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Activation of Fibrinolytic System during Open Heart Surgery

Yee-Tae Park, M.D.”, Kyung-Phill Suh, M.D.**, Jung Sang Lee, M.D.™

Hemorrhagic tendency observed in open heart surgery patients has been attributed, among
other causes, to increased fibrinolytic activity during extracorporeal circulation. But the exact
mechanism of enhanced fibrinolytic activity which occurs during extracorporeal circululation is
still unknown. So, we studied and compared the changes of parameters of fibrinolytic and
protein C system according to time obtained from the plasma of 31 adult open heart surgery
patients(ECC group) and 10 adult general thoracic surgery patients(control group), in order to
confirm the hypothesis that the activated protein C system might affect the fibrinolytic system
during extracorporeal circulation.

In ECC group, the the nature of the enhanced fibrinolytic activity that evolved during
extracorporeal circulation was characterized by significant increase in fibrin degradation prod-
ucts(P<0.01) and significant decrease in plasminogen and alpha2-antiplasmin(P<0.05, P<0.01)
in spite of adequate amount of heparin administration. These changes were most pronounced
in the early phase of extracorporeal circulation and normalized after termination of extracorpo-
real circulation. The results of these obsevations was the same after volume correction with the
value of hematocrit. The change of volume corrected protein C ratio during extracorporeal
circulation revealed similar pattern to those of plasminogen and alpha2-antiplasmin(P<0.01),
but volume corrected ratio of free protein S showed significant increase after the commenc-
ement of extracoprporeal circulation then decreased after extracorporeal circulation.

Although the above mentioned changes occur similarilyin both bubble type oxygenator-used
and membrane oxygenator-used patients groups, but the degree of decrease was more severe in
membrane oxygenator-used patients group(P<0.01) and showed much slower recovery to reach
to the preextracorporeal circulation level.

These results confirm the hypothesis that the enhanced fibrinolysis during extracorporeal
circulation might be caused by the activation of protein C system and the activation is possibly
linked to the appearance of thrombin from contact activation of blood after wide exposure to

the synthetic surfaces of extracorporeal circuit.
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Table 1. Clinical data in patients undergoing operation
with or without extracorporeal circulation (E-

CC)

Control ECC
Number of patients 10 31
Age (year) 40t 1.2 41 £ 2.3
Body weight (kg) 55+ 1.2 57+ 14
Body surface-area (m?) 1.61 £ 0.021 1.63 £ 0.023
Operation time (minute) 196 + 5.3 276 + 14.7
CPB time (minute) 128 £ 111
AXC time (minute) 80 + 7.7
P-CPB time (minute) 41 £59

Note: Values are mean * standard error for each items.

There are no significant differences (P >0.05) of varia-
bles between two groups. CPB; Cardiopulmonary byp-
ass. AXC, Aorta cross clamp. P-CPB; Partial cardi-
opulmonary bypass.
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Fig. 2. Change in WBC count during and after extrac-
orporeal circulation (mean * standard errors).
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Fig. 3. Change in platelet count during and after ex-
tracorporeal circulation (mean * standard err-
ors).
gt F 59, 53 daw w544 T4 A =
F 1034 FAR E4E vk Zeht o] e
FA0 wla] ofAld E Aolm 2 o] Fo| T 443
7+4-8 ek (Fig. 3, F=14.44, P<0.001). Wtd sl 2T
A ol glol, ANEHEIE Daek(P
<0.001).

2}) Tatal protein

Tatal protein®] Z7] Wz} g4 A7)qk & T4 82
Hshol & zbol b glok, 2t Al ol w3tal ¥l 4
e AEE ¢ A £A5F(6.01 £0.14gm %)
9] 50 %ulRE(3.37 £ 0.09gm % )22 ek Ao
2 30 mol]l oF7k Sobshe bAbE Holwd olv F
Al el sk G EHP<0.05). Declamp ¥ Al 9 +3k
Fof &b ofA Hetah ks AldgAEA 9 &
3 Fo0e) w2 F9]0) o R o|u] FF F 14

Zholl A 58 Zob(6.40 £ 0.12gm %), o]

F & WFo] gdck(Fig. 4). sixTotAd s A 7l
& wW3o] 9ol (Pr0.1), AAERTae 2k

oh) Alb
Alb¢] W3l total protein®] H3}}F Ao FU
oFAk-& HoleH(Fig. 5).

2) ECCE HU2TH { o
5}

J}) ECCE YT AR MEQ W

(et

PT Heparin 9 & 85 % o] A8 ol 4 £

Fol a5 el A= F4ke 156 % v
< FEoR A Zidld AYFIE AS

zH& Bolr}rl, protaming FY 7 4171, & A9

HAZ F oF 0RA¥E A5 AR,

SASHA wAo

a5

E3
lo
e

M ap
& o
o

Total protein(mg¥)

