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— Abstract —

Monitoring of Heparin and Protamine Therapy by Activated
Clotting Time during Open-heart Surgery

Chung Dong Kim, M.D.* and Sung Haing Lee, M.D.*

It has been proposed that wide individual variation in response to heparin was not considered in the
conventional set protocol for the control of heparin and protamine during extracorporeal circulation.

In this paper, two protocol of heparin and protamine therapy were compared to assess the role of the
Activated Clotting Time (ACT) in relation to heparin, protamine, and postoperative blood loss and
transfusion.

The study groups consisted of the 31 patients (adults 15 and children 16} anticoagulated with the
conventional heparin protocol and the 31 patients {adults 15 and children 16) anticoagulated with ACT
protocol during extracorporeal circulation,

In the conventional heparin protocol, two mg of heparin per kg was administered initially with an
additional 0.75 mg of heparin per kg every 30 minutes of extracorporeal circulation, and reversal was
accomplished with protamine in a dose of 1.5 times the total milligram of heparin.

in the ACT protocol, two mg of heparin per kg was administered initially with an additional dose
of heparin enough to reach an ACT of 480 seconds (within safe zone 300 to 600 seconds) from the
patient’s dose response curve every 1 hour of extracorporeal circulation, and -reverseal was done with
protamine in a dose of 1.3 times the milligram of the residual heparin.

The reuslts were summarized as foilows.

After a dose of 2 mg per kg of heparin, the patient’s ACT varied from 240 to 600 seconds in adults
and from 240 t6 660 seconds in children.

In the ACT group the total amount of heparin administered was markedly reduced when compared
to the conventional group, and less protamine was required to neutralize heparin. The dose of heparin
administered decreased from 7.07 (SE 0.42) mg/kg of the conventional group to 4.92 (SE 0.32) mg/kg
of the ACT group in adults and from 10.17 (SE 1.15) mg/kg to 5.23 (SE 0.24) mg/kg in children, which
represent 30.4% and 48.6% decrease respectively. The dose of protamine administered for reversal
decreased from 10.6 (SE 0.63) mg/kg of the conventional group to 3.35 (SE 0.35) mg/kg of the ACT
group in adults and from 15.7 (SE 1.70) mg/kg to 3.26 (SE 0.27) mg/kg in children, which represent
68.4% and 79.2% respectively.

The ratio of protamine to heparin administered in the conventional group was 1.50:1 in adults and
1.54:1 in children, but in the ACT group 0.68:1 in adults and 0.62:1 in children.
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Postoperative blood loss and transfusion revealed no statistically significant difference between the

two groups.

Although six patients in the conventional group and one in the ACT group needed re-exploration for

continuous hemorrhage, no case of generalized oozing was encountered, and in each case a definite

bleeding site was identified.

Author would like emphasize the value of the ACT protocol in controlling heparin and protamine

administration during extracorporeal circulation.
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Table 1. No. of Patient
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Table 5. Heart diseases and surgical procedures

Table 2. Age
Years Without ACT With ACT
1~ 5 2 1
6 ~ 10 7 8
11~ 15 7 7
16 ~ 20 3 4
21 ~ 25 7 8
26 ~ 30 1 2
31~ 35 2 1
36 ~ 40 0
41 ~ 45 1
46 ~ 50 1
Total 31 31
Table 3. Sex
Without .
ACT With ACT Total
Male 23 16 39
Female 8 15 23
Table 4. Heart diseases
Without ACT With ACT
Congenital 23 24
Acquired 8 7
Total 31 31
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Without With

ACT ACT

ASD 4 6
VSD 10 7
TOF correction 7 10
Aneurysm of sinus valsalva

Myxoma of left atrium 1
Open mitral commissurotomy 6

Mitral valve replacement 5
Mitral annuloplasty 2

Aortic valve replacement 1
Pulmonic valvulotomy 1
Total 31 31
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Table 6. Statistics of patient
Adult (N=30) Child (N=32)
Without ACT With ACT Without ACT With ACT
(N=15) mean (N=15) mean (N=16) mean (N=16) mean
Age (year) 26.3 22.2 9.5 10.3
Weight (kg) 49.4 47.8 23.4 28.9
BSA (m?) 1.51 1.49 0.89 1.03
2.4 124.9 111.6 118.9

CPB time (min)

CPB: cardiopulmonary bypass
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Table 7. Patient respouse to heparin and protamine(With ACT, N= 31)
' ACT (sec.)
L. After RA heparin (Z2mg/kg) After protamine(H: P
'.
Initial mean - SE meant SE =1:1.3) mean*+SE
Adult (N = 15) 90.4 -+ 3.9 339.3 F21.1 103.3 + 3.8

Child (N = 16) 91.3 -+ 4.3 366.3 + 29.2 95.0 + 2.9

1 ; heparin, P; protamine
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Table 8. Dosage of heparin administered
Adult (N=30) Child (N=32)
mg (total) mg/kg mg(total) mg/kg
mean+tSE mean:= SE mean+ SE mean+ SE
Without ACT 343.1 + 20.4 7.07 +0.42 223.6 +22.1 10.17 + 1. 15
With ACT 230.2 + 12.4%* 4.92 4+ 0.32% 148.5 + 12.9*% 5.23 + 0.24%*
*p (0.0l * p ¢ 0.001
Table 9. Dosage of protamine administered.
Adult {N=30) Child (N=32)
mg (total) mg/ kg mg (total) mg/ kg
mean+SE mean+SE mean+SE meant SE
Without ACT 516.1 + 33.1 10.6 +0.63 345.6 + 32.7 15.7 £ 1.70

