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—Abstract-

Adequate Heparin-protamine Neutralization on using Blood
Cardioplegic Solution during Extracorporeal Circulation

Hyung Sub Byun, M.D.", Bong Suk Oh, M.D.",
Sang Hyung Kim, M.D.", Dong Joon Lee, M.D.*

The clinical experience with the activated clotting time(A.C.T.) for the control of heparin
and protamine therapy during cardiopulmonary bypass in 40 patients between April, 1987 and
September, 1987 is reviewed retrospectively.

All of patients used with cold blood potassium cardioplegia for myocardial protection under
standard cardiopulmonary bypass, priming and perfusate techniques respectively.

This study was divided into 2 groups of patients followed by cardiopulmonary bypass time.
Twenty patients, within 60 minutes of cardiopulmonary bypass time(group A) were compared
with twenty patients, from 60 to 120 minutes of cardiopulmonary bypass time(group B).

Using blood cardioplegia for myocardial protection, Author observed wide variation of
A.C.T. in individual respose to initial heparinization(2mg /kg) and no requirment of additional
heparin during cadiopulmonary bypass until 120 minutes. Total heparin amount during car-
diopulmonary bypass was not related to body weight and body surface area in the both groups.
After cardiopulmonary bypass, amounts of protamine for neutralization of heparin were more

required in group B.
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224 S BUT WE ol T REE B4
BEE% heparin®] FERS HFIT BABERE o
2 iy Baye 2 RS protamire &S FWEH-S
BRI To 24 Mk HM-E Folvedl EHslx Y
c}, =% protamin®) EFET FEPRES HEo] B
L5 BEAAE FALHE BB

olol EE+ LBEA BRABBHBAA 1987
455l 19874 9 7kx) BRLKS W7 BEP 4048
< HEo 2 B OHEREBNSE K@ KT
EL#e Al %% heparin HES} BARERE
9] protamire WIEFME-S BIEN A BIHBREFE &
388 protamine, heparin®&® IEFET protocold =HE
a2t & HEE wiTsha s

1. HR % Hi

Brtigc= 40M9 BLUBEEE REHNZ 24
LEPREAE 1661, LEPRBEELE 5F, FallotK
VAR EE 26, LEFPRBBE ¥ HBIRKEE 16, i
BiREERE 16, S5 0REKRIALE 26, KBRS
B 9 PASHTRLE 30, BRI o PASNTIRIE 6
Gl, fEvalst XBARIEASITIRIE 261, BIEMMAST
# ¥ SREMASRTRIE 16, ¥KE 165 cH(Table
1).

ol B¢ MAERAAMIC] 605 ol (ABF)s) 605 ol
AHBE)OR Vo] & B Witk ACT., i85
o iekmmikol =2 EAEREET £ heparink?
HEB(£ heparinik /8%, £ heparin & / REME
&), 2 heparinfoll #% protamine® 9| L, 85
R IARF A.C.T.(BQQ, 605, 905)% &3t
£%& KR FHsA

meel A F8 AnK T UELERS LHREENHS
2 {FRstd o= (Table 2), F—3A EXRA FHK
{Table 3) & ATL.LM2RE A ACT. RIE
o] 9eiA & Hemochron(International Technidyne
code No. 440)& ERA%H I, 2ml¥] MmAEL plastic
syringe® Aol A FMmste 12mgd Celite{Becton
Dickinson No. 326 XF 534)7} & HZESRHBEA EA
B3l 2-& 30BMS 18 1B ATE Hl$H14 B
&3 % hemochrono] R34 A BE7 Rol K
72 % PEstgdch BAERPEE protamine sul-
fate®] WIEHFE-S Bull o] 7T hepariniel
$i3t BREfE (does response curve)2 {EAk3le

Table 1. Distribution of cardiac disease
Diagnosis Group A Group B
ASD 5
vV.SD 12 4
T.OF. 2
V.S.D+PS. 1
L.A. myxoma ) 1
PS 1
PECD. 2
ASL 3
MS.L 6
MSI+TL 1
MSIL+AL 2
Total 20 20

