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=Abstract=

Hematologic Changes and Factors Related to Postoperative
Hemorrhage Following Cardiopulmonary Bypass

Haneuloo Kim, M.D. *, Youn Ho Hwang, MD.*, Seok Cheol Choi, Ph.D. **,
Kook Lyeol Choi, Ph.D. ***, Seung Woo Kim, M.D. *, Kwang Hyun Cho, M.D. *

Background: Cardiopulmonary bypass(CPB)-induced hemostatic defects may result increased
possibility of excessive hemorrhage and additional multiple transfusion reactions or reoperation.
Particularly, fibrinolytic activation and decreased platelet count and function by CPB were
proposed as a predictor of hemorrhage during postoperative periods in several reports.
Material and Method: Present study, which was conducted in 20 adult patients undergoing
CPB, was prospectively designed to examine the hematologic changes, including fibrinolytic
activation during and after CPB and to clarify the relationships between these changes and the
magnitude of the postoperative nonsurgical blood loss. The serial blood samples for
measurment of hematologic parameters were taken during operation and postoperative periods.
Blood loss was respectively counted via thoracic catheter drainage at postoperative 3, 6, 12, 24,
48 hours and total period. Result: The results were obtained as follows:Platelet count rapidly
declined following CPB(p<0.01), which its decreasing rate was an inverse proportion to total
bypass time(TBT, r=0.55, p=0.01), And platelet count in postoperative 7th day was barely near
to its control value. Fibrinogen degradating product(FDP) and D-dimer level significantly
increased during CPB(p<0.0001, p<0.0001, respectively), and both of fibrinogen and
plasminogen concentration correlatively decreased during CPB(r=0.57, p<0.01), implying
activation of fibrinolytic system. Postoperative bleeding time (BT), postoperative activated
partial thromboplastin time(aPTT) and postoperative prothrombin time (PT) were significantly
prolonged as compare with each control value (p=0.05, p<0.0001, p<0.0001, respectively). Total
blood loss was positively correlated with patient’s age, aortic clamping time (ACT) and TBT,
while there was negative correlation between platelet count and blood loss at pre-CPB, CPB-off
and the 1st postoperative day, and in some periods. Postoperative aPTT and postoperative PT
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were positively related to postoperative 6 hr and 48 hr blood loss(r=0.53, p=0.02; r=043,
p=0.05) but not to total blood loss, whereas there was no relationship between postoperative
BT and blood loss at any period. Conclusion: These observations suggest that CPB results
various hematologic changes, including fibrinolytic activation and severe reduction in platelet
count. Diverse factors such as age, platelet count, ACT, TBT and postoperative aPTT and PT
may magnify the postoperative bleeding. This study will be a basic reference in understanding
CPB-induced hemostatic injuries and in decreasing the postoperative hemorrhage

(Korean J Thorac Cardiovasc Surg 1998;31:952-63)
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Table 1. Demographic data and surgical characteristics in
study population

Characteristics Total number MeanZS.D. Range
Sample size(n) 20 - -

Sex(M/F) 6/14 - -

Age(year) - 41.55+2.87 23-60
Weight(kg) - 5397+139 4670
ACT(min) - 102.6011.18 13-214
TBT(min) . 12625+12.62 32-232

Hypothermia(C) 28371345  25.1-334

OP. procedures :

ASD

VSD

PDA

ASD + TVA

MVR

MVR + TVA

MVR+TVA+LA
thrombus

DVR

CABG

AVR

Cabrol operation

W W = = N e

L S S

Data are shown as the mean=tstandard deviation(SD).

