vertical bar represents the mean+S.D.
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Fig.4. Changes in myocardial tissue blood flow
during ECC with pulsatile and steady flow
perfusion. Comparision of pulsatile and
steady flow perfusion with change in myoca-
rdial tissue blood flow. (O—Q), pulsatile flow
(n=10); (@ —@®), steady flow (n=10). Each
point and vertical bar represents the Scheffe’s
multiple comparison of means+S.D. *p<0.0
5 vs. control.
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Fig.5. Changes in liver tissue blood flow
during ECC with pulsatile and steady flow
perfusion. Comparision of pulsatile and
steady flow perfusion with change in liver
tissue blood flow. (O—Q), pulsatile flow
(n=10); (@—@), steay flow (n=10). Each
point and vertical bar represents the Scheffe’s
mutiple comparison of means®S.D. *p<0.05
vs. control.
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Fig.6. Changes in kidney tissue blood flow
during ECC with pulsatile and steady flow
perfusion. Comparison of pulsatile and steady
flow perfusion with change in kidney tissue
blood flow. (O—0), pulsatile flow (n=10);
(®—®), steady flow (n=10). Each point and
vertical bar represents the Scheffe’s multiple
comparison of means+S.D. *p<0.05 vs.
control.
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Fig.7. Comparison of pulsatile and steady flow
perfusion with change in perfusion pressure.
(O-0), pulsatile flow @n=10); (@ —@)
steady flow (n=10). Each point and vertical
bar represents the means=+S.D. *p<0.05 vs.
control.
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Fig.8. Comparison of pulsatile and steady flow
perfusion with change in pulse pressure.
(O-=0), pulsatile flow (n=10); (@—@),
steady flow (n=10). Each point and vertical
bar represents the means+S.D. *p<0.05 vs.
control.
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Fig.9. Changes in total peripheral resistance
during ECC with pulsatile and steady steady
flow perfusion. (O—0), pulsatile flow (n=-
10); (@ — @), steady flow (n=10). Comparisi-
on of pulsatile and steady flow perfusion with
change in total periphral reistance. Each
point and vertical bar represents the mean+
S.D. *p<0.05vs. control.
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Fig.10. Changes in renal blood flow during ECC
with pulsatile and steady flow perfusion.
Comparison of pulsatile and steady flow
perfusion with % changes of renal blood flow.
(O—0), pulsatile flow n=10); (®@—O),
steady flow (n=10).Each point and vertical
bar represents the mean+S.D. *p<0.05 vs.
control.
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Fig. 11. Changes in renal vascular resistance
during ECC with pulsatile and steady flow
perfusion. (O—0O), pulsatile flow (n=10);
(@—@), steady flow (n=10). Comparison of
pulsatile and steady flow perfusion with
change in renal vascular resistance. Each
point and vertical bar represents the mean+
S.D. *p<0.05vs. control.
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Fig.12. Changes in oxygen consumption during
ECC with pulsatile and steady flow perfusion.
Comparison of oxygen consumption during
ECC with pulsatile and steady flow perfusion.
(O—Q), pulsatile flow (n=10); (@—@),
steady flow (n=10). Each point and vertical
bar represents the mean+S.D.
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tion during ECC with pulsatile and steady flow
perfusion. (O—Q), pulsatile flow (n=10);
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Fig.14. Changes in venous blood pH during ECC
with pulsatile and steady flow perfusion.
Comparison of pulsatile and steady flow
perfusion with change in venous blood pH.
(O—0), pulsatile flow @=10); (®—®)
steady flow (n=10). Each point and vertical
bar represents the mean®S.D.
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Fig. 15. Changes in venous blood PaQ, pressure
during ECC with pulsatile and steady flow
perfusion. Comparison of pulsatile and steady
flow perfusion with change in venous blood
Pa0, pressure. (O—Q), pulsatile flow (n=-
10); (@ — @), steady flow (n=10). Each point
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with pulsatile and steady flow perfusion.
(O-0Q), pulsatile flow n=10); (@ —@),
steady flow (n=10). Each point and vertical
bar represents the mean=+S.D.
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Abstract

Concerning the significance of pulsatile flow in extracorporeal circulation, it has been a
big problem since the early period of development of the artificial heart-lung, and such an
apparatus has been developed in various ways. In this study, in 24 adult mongrel dogs
(12—20kg), using a roller pump type pulsatile flow pump which can be switched to and
from the steady flow perfusion easily, extracorporeal circulation was performed as long as
three hours with pulsatile and steady flow perfusions at the same rate of perfusion, 80ml/
kg/min, to perform a comparative investigation of the renal blood flow; tissue blood flows
of the myocardium, kidney and liver; urinary volume; quantity of systemic oxygen
consumption ; renal vascular resistance ; perfusion pressure ; pH of mixed venous blood and
oxygen partial pressure. The following results were obtained : 1) The pulsatile flow pump
showed a pulse pressure wave form. 2) The pulsatile flow perfusion, compared with the
steady flow perfusion, maintained good renal flow and showed also a lower rise in the
renal vascular resistance. 3) The tissue blood flows in the myocardium, kidney and liver,
at the time of extracorporeal circulation with the same quantity of perfusion, showed
values 9.6—15.5% highter with the pulsatile flow than those with the steady flow. 4) In
the steady flow extracorporeal circulation, the tissue blood flow showed steady values till
60 minutes of extracorporeal circulation, decreasing thereafter in the course of time; but
with the pulsatile flow there was no tendency of decrease in the tissue blood flow, and also
in the extracorporeal circulation of 180 minutes the microcirculation was maintained well.
5) In the systemic oxygen consumption, pH of mixed venous blood and oxygen partial
pressure, steady values were show with the pulsatile flow perfusion. From the results
above, it has been confirmed that, in extracorporeal circulation for a long time, the
pulsatile flow perfusion can maintain more normal peripheral circulation and is more
useful than the steady flow perfusion.