Table 2. Composition of cardioplegic solution

Fresh blood 600mé
Heparin 3,000units
20% KCL 10mé
Sodium bicarbonate 18mEq
Mannitol 15mg
Hartmann’s solution 400mé
Total 1000mé

* Hct: about 25%, Measured K*: 28~30mEq/L,
Temperature: 2~6C, Osmolarity: 320~350 Osm,
pH: 7.55~7.60

Table 3. Perfusion method and equipment

Oxygenator: bubble type(Bently)

Pump: roller(travenol)

Priming: Hartmann solution 40m¢ / kg
Mannitol 0.8gm / kg
NaHCO, 1.2mEq/ kg
Solumedrol 10mg / kg

Hemodiution: 24+4%
Perfusion flow rate: 75~100mé / kg / min
Oxygen flow: 2L / min

olol {KFFFRA FRsIH el ol HY BREMR
o {FEBa% L chgz 2ot X@ol ACT.§ Yol
heparin mg / kg& &3 hepariniZ B3}z §ije] m
#e ACT.E mEstd ARo=2 Aech. heparin
2mg /kg& HLEA EAZL 5H5# ACTE &3
st BEso 2 Atol4 AESSE BES EE#RC] ACT.
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Table 4. Basci protocol of heparin administration.

1. Initially heparinization: 2mg / kg
2. Priming solution: following by calculation formula
of priming
blood amount(L)=
0.3(0.08 X B.W.+PV)—(0.08 X B.W.xHct)

0.38
heparin: 20000 /1 pint of whole blood

3. Blood cardioplegic solution: following by composi-
tion of blood CPS
4. I{ ACT is less than 480 sec during extracorporeal

circulation, added heparin following by Bull's dose
response curve

L IER 1,000mld] 3,000unit®] heparinz} R
FeHl 4 A 1pint & 2,000unit®] heparin, #%
BREE(ERT 2mg / kg® heparin® % 55#% AC.T.
7} 480 LI T8 #5H0 heparin-® Bull's dose-response
curveoll {k3ted F3ch(Table 4). HATR B¢
Foll protamine® #{EE A.C.T. fiEd =2 BY
heparin 100 unit® 1.3mg® protamined #Esto 5
St ACT. BERF Mf] A.CTol Z&st=x Zabdd
protamine® Smg#® BN ESIG =} Table 5). &4+
R AC.T.x= 480~6308-F HFFsiadct

0. B%E &

7. mEfEe E(B.W),
BERBM(TBT)SY HB

g aﬁ@ﬁ HEES M4 HET ZRBE
3ol 9z o H(PY0.05), HABBMEEMC S
A WML FET ZRE ¥olxz Yot (P0.05)

nxEM(8.5.A), M5

Table 5. Basic protocol of protamine sulfate admini-
stration

1. Protamine, 1.3mg / 1000 residual heparin at termina-
tion of bypass

2. ACT test in 5 min. after adminstration of protamine

3. Additional protamine in 5mg increments until pre-
bypass baseline ACT level is achieved.

5.0t

4.0

Heparin (mg/kg)

,C PACIUU‘ Putient

- / 1Dose response curve

Fig. 1.
cardiopulmonary bypass.

100 200 300 400

3500 600 700 X AcT

‘safe zone

Dose-response curve of individual patient group used throughout
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(Table 6).
L. FH mi%2 AcCT.2 WL

AZ¢sh BRI 5 MEE ACTE HEteme
2 BEL =82/ JehdA (P=0.39, P=
0.09)(Table 7, Fig. 2).

orol
B M

* C}. Heparin fE8R

fE o EEH <2 heparin®ke BMFlA F
B ZR87 JepdA (P=0.22, P=0.95)
(Table 8, 9, Fig. 3, 4).

o¥o)
5 X

Table 6. B.W., B.S.A. and T.B.T. of the patient(mean

+5d)