ACT; aortic clamping time, TBT; total bypass time, ASD; repair
of atrial septal defect, VSD; repair of ventricular septal defect,
PDA; repair of patent ductus arteriosus, TVA; tricuspid valvular
annuloplasty, MVR; mitral valve replacement, LA; left atrium,
DVR; double valve replacement, CABG; coronary artery bypass
graft, AVR; aortic valve replacement.
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Fig. 1. Time courses of changes in platelet counts during
and after open heart surgery Platelet counts rapidly
decreased at CPB-10 and the diminish was postoperatively
persistent with lowest count at POD 3(x P<0.0001). There
was shown approximately 90% level of the controi on POD
7. Legend : CPB-10, 10 minutes after starting of
cardiopuimonary bypass ; B-ADC, before aorttic declamp;
POD, postoperative day.
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Fig. 2. Correlation of decrease rate of platelet count at
CPB-off with total bypass time : Prologed fotal bypass time
was accompanied by decreased platelet counts with
negative correlation.
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Fig. 3. Generation of FDP during cardiopulmonary bypass.
A marked increase in level of FDP was observed at
CPB-10 and thereafter remained to elevation at the end of
CPB with its peak level on B-ADC(»p<0.0001, significance
compared with ggggrol). Legend : CPB-10, 10 minutes after
starting of cardiopu(fﬁonary bypass ; B-ADC, before aoriic
declamp; FDP, fibrinogen/fibrin degradation products.
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Fig. 4. Production of D-dimer during cardiopuimonary by—
pass period : On all sampling points but not control, signifi-
cant levels of D-dimer were present, suggesting activation
of fibrinolytic system; the mean of number/20 is the patient
count having positive level of D-dimer(* P<0.0001).
CPB:Cardiopulmonary  bypass, B-ADC Before Aortic
declamp
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Fig. 5. Time course of change in fibrinogen and plasmino—
gen concentration on cardiopulmonary bypass Both of
fibrinogen and piasminogen cocentration declined in similar
pattern  during CPB and their reductions continued to

CPB-off(x : P<0.0001, significance to each control value).
CPB : Cardiopulmonary bypass. BfADC : Before Aortic
declamp
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Fig 6a. Relationship between change of fibrinogen and
plasminogen concentration on control : There was found
significant correlation.
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Fig. 6b. Relationship between change of fibrinogen and
plasminogen concentration on CPB-10 min: Fibrinogen
concentration proportionally fell with that of plasminogen.
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Fig., 6c. Relationship between change of fibrinogen and
plasminogen concentration on B-ADC(before aortic declamp)
: There was found significant correlation.
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Fig. 6d. Relationship between change of fibrinogen and
plasminogen concentration on CPB-off : There was found
significant correfation.
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Fig. 7. Comparison of postoperative-BT, -aPTT and -PT
with each preoperative value. Postoperative-BT, -aPTT, and
-PT shown a significant prolongation compared with their
preoperative values(xP<0.05, *»:P<0.01). Legend : Preop,
preoperative period; Postop 2hr, 2hours after operation; BT,
bleeding time; aPTT, activated partial thromboplastin time ;
PT, prothrombin time.
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Table 2. Relationship between various parameters and
magnitude of postoperative blood loss by Pearson's
correlation analysis

Correlation coefficient(r)
BL-3hr BL-6hr BL-12hr BL-24hr BL-48hr BL-T

Parameter

Platelet count:

Control -0.42*

CPB-off -0.41*% -041* -0.49%  -0.44*
POD-1 -0.43*

Post 2hr-BT

Post 2hr-aPTT +0.42* +0.53*%

Post 2hr-PT +0.43*

Age +0.49%  +0.49*
ACT +0.42*  +0.50*
TBT +0.53*
Fbg+Plg ' 0.55*

Data were expressed as negative or postive correlation
coefficient.

*: p<0.05, significant relationship between each parameter and
postoperative blood loss.

BL-hr; postoperative blood loss. BL-T; postoperatively total
blood loss. CPB; cardiopulmonary bypass. POD; postoperative
day. post 2hr, 2 hours after CPB. BT; bleeding time, aPTT;
activated partial thromboplastin time, PT; prothrombin time,
ACT; aortic clamping time, TBT; total bypass time, Fbg;

fibrinogen, Plg; plasminogen.
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