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Introduction: Interindividual variability of clopidogrel responsiveness, 

rather than the proximity to surgery, may influence bleeding and 

transfusion requirement. The objective of this study was to evaluate the 

association of % platelet inhibitory response to clopidogrel assessed by 

modified thromboelastography (TEG) with bleeding and transfusion 

requirement following off-pump coronary bypass surgery (OPCAB). 

Materials and methods: One hundred patients receiving clopidogrel 

within 5 days of OPCAB were prospectively enrolled. Primary endpoint 

was to compare postoperative bleeding and transfusion requirement in 

relation to tertile distribution of % platelet inhibitory responses to 

clopidogrel. 

Results: Blood loss of the patients in the third tertile was 914 ± 264 ml 

versus 623 ± 249 ml in the first and 683 ± 254 ml in the second tertile (p 

= 0.001). Significantly more patients in the third tertile were transfused 

and the number of units transfused was also larger. On multivariate 
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analysis, % platelet inhibitory response to clopidogrel in the third tertile 

was associated with 11-fold increased risk of transfusion (95% 

confidence interval: 2.77 to 47.30, p = 0.001). By receiver operating 

characteristics curve analysis, the optimal cut-off value for transfusion 

was 70% platelet inhibitory response to clopidogrel (area under the 

curve: 0.771; 95% confidence interval: 0.674 to 0.868, p <0.001). 

Conclusions: Regardless of the proximity of clopidogrel exposure, 

patients exhibiting % platelet inhibitory response to clopidogrel < 70% 

may safely undergo OPCAB without increased risk of transfusion 

requirement. TEG platelet mapping assay might be useful in providing 

an objective guide to decide the timing of OPCAB in patients who are in 

need for continued antiplatelet therapy. 

---------------------------------------------------------------------------------------- 

Key words : clopidogrel responsiveness, postoperative bleeding and 

transfusion, off-pump coronary bypass surgery 
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I. INTRODUCTION 

As dual antiplatelet therapy with aspirin and clopidogrel became the corner 

stone of the management of patients with coronary artery disease1,2 , increasing 

number of patients presenting for coronary bypass graft surgery (CABG) are 
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subjected to irreversible platelet inhibition. Consequently, concerns for 

increased hemorrhagic complications following on-pump CABG have lead to 

recommendations to stop the medications 5 days before elective surgery 3-5 .  

In view of postoperative blood loss, cardiopulmonary bypass (CPB) has 

deleterious effects on the coagulation system and off-pump CABG (OPCAB) 

has been proposed as an alternative surgical technique to reduce the risk of 

transfusion requirement in patients with recent exposure to antiplatelet therapy, 

however with conflicting results6-9 . This inconsistency may be attributable to 

the presence of substantial interindividual variability of clopidogrel 

responsiveness which has not been considered previously in the surgical 

setting10,11 . Accordingly, the timing of surgery should be decided based on 

more objective findings encompassing the individual variability of clopidogrel 

responsiveness balancing the bleeding risk and ischemic benefit. 

For that purpose, platelet function assays have been used with prospective 

studies demonstrating close correlation between decreased clopidogrel 
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responsiveness and increased ischemic complications following percutaneous 

coronary intervention (PCI)12-14 . However, no comprehensive data exist with 

regard to association of increased bleeding and transfusion requirement with 

clopidogrel responsiveness following OPCAB. 

The aim of this study is to evaluate the relationship between the clopidogrel 

responsiveness assessed by thromboelastography (TEG) platelet mapping 

assay (Haemoscope Corp, Niles Ill) and postoperative blood loss and 

transfusion requirement in patients with recent exposure to clopidogrel 

undergoing OPCAB in a prospective, observational trial.
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II. MATERIALS AND METHODS 

1. Subjects 

After institutional review board approval and informed consents were obtained, 

patients scheduled for isolated multivessel OPCAB between December 2007 

and March 2009 were prospectively studied. Exclusion criteria were: 

emergency, myocardial infarction (MI) within 1 month, history of previous 

cardiac surgery, history of bleeding diathesis or hepatic dysfunction, left 

ventricular ejection fraction <40%, hematocrit <33%, platelet count <100,000 

mm3, abnormal range of prothrombin time and activated partial thromboplastin 

time, creatinine (Cr) >1.4 mg/dL and use of glycoprotein IIb/IIIa inhibitors. 

