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Role of Perfusion Pressure in Major Organ Blood Flow
during Cardiopulmonary Bypass in Canines

Young Lan Kwak, M.D., Young Hwan Park, M.D.*, Sang Beom Nam, M.D.
Young Jun Oh, M.D., Seung Ho Kim, M.D.,, and Yong Woo Hong, M.D.

Departments of Anesthesiology and *Cardiac Surgery, Yonsei University
College of Medicine, Seoul, Korea

Background: There has been no report about the effects of blood pressure (BP) on the change of
blood flow (BF) to major organs when pump flow is maintained during cardiopulmonary bypass (CPB).
We evaluated the changes of the BF and oxygen consumption of major organs when BP was controlled
by vasopressors or vasodilators during CPB.

Methods: Carotid, femoral, hepatic and renal arteries and veins were exposed and arteries were
cannulated for pressure monitoring, except the hepatic artery and arteries on the opposite side were
exposed for the measurement of BF in 7 dogs. Temperature was lowered to 30°C after initiation of CPB
and phenylephrine or sodium nitroprusside was infused to increase or decrease BP about 30% under the
same pump flow. BP and BF were measured before CPB, before the infusion of drugs and when BP
was changed by vasoactive drugs. Blood gas analyses were performed from the artery and each vein
while the BF was measured,

Results: The change of BP didn’t affect carotid and renal BF. However, hepatic BF decreased about
50% when BP was reduced and femoral BF changed in the opposite way of BP change. Oxygen
consumption of each organ wasn’t influenced by BP.

Conclusions: When pump flow was constantly maintained, changes in BP redistributed BF to major
organs but didn’t affect oxygen consumption. The brain and kidney have the ability of autoregulation
of BF unlike the liver or legs. Hepatic BF was dependent on perfusion pressure and a decrease in BP
by vasodilators during CPB may be not good for the liver. (Korean J Anesthesiol 2000; 39: 748~ 755)

Key Words: Heart: cardiopulmonary bypass. Measurement techniques: blood flow. Monitoring:
blood pressure.
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Table 1. Changes of Blood Pressure in Each Organs

Pre CPB Control Phenyl Nitroprusside
Temp (°C) 352 £ 221 317 + 23 299 + 07 297 + 1.1
Het (%) 387 + 95 203 + 84 19.1 + 82 180 + 84
Cbp (mmHg) 100 + 19 81 + 33 138 + 31 69 + 30
Fbp (mmHg) 105 + 35 83 + 32 130 + 24 62 + 31
Hbp (mmHg) 101 + 26 98 *+ 61 132 + 32 64 £ 32
Rbp (mmHg) 107 + 18 89 + 37 134 + 25 76 + 27

All values are expressed as mean * SD. Pre CPB: values before cardiopulmonary bypass, Control: values after initiation
of cardiopulmonary bypass, Phenyl: values when blood pressure was increased more than 30% of control with
phenylephrine infusion, Nitroprusside: values when blood pressure was decreased more than 30% of control with sodiurn
nitroprusside infusion, Temp: esophageal temperature, Hct: hematocrit, Cbp: carotid artery pressure, Fbp: femoral artery
pressure, Hbp: hepatic artery pressure, Rbp: renal artery pressure.

Table 2. Changes of Blood Flow in Each Organs

Pre CPB Control Phenyl Nitroprusside
Cfl (ml/min) 689 *+ 397 837 + 4508 76 + 545 894 + 40.7
CflTfl (%) 55 £ 36 55 + 3.0 56 + 2.4
Ffl (ml/min) 300 =+ 401 223 + 81 243 + 126 417 + 25.0*
FflTfl (%) 14 + 04 1.5 £ 07 27 £ 1.6*
Hfl (ml/min) 732 £ 443 1193 + 79.7 93.5 + 549 71.0 £ 52.7*
HfI/Tfl (%) 75 + 438 62 * 44 45 + 33
Rfl (ml/min) 815 + 340 822 + 442 732 + 733 818 = 77.1
RfYTel (%) 51 & 27 47 + 49 52 + 51

All values are expressed as mean + SD. Pre CPB: values before cardiopulmonary bypass, Control: values after initiation
of cardiopulmonary bypass, Phenyl: values when blood pressure was increased more than 30% of control with
phenylephrine infusion, Nitorprrusside: values when blood pressure was decreased more than 30% of control with sodium
nitroprusside infusion, Cfl: unilateral carotid artery blood flow, Tfl: total blood flow (cardiopulmonary bypass pump blood
flow), Cfl/Tfl: ratio of unilateral carotid artery blood flow for pump flow, Ffl: unilateral femoral artery blood flow, Ffl/Tfl:
ratio of unilateral femoral artery blood flow for pump flow, Hfl: hepatic artery blood flow, Hfl/Tfl: ratio of hepatic
artery blood flow for pump flow, Rfl: unilateral renal artery blood flow, RfY/Tfl: ratio of unilateral renal artery blocd
flow for pump flow. *P < 0.05 compared with the value of Control.
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Table 3. Changes of O, Consumption of Each Organs

(ml/min) Pre CPB Control Phenyl Nitroprusside
Cvo: 46.0 + 332 88 &+ 72% 13.8 * 148 134 * 126
Fvoa 68 £ 29 109 + 72 4.7 + 45 11.0 + 139
Rvo, 156 £ 273 21 + 24 77 + 105 29 £ 1.9

All values are expressed as mean & SD. Pre CPB: values before cardiopulmonary bypass, Control: values after initiation
of cardiopulmonary bypass, Phenyl: values when blood pressure was increased more than 30% of control with
phenylephrine infusion, Nitroprusside: values when blood pressure was decreased more than 30% of control with sodiun
nitroprusside infusion, Cvo;: minute oxygen consumption in brain, Fvo;: minute oxygen consumption in unilateral leg,
Rvo;: minute oxygen consumption in unilateral kidney. *P < 0.05 compared with the value of Pre CPB.

Table 4. Changes of Vascular Resistance in Each Organs

(mmHg/ml/sec) Control Pheny! Nitroprusside
Cbp/fl 672 *+ 32.3% 117.0 + 50.8+" 503 + 220
Fbp/fl 2372 + 1140 505.6 + 3642 164.2 + 189.6
Hbp/fl 774 + 84.6% 1324 + 108.4* 49.6 = 27.0
Rbp/fl 757 £ 37.0*% 2150 *+ 1598 80.4 + 46.6

All values are expressed as mean + SD. Control: values after initiation of cardiopulmonary bypass, Phenyl: values when
blood pressure was increased more than 30% of control with phenylephrine infusion, Nitroprusside: values when blood
pressure was decreased more than 30% of control with sodium nitroprusside infusion, Cbp/fl: vascular resistance of carotid
artery, Fbp/fl: vascular resistance of femoral artery, Hbp/fl: vascular resistance of hepatic artery, Rbp/fl: vascular resistanc:

of renal artery. *P < 0.05 compared with the value of Fbp/fl,
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