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=Abstract=
Thromboelastographic Analysis of the Coagulation System During
Cardiopulmonary Bypass
—Analysis of the Effect of Low-Dose Aprotinin-

Kwhanmien Kim, M.D.*, Kay-Hyun Park, M.D. *, Tae Gook Jun, M.D. *,
Jhingook Kim, M.D. *, Young Mog Shim, M.D. *, Pyo Won Park, MD. *,
Hurn Chae, M.D. *, Won-Gon Kim, M.D. **, Yong Jin Kim, M.D.**

Thromboelastography(TEG) is the unique measure that gives rapid information about the
whole clotting process. Simplifying the diagnosis of coagulopathy during operations, TEG
can provide an adequate therapy for postoperative bleeding. Remarkable improvement in
hemostasis after cardiopulmonary bypass(CPB) has been achieved by the treatment with
proteinase inhibitor aprotinin, but the hemostatic mechanism of aprotinin during CPB is
still unclear. This study was designed to evaluate the effects of aprotinin on coagulation
system during CPB by using TEG. Forty patients who underwent CPB were divided into
two groups: aprotinin(2 X 10° kallikrein inhibition units, as a single dose into the
cardiopulmonary bypass priming solution) treatment group(male 14, female 8, mean
age=50.8years) and no aprotinin treatment(control) group(male 10, female 8, mean age=53.4
years). TEG, activated clotting time, prothrombin time, activated partial thromboplastin time,
platelet counts, fibrinogen and fibrinogen degradation product(FDP) concentrations were
checked before and after CPB(30 minutes after neutralization of heparin effect by
protamine sulfate). There was no significant difference in other conventional coagulation
tests of two groups except postcardiopulmonary bypass FDP concentration in control group,
which was significantly increased compared to that in aprotinin group(p<0.05). In TEG
variables of both groups, clot formation time(K) and alpha angle( @ ") were significantly
increased and decreased, respectively, after CPB(p<0.05), but fibrinolytic index(LYS60) was
not changed during CPB. In aprotinin group, reaction time(R) was decreased significantly
after CPB(p<0.05) but maximum amplitude(MA) was not changed(p>0.05). On the contrary,
R was not changed markedly but MA was decreased significantly in control group after
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CPB(p<0.05). This result shows that the main change in coagulation system during CPB is
not hyperfibrinolysis but decrease in clot strength by platelet dysfunction, and the main
effect of aprotinin during cardiopulmonary bypass is the maintenance of clot strength to the
pre-CPB level by the preservation of platelet function.

(Korean J Thorac Cardiovasc Surg 1997; 30:677-85)
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Fig. 1. Analysis of thromboelastography
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Table 1. Clinical characteristics

Control group Aprotinin group

Mean age(year) 53.41139 50.8*12.1
Sex(M:F) 10 : 8 14 : 8
Diseases VHD 5§ VHD 13
CHD 10 CHD 8
others 3 others 1
CPB time (min) 131.4 *66.8 136.9+44.3

VHD : valular heart disease = CHD : coronary heart disease

CPB : cardiopulmonary bypass

others in control group : ventricular septal defect 1, atrial septal
defect 1, constrictive pericarditis 1

others in aprotinin group : acute aortic dissection 1

Student t-test and Fishers test revealed that there was no difference
between control and aprotinin groups in age, sex, disease pattern
and CPB time.
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Table 2. Preoperative conventional hemostatic parameters
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Table 5. Conventional hemostatic parameters

Control Aprotinin  p-value pre-CPB post-CPB p-value
Platelet( X 103/ £ 1) 198.5+375 18674609 ns Platelet(X 103/ 1)  186.7+60.9  103.5+28.7 0.001
PT(INR) 1.1910.16 1.2070.19 ns PT (INR) 1.201+0.19 1.83:+0.38 0.001
aPTT (sec) 382+ 156 40.8%+5.2 ns aPTT (sec) 40.8£5.2 74.8+9.5 0.003
ACT (sec) 1289+15.7 128.1%146 ns ACT (sec) 128.11+14.6 128.9+14.0 ns
Fibrinogen (mg/dl) 29.416.53 02+95 ns Fibrinogen (mg/dl) 30.2+9.5 189%45 0.008
FDP(ng/dl) 6.712.3 71127 ns FDP(ng/dl) 7.1£2.7 14.5+4.1 0.031

PT : prothrombin time

aPTT : activated partial thromboplastin time
ACT : activated clotting time

FDP : fibrinogen degradation product

INR : international normalized ratio

ns : not significant (p > 0.05)

Table 3. Preoperative parameters of TEG

R(min) K(min) MA(min) a’ LYS60

Control  10.6+14.7 5.1£2.1 479+74 237%t114 3.5*+1.9
Aprotinin  94+5.1 6.1+£2.5 54.548.6 274*76 37%17
p-value ns ns ns ns ns

R : reaction time

K : clot formation time

MA : maximal amplitude of clot strength

o ": alpha angle

LYS60 (%): percent of fibrinolysis at 60 min after MA
ns : not significant (p > 0.05)