A total of 100 patients who received daily oral regimen of aspirin 100 mg and 

clopidogrel 75 mg for at least 1 week were enrolled. Patients’ constitution 

according to the discontinuation date of the dual antiplatelet therapy was as 

follows: aspirin and clopidogrel continued until 1 day before surgery (n = 50), 

and until 3 days before surgery (n = 50). The subdivision at 3 days before 
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surgery was according to the rate of platelet function recovery15 , and the 

results of previous studies performed in OPCAB 6,7. 

2.Perioperative management  

Patients’ perioperative management was done according to institutional 

standards by a single team of anesthesiologists and cardiothoracic surgeons 

who were blinded of the TEG platelet mapping assay results. 

On the patient’s arrival at the operating room, standard monitoring devices 

were applied, including a pulmonary arterial catheter (Swan-Ganz CCOmbo 

CCO/SvO2; Edwards Lifesciences, Irvine, Calif), which was inserted through 

the right internal jugular vein. Anesthesia was induced with intravenous 

midazolam (0.05 mg/kg) and sufentanil (1.5-3.0 g/kg), and maintained with 

sevoflurane (1-2 vol.%) and continuous infusion of sufentanil (0.5-1.5 

g/kg/hr). Neuromuscular blockade was achieved by administering 

rocuronium bromide (0.9 mg/kg) and maintained with continuous infusion of 

vecuronium bromide (1-2 g/kg/min). Intravascular volume replacement was 
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managed with crystalloid and colloid solutions to maintain the pulmonary 

capillary wedge pressure between 8–16 mmHg according to the baseline values. 

Central temperature, as measured by pulmonary arterial catheter, was 

maintained between 36-37°C with warm mattress, forced warm air blanket, 

and fluid warmer as necessary. All surgical procedures were performed by one 

surgeon through a median sternotomy and the heart was displaced using 

posterior pericardial stitch, large (12 x 70 cm) gauze swabs and tissue stabilizer 

(Octopus Tissue Stabilization System, Medtronic Inc, Minneapolis, Minn). 

Systemic heparinization during anastomoses was achieved with 150 U/kg of 

porcine heparin with additional doses to reach the target activated clotting time 

(ACT) > 300 sec. On completion of anastomoses, heparin activity was 

neutralized with protamine sulfate (0.5 mg/150 U of heparin). A cell salvage 

device was used during the surgery in all cases and salvaged blood was re-

infused to the patient before the end of the surgery. None of the patients 

received antifibrinolytics throughout the study period. All patients were 
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transferred to the intensive care unit (ICU) after the surgery. 

Allogenic packed red blood cells (pRBCs) were transfused when the 

hematocrit level was < 24% throughout the study period. Fresh frozen plasma 

(FFP) was transfused when the postoperative international normalization ratio 

> 1.5 with excessive bleeding > 200 ml/h for 2 consecutive hours. The criteria 

for transfusion of platelets were postoperative platelet count < 50,000/mm3 

with excessive bleeding > 200 ml/h for 2 consecutive hours. Surgical re-

exploration was indicated when chest tube drainage was greater than 200 ml/h 

for 6 consecutive hours or greater than 400 ml during the first hour despite 

normalized ACT and global coagulation status.  

Hematocrit level, platelet counts, prothrombin time and activated partial 

thromboplastin time were measured 24 hours before and after the surgery. Total 

number of units of pRBC, FFP and platelets given during the postoperative 

hospitalization period were recorded, including the number of units given 

during the operation and in the ICU postoperatively. Intraoperative blood loss 
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was recorded as the amount of blood collected by a cell salvage device which 

was processed and re-infused. Postoperative blood loss was recorded as the 

volume of chest and mediastinal tube drainage measured at 24 hours after 

surgery and the drained blood was not re-infused. Dual antiplatelet therapy 

consisting of aspirin 100 mg and clopidogrel 75 mg was started 24 hr after the 

surgery as adequate. 

3. Endpoints 

A.Primary endpoints: Amount of postoperative blood loss and transfusion 

requirement were compared in relation to tertile distribution of % platelet 

inhibitory responses to clopidogrel measured by TEG platelet mapping assay. 

Blood sampling and TEG platelet mapping assay were performed immediately 

before induction of anesthesia according to manufacturer’s recommendation. 