Group A Group B p value
*B.W.(kg) 26.68+12.51 39. 411354 p>0.05
‘B.S.A(M?Y) 098% 031 1.29% 031 p>0.l
*T.B.T(min) 45. 6£10.75 114.8%41.50 **p<0.05

* Legends; B.W.=body weight, B.S.A.=body surface
area. T.B.T.=total bypass time

** Significantly different from Group A and B in total
bypass time

Table 7. Comparison of pre-and post-operative ACT

Group A Group B
n 20 20
‘z -1.03 -1.65
‘p 0.30 0.69

* Wilcoxon Matched-pairs Singed-ranks test

Table 8. Comparison of total heparin / B.W.(kg)

No Mean *SD

Group A 20 5.45 1.59 "p=0.227
Group B 20 478 1.83 "t=1.23
" t-test

Table 9. Comparison of total heparin / B.S.A.(mg /m?)

ratio
No Mean *SD
Group A 20 138.17 3283 *p=0.955
Group B 20 138.80 36.81 "t=0.06

* No significantly different from Group A and B in total
heparin / body surface area ratio.

2. MABRLMO| U& £ heparinfkol #3! pro-
tamine I k#o| HK

ARfol 4 0.58, Bifoll 4 0.692 Hwg £27) e}
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“140}
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10} . Group 1} —=ecocnea
preop. ACT postop. ACT

Fig. 2. Comparison of preoperative A.C.T. and posto-
perative A.C.T.
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Fig. 3. Comparison of total heparin / body weight.
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Fig. 4. Comparison of total heparin/ body surface
area.
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UH(P=0.044). o]+ S BERAAES ER-L hepar-
in £&ol % protamine PRFERR] EMTE
&} (Table 10, Fig. 5).

of fMAEIRESMI0) OE ACT.S Bt

BARR 3055 60579 ACT.S HES HiitEe
HEHEl 99 (P=0.39), BABR 6053 9059
ACT. HEAAE & £871 gk (P=0.22),
(Table 11, Fig. 6). ot E@AFEREEM 905 712+
heparin® #Hbnzl LEULE Al4igi

Table 10. Comparison of protamine / total heparin
ratio
No Mean *SD
-Group A .20 0.58 0.16 **p=0.044
Group B 20 0.69 018 ‘t=2.08

° ttest
** Significantly different from Group A and B in pro-
tamine / total heparin ratio

Table 11. Comparison of ACT at 30min., 60min. and
90min.
Mean SD
ACT(30min.) 64860 9382 |
ACT(60min.) 64105 8204 PO
Mean SD
ACT(60min.) 647.77 90.12 *p=0.22
ACT(90min.) 615.08 88.33

* No significantly different from ACT 30min. and
ACT 60min.
“*No significantly different from ACT 60min. and ACT
90min.
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Fig. 5. Comparison of protamine / total heparin.
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Fig. 6. Comparison 'of ACT at 30min, 60min, and
90min.
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=g Jaberi’™ AKI” Z-& FE@boll $TF heparin RBK
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BAERP NBREES d8i7ka FHike] ®Riyxso
heparin HREE REsH=u] W.B.C.T.(Whole Blood
Coagulation Time), A.P.T.T.(Activated Partial
Thromboplastin Time), B.A.R.T.(Blood Activated
Recalcification Time),
(Activated clotting time) o] o=, o}F 4
ACT.x e FES T Bfe] 33 1 £R7ME
st FHBAA £4A4 BEE + U] A-Fol H
&% FkoR gol FASZ o

AC Tt mEEE BRESIT factord M/ME
factor VI-& BR#H3F 71 e} factor (453} factor VIS &
Zoll o} gkt gobt. Bull £V RRMER
£ Rt BAS £T EM3I heparin HHA &
HREE stdct>. K3 BAERRERC) 205 ~305%
2] el EXR=lw= A% BEXAF B KT BS
BREE T + U2, EEEEANA 44 heparind
HBE EXsl v A4 3% FES e fRERES
R o B/ERE protamine &S REEL 44 34
o & Bl de LGREEMSRE HmKTOEE

Hemotensiometry, A.C.T.