Table 4. Conventional hemostatic parameters ofcontrol
group
pre-CPB post-CPB p-value

Platelet( X 103/u D 198.5+37.5 105.3£31.2 0.001
PT(INR) 1.19£0.16 1.71+£0.37 0.001
aPTT(sec) 38.21+15.6 502124 0.001
ACT(sec) 1289+ 15.7 129.6 X 13.8 ns
Fibrinogen (mg/dl) 294165 16.7+1.8 0.008
FDP(ng/dl) 67123 24.0+4.7 0.009

PT : prothrombin time

aPTT : activated partial thromboplastin time
ACT : activated clotting time

FDP : fibrinogen degradation product

CPB : cardiopulmonary bypass

INR : international normalized ratio

ns : not significant (p > 0.05)
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Hek 2F o] Alsnlolsia MFo) TEG EA42 5] w3}

PT : prothrombin time

aPTT : activated partial thromboplastin time
ACT : activated clotting time

FDP : fibrinogen degradation product

CPB : cardiopulmonary bypass

INR : international normalized ratio

ns : not significant (p > 0.05)

Table 6. TEG parameters of control group

R(min) K(min) MA(min) a’ LYSe(%)

pre-CPB  10.6+14.7 5.1F21 479%t74 23.7%114 35*19
post-CPB 125175 10.9+34 37.3%£56 153+48 76145
p-value ns ns ns ns ns

R : reaction time

K : clot formation time

MA : maximal amplitude of clot strength

o °: alpha angle

LYSeo (%): percent of fibrinolysis at 60 min after MA
CPB : cardiopulmonary bypass

ns : not significant (p > 0.05)

Table 7. TEG parameters of aprotinin group

R(min) K(min) MA(min) a’ LYSeo(%)

pre-CPB  94t51 6.1%t25 545+86 274%t76 37%1.7
post-CPB 16.1£5.6 29.7£5.6 50.3£7.6 17.11470 4.1+1.5
p-value 0.02 0.015 ns .014 ns

R : reaction time

K : clot formation time

MA : maximal amplitude of clot strength

a " alpha angle

LYSe0 (%): percent of fibrinolysis at 60 min after MA
CPB : cardiopulmonary bypass

ns : not significant (p > 0.05)
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Table 8. Postoperative conventional hemostatic parameters Table 9. Postoperative parameters oiTEG

Control Aprotinin p-value R(min) K(min) MA(min) a’ LYSe0(%)

Platelet( X 10% x ) 105.3+31.2 103.31+28.7 ns

PT(INR) 1.71 £0.37 1.83+0.38 ns
aPTT(sec) 50.2+124 748195 ns
ACT(sec) 129.6+13.8 1289+14.0 ns
Fibrinogen (mg/dl) 167118 189145 ns
FDP(ng/dl) 240147 14.51+4.1 0.03

PT : prothrombin tirne

aPTT : activated partial thromboplastin time
ACT : activated clotting time

FDP : fibrinogen dezradation product

CPB : cardiopulmonary bypass

INR : international normalized ratio

ns : not significant (p > 0.05)

23815 2 H(p<0.05), AFaLRsE
(p>0.05). AlTuloisfro] o3t £ F7te) dnk Helg3 A
Al Azfe] #3EE- v]|@ 3t oA E(Table 8), platelet count,
PT, aPTT, ACT, fibrinogen?] 3= ¥ F7tel| Aol7} 9l
o}, Alsfulolsfx Fof FDPY] F7ke tlRFolA o2
el A Rt A5 chp<0.05). Alsiutolshze] o3t
T T TEG SA A& H3E vwsl] 2 H(Table 9,
Fig. 2), ¥ T2toll= ubsAZl, dAYAAZ, dA7G e
2o ate]7h QI o m(p<0.05), ¥tzt B A4 SEAl 5
N A= zbel7} $Hp>0.05).
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A HAEE BASDAGCR Hreh, 1 whE 7}
Wlel ) SR BASRAE 27] Afd WA
Alo) A7k elslelr] Wo] WamAgas) AzAeol

v A ge e ARt AFe F2 Z. SpiessTE

Control  12.5%£7.5 10.9%34 373156 153%+48 76+4.5
Aprotinin 16.11%5.6 29.7+5.6 50.317.6 17.1£4.70 4.1%+1.5
p-value 0.04 0.001 0.03 ns ns

R : reaction time

K : clot formation time

MA : maximal amplitude of clot strength

@ alpha angle

LYSeo (%): percent of fibrinolysis at 60 min after MA
CPB : cardiopulmonary bypass

ns : not significant (p > 0.05)
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Fig. 2. Postcardiopuimonary bypass TEG features

* In control group, K time was prolonged and alpha angle
was decreased markedly after cardiopulmonary bypass, but
R time was not changed. In aprotinin group, R and K time
were prolonged markedly and alpha angle also was
decreased after bypass, but MA was maintained at the
prebypass level.

* The pre-CPB thromboelastographic features of the two
groups are similar to Aach other.
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