Technical details were already described elsewhere 13 . The results of the TEG 

platelet mapping assay were blinded to the surgeon as well as anesthesiologists 

involved in patient management. 
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B.Secondary endpoints: Evaluation of risk factors of transfusion requirement 

including % platelet inhibitory responses to the antiplatelet agents and 

discontinuation date was performed. In addition, evaluation of 5 major 

morbidity endpoints and 30-day incidence of major adverse cardiac events 

(MACE) were performed. Major morbidity endpoints were defined as 

permanent stroke, renal dysfunction, any cardiac surgery re-operation, 

prolonged ventilation greater than 48 hours, and deep sternal wound infection16 

. For clarification, renal dysfunction was defined as acute postoperative renal 

insufficiency resulting in one or more of the followings: an increase of serum 

Cr to more than 2.0 mg/dl; 50% or greater increase in Cr over baseline 

preoperative value; a new requirement for dialysis. MACE was defined as 

cardiac death, MI and revascularization. Postoperative MI was defined as the 

occurrence of increase in troponin-T ≥0.5 ng/ml (five times above the upper 

normal limit) and/or development of new pathologic Q wave on ECG17 . 

Troponin-T was evaluated 1 day prior to surgery and 12, 24 and 48 h after 
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surgery.  

4. Statistical analysis 

Statistical analyses were performed using SPSS 13.0 (SPSS Inc., Chicago, IL, 

USA).  We determined that 84 patients would be required to detect 250 ml 

difference in postoperative blood loss in relation to tertile distribution of % 

inhibitory responses to clopidogrel with a SD of 300 ml or 93 patients to detect 

a double fold increase in the incidence of transfusion requirement in the third 

tertile considering that 40% of the patients with similar characteristics required 

transfusion following OPCAB at an alpha level of 0.05 with 80% power7 . 

Continuous variables were compared by t test for normally distributed values; 

otherwise the Mann-Whitney U test was used. Proportions were compared by 

Fisher exact test or chi-square test as appropriate. Odds ratios and 95% 

confidence intervals investigating the independent predictive role of % platelet 

inhibitory responses to antiplatelet agents assessed by TEG platelet mapping 

assay on transfusion requirement were assessed by logistic regression. The 
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following parameters were first evaluated in the univariate model: age, female 

gender, preoperative hematocrit, left main disease, % platelet inhibitory 

response values and discontinuation date of the antiplatelet agents, and 

variables with p <0.2 between patients who required transfusion or not. Only 

variables with p <0.2 were then entered into the final model of multivariable 

logistic regression analysis. Ability of the TEG platelet mapping assay to 

discriminate patients who required transfusion or not was evaluated by receiver 

operating characteristics (ROC) curve analysis. The optimal cut-off value was 

calculated by determining the % platelet inhibitory response value providing 

the greatest sum of sensitivity and specificity. Categorical variables are 

expressed as n (%) and continuous variables are expressed as mean ± SD with 

p <0.05 considered statistically significant. 
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III. RESULTS 

OPCAB could be successfully performed in all 100 patients without emergent 

conversion to on-pump CABG. Hemostatic re-exploration due to excessive 

bleeding was performed in 1 patient who had received clopidogrel therapy 

until the day before surgery. However, an obvious surgical bleeder was found 

and thus, data of this patient was excluded from statistical analyses. 

Patients’ characteristics including the number of patients who stopped 

clopidogrel 1 day before surgery and % platelet inhibitory response to aspirin 

were all similar in relation to tertile distribution of % platelet inhibitory 

response to clopidogrel (Table 1). 
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Table 1.  

Patients’ Characteristics in Relation to Tertile Distribution of % Platelet 

Inhibitory Responses to Clopidogrel 

 

 Total 

(n = 99) 

First tertile 

(15.0-43.4%)

Second tertile 

(43.6-75.9%) 

Third tertile 

(76.5-100%) 