60. 90. 120. min Post. A.C.T.

Changes of ACT during extracoporeal circulation.

BE EAT 25, BAERRE % 905 7Axde
heparin® #FHEinst LEG = A o2 delytcl. oldl =
g} FFelle ACTO M3 EREMRA 235k
heparin #87} —#{bs] 2le}. A.C.T.= heparin
BES ERT AMMEST ol-go] FHsglon2I”
) BREME A AR LED oMK
(safe zone)oll ¥3ted £ FEEolol XKL Felelod
A.C.T.7} 4008 L1 TFo] = fibrin monomer7} M1%%ell
A B=7) t5E3ted fibrinogen platelet®] &7}
# I3 microthrombizt BT algElke] 2t3 3}
e} & A.C.T.7} 6308 o) 45l heparinflol
it BREmERS —EEL MR BRsH, M
meTgER = Emslel ghel. 28l o} A 7hR] hepar-
in%] #¥#ol —E& protocolel FEMl == ot M ¥
E%wErlct £% ohE HEEE FHD e,

EHE UG UHREFE] SOKTUEIERE
4+ FEAsld.en, ol BEEY #F/ I BERE
e € 2o ool KBNS #rE7T BH3 s
BRBAA A Q¢ = A= FiEel o Lk
¥ Ei8el heparin HiN7t LM olele HRE 71A|
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3 el o)le X HEA A WABRBES LB %
€ ACTE ##slx o+ A3xE —FHIT}. prota-
mined arginine® SHT BEXEM R SRITWMF o
33 PUREEAES vl = 3mg kg olAb B3}
o factor 1§ B F A1 A antithromboplastin®. 2 {EF
b2, =g} B P RBFE heparin rebound pheno-
menon®] £ FRSZ Jeludd fktne EETE
Heoz f5msl  alvh ool AEES] HAZ #RFH
o koo, olo) HalA B REE) BRE 2els)
T 9}\42,7.16).

Bull®, Akl”, Culliford'" %-& heparin 100unit®
cpfished LER protamine® ¥ 1.0~1.3mgo 2
FEHED Verska &2 0.5~0.75mg, Maltox'?,
Babka'®! € 1.5mg-¥ THIG ol FEE Bull 39
8 EHE wolEd 1.3mgd BER BEslS de-
cannulationB ol FAIKA BF% A.C.T. BIEEF M7
3 9 ACT.E ¢ 4+ d9rh =% heparin
rebound phenomenon® —RE g% o, Wk £8
HmE BRR 3l olste] FWMFEHS] B
2 B 83 Fis HEeFHE A BABERER
9 RSB AFdl+ & EET hepariniRe
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mined| & BABER LB ddds AKX Y @
BiRE W E ¢l 7 heparin neutralizing factor] FIER
o] sl MAEE 7T dolrdet sl ot ol e} B
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BHEL EME Rolx ol ¥k ohiel BHMY
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1. ARl BIMS HEEF %80 ACT.S %%
ACTS R+t gl

2. 8E, BRI ¥ heparin £R-2> A B
¥ bolol HEZ &7 gdd.

3. heparinfoll ¥t protamine®-& ABfol 0.589)
Al ftaf Bl 0.69% FEIL B 2olz A%

o} o] BR¥ol A heparin@oll ¥3F protamine®-S A

Boll sl 2t ppel ERS o

4. BHel A @AERS ACT. 305, 607, 905¢&
& HBIL £R ARM] AT #ke gt o
< BRI EES X heparin® Biie &
EJE Aes BHsA

5. & Wold BARRPY] ACT.E BEK
(A.C.T. 400~6308)2] ##7) TeEsldn B A5

o] W2y g2 ACT.E sty oot

6. BABRMALG ACT. 6308 ikl 754
E ololl HY 4RES BEL ook
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