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Individualization of Heparin and Protamine Dosage using a
Dose-response Curve during Extracorporeal Circulation

Yong-Soon Won, M.D.", Joon-Ryang Rho, M.D’,

The adequacy of anticoagulation with heparin during cardiopulmonary bypass, and pre-
cise neutralization with protamine at the conclusion of cardiopulmonary bypass, were imp-
ortant, In sixty children undergoing cardiopulmonary bypass, ACT and heparin dose-res-
pones curve were studied. Total dose of heparin before bypass were 2.80+0.74 mg /kg and
the amount of protamine administered after bypass were 3.0+1.23 mg /kg. So protamine :
heparin ratio was 1.07 : 1.

After administration of protamine which dose is calculated with heparin dose-response
curve, ACTs were returned to normal range(mean 114.8 +13 second). The heparin sen-
sitivity and its half-life do not have relationship with age, weight, height, surface area and
urin amount during operation, And there are too much individual variations in heparin sen-
sitivity and its half-life. So conventional heparin protocols can overestimate or und-
erstimate th amount of heparin and protamine. Heparin dose-response curve makes it pos-
sible to maintain anticoagulation in a safe range during bypass with adequate amount of
heparin individually. At the conclusion of bypass, this curve can be used to predict the
precise amount of protamine amount of protamine needed for neutralization of the heparin.
But heparin dose-response curve to be used clinically, further studies will be needed about
relationship between ACT and heparin level in the high range, influence of hemodilution
and hypothermia to ACT and discrepancy between true adequate amount of protamine and
calculated amount by heparin dose-response curve,
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Table 1. Descriptive statistics for this investiga-

tion

Parameters Mean SD Range
Age(yr.) 4.29 454 0.1—15
Wt.(kg.) 16.09 12.44 3.0—58.5
Ht.(cm.) 95.14 31.85 52.5—164
Surface area(Moz) 0.63 0.34 02-14
Urine output(ml /min,) 2.97 256 0.4—10.7
Initial ACT (second) 106.83 13.88 56—145
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Fig. 1. Procedure for construction and use of the
dose-response curve. ACT : activated clot-
ting time.
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Table 2. Coefficients of correlations between patie-
nts physical characteristics and heparin

kinetics
Variable 1 Variable I correlation
Coefficient
Age Heparin dose 0.1971
Age Half life 0.0597
Wt. Heparin dose 0.1319
Wt. Half life —0.0021
Surface area Heparin dose 0.1438
Surface area Half life —0.1114
Ht. Heparin dose 0.1319
Ht. Half life —0.0021
Initial ACT Heparin dose 0.0246
Initial ACT Half life —0.2906
Urine output Heparin dose 0.0034
Heparin dose Half life 0.0893
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Fig. 4. scattergram of urine output during ope-
ration with heparin dose
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Table 3. Variable parameters of heparin dose

Paramenter Mean(mg /kg) SD Range
Initial heparin* 2.0 0.0 2

Heparinization dose™** 2.80 0.74 2—45
Heparin dose ™! 2.3 1.04 1.4—45
Total dose of heparin" 2.86 084 2-57

* . Dose of heparin administered initially

* : Total dose of heparin administered before car-
diopulmonary bypass

: Dose of heparin required to produce an ACT of 8
minutes

- : Total amount of heparin administered during
operation
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Fig. 6. Results of anticoagulation of 60 patients according to the basic schedule outlined in

this study.
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