p Value 

Age (yrs) 65 ± 7 65 ± 7 65 ± 6 65 ± 7 0.989 

Female gender 28 (28) 12 (36) 9 (27) 7 (21) 0.174 

Body surface area (㎡) 1.7 ± 0.1 1.7 ± 0.1 1.7 ± 0.1 1.7 ± 0.1 0.564 

Preoperative medication      

Beta-blockers 76 (77) 27 (82) 25 (76) 24 (73) 0.384 

Renin-Angiotensin system antagonists 36 (36) 15 (46) 12 (36) 9 (27) 0.127 

Calcium channel blockers 59 (60) 17 (52) 20 (61) 22 (67) 0.212 

Statins 72 (73) 25 (76) 23 (70) 24 (73) 0.783 

Hypertension 64 (65) 24 (73) 19 (58) 21 (64) 0.442 

Diabetes mellitus 41 (41) 14 (42) 15 (46) 12 (36) 0.619 

Left ventricular ejection fraction (%) 62 ± 9 63 ± 10 61 ± 10 62 ± 7 0.573 

Left main disease 31 (31) 9 (27) 12 (36) 10 (30) 0.792 

Clopidogrel stopped 1 day before surgery 49 (50) 16 (49) 12 (36) 21 (64) 0.221 

Thromboelastography parameters      

  % inhibitory response to clopidogrel 58 ± 26 29 ± 11 59 ± 10 87 ± 8 < 0.001 

  % inhibitory response to aspirin 69 ± 21 69 ± 21 67 ± 21 74 ± 16 0.381 

  Reaction time (min) 11.3 ± 3.0 11.6 ± 2.8 10.7 ± 2.9 11.5 ± 3.5 0.453 

  Clotting time (min) 3.8 ± 1.8 4.1 ± 1.8 3.5 ± 1.2 3.9 ± 2.1 0.331 

  α angle (˚) 44.2 ± 10.5 43.7 ± 12.2 44.8 ± 8.8 44.3 ± 10.4 0.915 

  Maximal amplitude (mm) 61.5 ± 5.8 60.4 ± 6.4 62.5 ± 5.4 61.6 ± 5.4 0.337 

Laboratory data      
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 Total 

(n = 99) 

First tertile 

(15.0-43.4%)

Second tertile 

(43.6-75.9%) 

Third tertile 

(76.5-100%) 

p Value 

Creatinine (mg/dL) 1.0 ± 0.2 1.0 ± 0.2 1.0 ± 0.2 1.0 ± 0.1 0.731 

  Hematocrit (%) 40 ± 3 39 ± 3 40 ± 3 40 ± 4 0.292 

Platelet count (103/mm2) 258 ± 54 265 ± 67 257 ± 51 251 ± 43 0.571 

  Prothrombin time (sec) 11.3 ± 0.7 11.3 ± 0.7 11.5 ± 0.7 11.2 ± 0.7 0.302 

  Activated partial thromboplastin time (sec) 31.5 ± 3.2 30.6 ± 3.2 32.1 ± 3.6 31.6 ± 2.6 0.165 

Values are the number of patients (percentage) or mean  SD.   

Tertiles were established for the percentage of platelet inhibitory response to 

clopidogrel measured by thromboelastography mapping assay. 
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In the perioperative data, patients in the third tertile had significantly larger 

amount of postoperative blood loss than those of the first and second tertile. In 

addition, significantly more number of patients in the third tertile required 

pRBC and FFP transfusion and the number of units transfused were also 

significantly higher in patients in the third tertile than those in the first tertile 

(Table 2). Platelets were transfused to 2 patients each of the second and third 

tertile during the postoperative period and 6 units were transfused in each 

patient. 
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Table 2.  

Perioperative Data in Relation to Tertile Distribution of % Platelet Inhibitory 

Responses to Clopidogrel 

 

 Total 

(n = 99) 

First tertile 

(15.0-43.4%) 

Second tertile 

(43.6-75.9%) 

Third tertile 

(76.5-100%) 