With ACT 157.4 + 15.1**

3.35 +0.35%*

97.0 + 13.0%* 3.26 -+ 0,27%*

** p ( 0.001
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Fig. 6. Postoperative blood loss-Cumulative
curve.

Table 10. Ratio of protamine to heparin

Heparin: Protamine

Adult without ACT 1 1.50
with ACT 1 0.68
Child without ACT 1 1.54
with ACT 1 0.62

ma/Kg
24r Child (N =26}

N
20} —— Without ACT 0«‘
»---a With ACT

o N b o
T

-l n It 1 i i 1 1 A 1 I 1
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Fig. 7. Postoperative blood loss-Cumulative
curve.
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Table 12. Re-thoracotomy for postoperative

bleeding

No. of .

case % Disease
Without ACT 6 19.4 TOF(2), VSD(2),

ASD(2)

With ACT 1 3.2 TOF(D)
Total 7 11.3

o a

7 9] &% 4] Heparin ¥ Protamine Foi Wi & 7 3
dolvt Ay Anie} AA7) Fal ¥ YA Protocoby
e}l Feisle o] & 4AFYolo]A of Protocol o]
¥x8] Heparinol o1& 4k33t Heparin & slul &
X Fol 2¥3 nHA AA4Yo] Ae ROE el F

Table 11. Blood loss and blood transfusion (re-thoracotomy cases excluded)

Blood loss Blood transfusion
ml (total) ml/kg ml (total) ml/ kg
mea?tSE mean+SE mean+SE mean+SE
Adult without ACT(N= 14) 701.8 + 137.4 14.78 + 3.3 1371 + 157 28.78 + 3.77
with ACT (N=15) 712.1 + 65.8 15.78 + 1.68 1693 -+ 313 37.27+ 7.73
Child without ACT(N=11) 715.5 *+ 124.0 32.64 +5.70 1109 + 101 50.52 + 4.80
with ACT (N=15) 590.3 + 91.1 25.85 + 5.67 1067 + 138 44,69 + 10.87
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e gaelA Ay Y 5 dohl2h2 5 Yooz
A8 &3 3hgt Heparin®t®’'$h Protamine ol ¢
Heparin %34 5 13,22) Protamine 3 3 $o113) &
A PlA A 4 P #8847 Thrombocytope
nia*222! fibrinolysis #°4 23 Factor 8 #3228
$¢ & 4 Utk Bull23 Babka? AklIE¥el st
ACTE Heparin ¥4 ¥ F#dol 2% # ¥ Heparin
o }FFA 9 £A4AFINE WAT & Ak Ak

ACTE 424 Babka? Verska®®'& ¢% £4%
of 245 wstelx sl 53l Verska®'y 48%9 Z
g2 worchm gk, z28u HAE Akl ¥ 'Young
1) Rubin§ 295} o] +% ¥ Yol F4E 24 X3}
o}

292 g MM EFEIAHE Rubins#'& ACT &
A8 7 100613 96, A#HA Protocold 4H&L
100615 6ool 4 ANFEE stoictn s AKIEY
& ACTE o] 8¢ 7001 % 3olule] 282 U A
$4 ¢ 3t9 o Generalized oozing & Sl%istz
e, Ao A AAFEE ¢ #A 74 F Genera
lized oozing & ldx fdged =5 ¥3o] ¥4
% Active bleedingol¥lvh. 22|z 6dlcf 181 2ACT
B A8 FolA AAFE] A A AF of
L AYdERFade oA PPy QY2 YA
o] ohd 7t AR e},

8 o

1979 10438 AR FHosbe) 4  Heparin
% Protamine %o ¥ Z Ao ACAE o] §3td A<
& & 31e]9 19794 104 o]z M4 Protocol ol
Ag #AF 3AE vladesld clds e 235
gt

1. Heparin ¥ %o] ACTE A1 £3& «
30.4%, Loty 48.6%4 AL wokrl,

2. Protamine ¥ o] ACTE 4183& = 4al
& 68.4%, AotE 79.2%9 FFE wokel.

3. %o ¢ Heparin | Protamine & vt a4
Protocoleil 4 43ele] 1 :1.50, 4&of7F 1:1.54 0|3
ACTE A1 84 4<gle] 1:0.68, £oF7F 1 :0.62%ch

4. €% 29 9 7Y sl de o=kl Yge 3
o] 7t gl ek,

N334 ACTE o] &3l Heparin ¥ Prota-
mine ¥4 #g x4 o Px Afojw UWMAG 2
4 # 4 Protocal ol 4 ¥ &7 4% Heparin ¥ Prota
mine et £= B4 FAE YAY 5 QUckn ¥ =
gt o] ®yl-& Heparinel &t 7t §=}=jche] ofup g2
A& %3t Heparin % Protamine Fod & =z

dae
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stme 4 ARYe) At Pyoz A4,

A o-Fd ACTH UdAd (safe zone)dl HHE

AgA FE AUst sheAo] iAok & EaAlo]
ACTE ctsta A& AYshll +54o4 4% +
slemz MAEA WA U Aoz g}
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