3'0 T (!‘ |S T ¥ 11 ¥ T T ¥ L) L L] ¥
< & £ € £ £ £ 2 2 r £ : &
Py BRSEGEEEIIL 2

o ¢ a
a a8 W
Time
Fig. 4. Change in total protein concentration during

and after extracorporeal circulation (mean
standard errors).
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Fig. 5. Change in albumin concentration during and ~

after extracorporeal circulation (mean % stan-
dard errors).
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Fig. 6. Change in prothrombin time during and after

extracorporeal circulation (mean * standard
errors).
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Fig. 7. Change in fibrinogen concentration during and

after extracorporeal circulation (mean t stan-
dard errors).
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Fig. 8. Change in FDP value expressed as semiqu-

antitative score during and after extrac-
orporeal circulation (mean * standard errors).
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Fig. 9. Comparative changes in FDP value according

to time between patients group undergoing op-
eration with or without extracorporeal circul-
ation. There is a significant difference by two
way ANOVA (F=4.78, P<0.01).
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Fig. 10. Change in plasminogen concentration during

and after extracorporeal circulation (mean *
standard errors).
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Fig. 11. Change in plasminogen value expressed as

volume corrected ratio of mean of initial 3
values during and after extracorporeal circul-
ation (mean % standard errors). This graph
shows significant changes of plasminogen
according to time by one way ANOVA (F=
4.92, P<0.05).
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Fig.12. Change in @ ,-antiplasmin concentration dur-

ing and after extracorporeal circulation (mean
+ standard errors).
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Fig. 13. Change in @ ,-antiplasmin value expressed as

volume corrected ratio of mean of initial 3
vlues during and after extracorporeal circul-
ation (mean * standard errors). This graph
shows significant changes of @ ,-antiplasmin
according to time by one way ANOVA (F=
7.73, P<0.01).
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Fig. 14. Change in protein C concentration duting
and after extracorporeal circulation (mean +

standard errors).

Cehil o] 74 9% alolgkel] o)al odgkg wton g PL.-
Golt alpha2-APS} 242 wpejo g 24

o} Cxb¥ Al 47 B¢ ¢+ Addedl 24
= PLG(H ] 13 %9] zt4) 3k frApskdeb(ald 12 %
o] 7r4)(Fig. 15).

(2) 2l8 sthil(free protein S)

S8 Sewe) Al seat 4302/ Wake 23
3kl ol & 4 9oy Al F3FeH(30m, Decl-
amp)ell AR ZLE 2r4 83 2 (Fig. 16), &Y il
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Fig. 15. Change in protein C value expressed as vol-

ume corrected ratio of mean of initial 3 vlues
during and after extracorporeal circulation
(mean * standard errors). This graph shows
significant changes of protein C according to
time by one way ANOVA (F=5.31, P
<0.01).

Free-protein S (% of normal)

80
70 1
60 4
50

40 -

T

T T T T
Pre t nc 30m Declarmp 12hr 24br

time
Fig. 16. Change in free-protein S concentration dur-

ing and after extracorporeal circulation (me-
an ¥ standard errors).
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Fig. 17. Change in free-protein S value expressed as
volume corrected ratio of mean of initial 2
values during and after extracorporeal circul-
ation (mean * standard errors). This graph
shows significant changes of free-protein S
according to time by on way ANOVA (F=5.
72, P<0.01).
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Fig. 18. Changes in protein C, plasminogen, 2-antip-

lasmin and fibrinogen values expressed as
voulme corrected ratio of mean of initial 3
vlues during and after extracorporeal circul-
ation (mean T standard errors). This graph
shows significant fall of all these parameters
after commencement of extracorporeal circul-
ation. But timing and rapidity of elevation
are quite different (P<0.01).
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Fig.'19. Relation of the changes in parameters of fibr-
inolytic system during and after extracorp-
oreal circulation (means).
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Table 2. Clinical data in patients undergoing open heart surgery using a bubble(B) or a membrane oxygenator

M)

B M
Number of patients 15 16
Age (year) 42 + 2.3 40 + 2.8
Body weight (kg) 56 £ 2.0 58 + 1.9
Body surface (m?) 1.63 £ 0.031 1.65 £ 0.033
Operation time (minute)’ 229 + 144 321 £ 20.0
CPB time (minute)’ 99+ 114 157 £ 16.0
AXC time (minute)’ 5516.6 104 £+ 109
P-CPB time (minute) 35 +71 47 £ 4.3
Postoperative bleeding (cc/hr) 37 £5.0 3859

Note: Values are mean % standard errors for each items.
CPB; Cardiopulmonary bypass. AXC; Aorta cross clamp. P-CPB; Partial cardiopulmonary bypass.

