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Experimental Studies of the Blood Gas Transport during
Normothermic Hemodilution Perfusion

Hee Chul Park, M.D.,* Moon Sub Kwack, M.D.,* Se Wha Kim, M.D.*
and Hong Kyun Lee, M.D **

Extracorporeal circulation by hemodilution technique has been currently used with its clinical safety
and good peripheral tissue perfusion in open heart surgery. There is no doubt that O, carrying capacity
of the blood is disturbed by decreased hemoglobin level resuiting from hemodilution of the circulating
blood.

From the view point of the biood gas exchange, these experimental studies were undertaken to deter-
mined the safe limit of hemodilution in the condition of cardiopulmonary bypass with a constant perfu-
sion flow rate.

Twelve adult mongrel dogs weighing 10 to 13 Kg. were anesthetized with pentobarbital and then
respiration was controlled with Harvard volume respirator using room air.

The cardiopulmonary by pass was performed by use of Sarns heart lung machine (console 5000, 5
head and 2 rolier pumps) and Travenol pediatric bubble oxygenator. The perfusion rate during bypass
was maintained at a constant rate of 80 mi/min/Kg of body weight. The ratio of oxygen gas flow to
bloodflow was kept in 3 to 1 constantly.

International hemodilution was attained by serial blood withdrawals and immediate infusion of equal
volumes of diluants composed of Ringer's lactate, 5% dextrose in water and 25% mannitol solution,
proportionally 60%, 30%, and 10%. Arterial and venous blood samples were obtained between 15 and 20
minutes following each hemodilution. Hematocrits and hemoglobin values, PO,, PCO, and pH were
measured. Oxygen and carbon dioxide contents, oxygen consumption and carbon dioxide elimination
were calculated groups according to different hematocrit values and the correlations were evaluated.

Results were as follows. .

1. The arterial Oy tension and O; saturation were maintained at the physiological level irrespective
of the hematocrit value.

2. The venous O tension and O, saturation showed a tendency to decline with the decrease in hema-
tocrit value and positive correlation between them (r = +0.49, r = +0.76). The mean values of venous O,
tension and O, saturation, however, were not decreased when the hematocrit levels were lower than 20%.
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3. The arterial O, content declined lineally in proportion to the fall of hematocrit level with a posi-

tive correlation between them {r = +0.95).

4. The venous O, contents were decreased gradually as the hematocrit value decreased with positive

correfation between them (r = +0.89).

The trend of diminution of venous O, content, however, was

became low according to progressive decrease of hematocrit level.

5. Systemic oxygen consumption was in higher range than O, requirment of basal metabolism when

the hematocrit value was above 20%, but abruptly decreased when the hematocrit value became to beiow

20%.

6. The arterial CO, tension and CO, content showed trend of increasing with progressive decrease

of hematocrit value but exhibited a rather broad range and there was no relationship between those

value and the hematocrit value.

7. The venous CO, tension and CO, content have aiso no correlation with change of Ht. value but

related directly to those value of arterial blood with positive correlation between them (r = +0.78,r =

+0.95).

8. A-V difference of CO,; content and CO, elimination was not significantly influenced by Ht.

value.

From the results, we obtained that feasible limit in intentional hemodilution is above the hematocrit

value of 20% under the given experimental condition.
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Fig. 1. Arterial and venous O, Content with Ht.
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Table 1. Blood gas values & O2 consumption with various Ht. during hemodilution perfusion.

Ht. (%) 36 ~ 40 31~ 35 26 ~ 30 21~ 25 16 ~ 20 11~ 15
PvO2(mmHg) 36.5+1.8 351 +2.0 33.8 *x2.t 32,3 2.3 30.5 *+2.4 31.5 *+2.8
Sa02(%) 97.2+ 1.8 97.6 +1.6 98.0 +1.1 98.3 0.9 985 +0.6 99.0 *0.5
Sv02(%) 64.84+2.2 61.4 +3.3 58.0 +3.9 53.5 +4.1 459 +3.7 46,0 +3.6

Ca02(Vol. %) 17.24 +1.23 15.31 +1.02 13.32+0.80 11.38+0.65 9.07 +0.51 6.96 +0.58
CvO2(Vol. %) 11.44+1.15 9.54 +0.95 7.75+0.73  5.96 +0.63 4.43 +0.48 3.15 4 0.26
VO2(ml/kg/M) 4.64 +0.41 4.59+0.4f 4.45+0.38 4.3¢+0.31 3.72+0.29 3.04 £o0.21

All values are mean 7+ standard error

PvO2: venous O2 tension, SaQz: arterial Oz saturation, SvO:: venous Q2 saturation,

CaOz : arterial Oz content,

CvO2: venous Oz content,

V02 : Oz consumption
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Fig.2. Relationship between O, Consumption
and Ht.
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Table 2. Blood COz gas value & CO2 elimination with various Ht. during hemodilution perfusion

Ht. (%) 36 ~ 40 31~35 26 ~ 30 21~ 35 16 ~ 20 1i~15
PaCOz(mmHg) 33.1 *4.5 345 +4.3 37.6 +3.4 39.8 *+2.5 445 +2.6 42.5 3.5
PvCO2(mmHg) 38.5 +4.6 41,5 +4.2 46,9 +3.5 528 +3.1 59.5 +2.8 59.0 *+4.2
CaCO#(Vol. %) 39.9 +3.2  42.7 +3.3 454 2.6 46,6 *+2.3 49.9 +£2.8 47.7 4.8
CvCO2(Vol. %) 44.5 *3.2 47.2 +3.9 510 +2.5 529 +2.8 56.0 +3.2 52.8 ¥£5.2
VCO2(mi/M/kg) 3.69 £0.57  0.60+0.45 4.47 £0.64  5.04£0.43  4.87 £0.40 4.08+0.51

All values are mean T standard error

PaCO2: arterial COz tension, PvCO2:venous CO2 tension, PCO3 : A-V difference. of COz tension,

CaCOz: arterial CO2 content,

CvCO3: venous COz content,

VCO3z:COz elimination.
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and Ht.
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