P<0.01

—644)), AFL 56 £ 2.0kg(H
w2 1,62+ 0.031 m*(H$) 1.47-1.83m?) g}

d Zhei ol B H.9) ol & 23 % R 753
He) £7% B9t o] 52 A#ol 4 shiley 1004 7|

3 A8} 7] B o] &3l A 3L A5t ol
2}l 9l o} 4% A) 7H-E 229 + 14, 65 (9] 150—360
yolglomd Al 9] <43k 7+ 99 + 11,4583 51—
165%-), of 5= wxpabehkA] 742 55 £ 6.6 (H9 0~
1003), F-2Al= 9354 7k2 35 £+ 7.18-(4 9] 1092
H)olgch = T3 244 10742 8] A7kt FH g
37 £ 5.0ml{(H¢ 15—72 ml) g cH(Table 2).
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)

"
5

_1_0]
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L) 348l |8 ARSI Hlsats Algee #x}
B 1662 AAA ARz 16, 3Ty AAEE
shubal g} 133, BANENRE A F 22 g o &xpel o
£ 40 + 2.841 (0] 18—60)% Tk E o] EY AF

58 + 1.9kg(H 9 47—78kg), A EHAH L 1.65 &
32m?(Hg 1.40—1.87m?) Gk A el £A
< ool A A ol o] F qaloll A= 275l 9
A7 Bl o]F F 4ol 4 Cobe CML =34t
3}7) 8 2R£319 2 12714 A William Harvey 343 AL
71 E AHEEH g E o] & Bl lo] Al 2H-E 321
+20.05(H 8] 240—5408 )4 2 T38| -2 157 &
1092 (04 60—240%), F-EAIH 3] A2bE 47 £
9. 38 (83 9-125¢)0] 5} o, FEF 244 7H71R] 2
A Zbe} EEe 38 + 5. 9ml(™9 20—120 ml)el gl
t}(Table 2).
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Hct®| W3} (Fig. 20)2 €&, WBC(Fig. 21), Plt
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Fig. 20. Comparative changes in hematocrit values

during and after extracorporeal circulation
between bubble and membrane oxyge-
nator-used groups (mean * standard errors).
There is no statistically significant differ-
ences by two way ANOVA (F=0.213, P>
0.5).
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¥ (Fig. 25) Tzl kel 9lslvh(F=0.43, P
<0.5).
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(Fig. 26, F=0.15, P>0.1).
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Fig. 21. Comparative changes in WBC count during

and after extracorporeal circulation between
bubble and membrane oxygenator-used gro-
ups (mean * standard errors). There is no
statistically significant differences by two

way ANOVA (F=0.681, P>0.5).
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Fig. 22. Comparative changes in platelet count during

and after extracorporeal circulation between
bubble and membrane oxygenator-used gro-
ups (mean * standard errors). There 1s no
statistically significant differences by two
way ANOVA (F=0.153, P>0.5).

=0.51, P>0.1).
(4) PLG
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ot} (Fig. 28). 243 MT A 45 mell, BZoll wisl
oujglAl & & BUeHP<0.05).
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2 H]—ﬂ—"” el A5 (Fig. 29)
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Fig. 23. Comparative changes in total protein concen-

tration during and after extracorporeal circul-
ation between bubble and membrane oxyge-
nator-used groups (mean =+ standard errors).
There is no statistically significant differ-
ences by two way ANOVA (F=0.288, P>
0.5).
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Fig. 24. Comparative changes in albumin concen-

tration during and after extracorporeal cir-
culation between bubble and membrane ox-
ygenator-used groups (mean * standard err-
ors). There is no significant differences by
two way ANOVA (F=1.173, P>0.1).



Prothrombin time (ratio)

12

1.0
0.8
06
0.4J

0.2

00

Pre 14
Pre 24
Inc 4

Pre ECC A
Declamp
ECC end -

Time

Fig. 25. Comparative changes in prothrombin time ex-
pressed as volume corrected ratio during and
after extracorporeal circulation between bub-
ble and membrane oxygenator-used groups
(mean * standard errors). There is no statisti-
cally significant differences by two way AN-
OVA (F=0.52, P>0.5).
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Fig. 26. Comparative changes in fibrinogen value ex-

pressed as volume corrected ratio during and
after extracorporeal circulation between bub-
ble and membrane oxygenator-used groups
(mean =* standard errors). There is no statist-
ically significant differences by two way AN-
OVA (F=0.15, P>0.1).
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Fig. 27. Comparative changes in FDP value during

and after extracorporeal circulation between
bubble and membrane oxygenator-used gro-
ups (mean * standard errors). There is no
statistically significant differences by two
way ANOVA (F=3.78, P>0.5).
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Fig. 28. Comparative changes in plasminogen value

expressed as volume corrected ratio during
and after extracorporeal circulation between
bubble and membrane oxygenator-used gro-
ups (mean =+ standard errors). There is no
significant differences by two way ANOVA
(F=2.57, P<0.5). Especially a significant
difference is noticed at 45 minute by unpai-
red t-test (P<0.05).
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Fig. 29. Comparative changes in @ ,-antiplasmin val-
ue expressed as volume corrected ratio dur-
ing and after extracorporeal circulation betw-
een bubble and membrane oxygenator-used
groups (mean * standard errors). There is no
significant differences by two way ANOVA
(F=5.74, P<0.01). Especially a significant
difference are noted at 15 minute and 30 min-
ute by unpaired t-test (P<0.01, P<0.001).
‘P<0.01, P<0.001
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Fig. 30. Comparative changes in protein C vlue ex-
pressed as volume corrected ratio during and
after extracorporeal circulation between bub-
ble and membrane oxygenator-used groups
(mean * standard errors). There is no signifi-
cant differences by two way ANOVA (F=3.
46, P<0.05). Especially a siguificant diffe-
rence is noted at 30 minute by unpaired t-test
(P<0.05).
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