p Value 

Operation time (min) 270 ± 48 266 ± 46 275 ± 56 268 ± 42 0.712 

Total graft reconstruction time (min) 33 ± 9 32 ± 8 33 ± 10 33 ± 10 0.922 

Number of grafts performed 3.4 ± 0.7 3.5 ± 0.8 3.4 ± 0.7 3.4 ± 0.7 0.881 

Intraoperative      

  Fluid input (L) 3.7 ± 0.7 3.7 ± 0.7 3.6 ± 0.7 3.6 ± 0.8 0.818 

  Urine output (ml) 707 ± 481 818 ± 688 662 ± 359 641 ± 296 0.266 

Blood loss (ml) 234 ± 151 189 ± 88 261 ± 183 251 ± 160 0.110 

Number of patients transfused with pRBC 6 (6) 1 (3) 3 (9) 2 (6) 0.608 

pRBC transfusion (unit) 0.1 ± 0.3 0.1 ± 0.2 0.1 ± 0.3 0.1 ± 0.4 0.751 

Postoperative      

Fluid input 24 hr (L) 3.9 ± 0.9 3.8 ± 0.8 4.0 ± 0.9 3.8 ± 0.9 0.705 

  Urine output 24 hr (L) 3.1 ± 0.7 3.1 ± 0.5 3.3 ± 0.8 3.0 ± 0.7 0.259 

  Blood loss 24 hr (ml)* 740 ± 283 623 ± 249 683 ± 254 914 ± 264 <0.001 

Number of patients transfused with pRBC* 27 (27) 3 (9) 7 (21) 17 (51) <0.001 

pRBC transfusion (unit)* 0.4 ± 0.8 0.1 ± 0.3 0.4 ± 0.9 0.7 ± 0.9 0.003 

Number of patients transfused with FFP* 11 (12) 1 (3) 3 (9) 7 (21) 0.019 

FFP transfusion (unit)* 0.4 ± 1.1 0.1 ± 0.2 0.3 ± 0.8 0.7 ± 0.9 0.034 

Postoperative laboratory data      

  Hematocrit (%) 28 ± 2 28 ± 2 28 ± 2 28 ± 3 0.508 

Platelet count (103/mm2) 173 ± 43 176 ± 43 166 ± 40 176 ± 46 0.566 

  Prothrombin time (sec) 13.2 ± 1.1 13.2 ± 1.0 13.6 ± 1.1 13.0 ± 1.1 0.116 

  Activated partial thromboplastin time (sec) 34.9 ± 6.0 35.2 ± 6.5 35.1 ± 6.0 34.4 ± 5.5 0.828 

Values are number of patients (percentage) or mean  SD.   
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pRBC = packed red blood cells; FFP = fresh frozen plasma. p < 0.05.  

Changes in Troponin-T, and incidences of MACE and morbidity endpoints 

were all similar in relation to tertile distribution of % platelet inhibitory 

response to clopidogrel, except the length of postoperative hospitalization 

which was significantly longer in patients in the third tertile compared to those 

in the first and second tertile (Table 3). 

 

Table 3.  

Changes in Troponin-T Values and Postoperative Outcome in Relation to 

Tertile Distribution of % Platelet Inhibitory Responses to Clopidogrel 

 

 Total 

(n = 99) 

First tertile 

(15.0-43.4%) 

Second tertile 

(43.6-75.9%) 

Third tertile 

(76.5-100%) 

p Value 

Troponin-T (ng/ml)      

  Baseline 0.02 ± 0.10 0.02 ± 0.10 0.02 ± 0.05 0.03 ± 0.13 0.805 

  12 h postoperative 0.17 ± 0.46 0.13 ± 0.23 0.12 ± 0.13 0.27 ± 0.74 0.309 

  24 h postoperative 0.17 ± 0.46 0.09 ± 0.13 0.13 ± 0.20 0.28 ± 0.76 0.275 

  48 h postoperative 0.12 ± 0.23 0.11 ± 0.32 0.11 ± 0.14 0.14 ± 0.19 0.894 

Myocardial infarction  6 (6) 3 (9) 2 (6) 1 (3) 0.305 

Stroke 3 (3) 0 (0) 2 (6) 1 (3) 0.475 

Renal dysfunction 5 (5) 1 (3) 2 (6) 2 (6) 0.576 

Prolonged ventilation >48 h 1 (1) 1 (3) 0 (0) 0 (0) 0.221 

Deep sternal wound infection 2 (2) 1 (3) 1 (3) 0 (0) 0.705 

Length of stay in the ICU (days) 2.7 ± 0.7 2.6 ± 0.6 2.7 ± 0.6 2.8 ± 0.9 0.580 
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Postoperative hospitalization (days) 8.8 ± 1.9 8.2 ± 1.7 8.5 ± 1.9 9.6 ± 2.0 0.007 

Values are number of patients (percentage) or mean  SD.  p < 0.05.  

In comparisons between patients who were transfused or not (Table 4), 

discontinuation date of clopidogrel, number of grafts performed and % platelet 

inhibitory response to clopidogrel met the predefined criteria of p <0.2 and was 

further analyzed in the logistic regression analysis with the previously 

acknowledged risk factors for transfusion mentioned in the Methods section. 

 

Table 4.  

Baseline Characteristics and Operative Data According to Transfusion 

Requirement. 

 

 Not transfused (n = 72) Transfused (n = 29) p Value 

Age (yrs) 65 ± 7 66 ± 7 0.585 

Female gender 22 (31) 6 (22) 0.464 

Body surface area (㎡) 1.7 ± 0.1 1.7 ± 0.1 0.458 

Hypertension 48 (67) 16 (59) 0.491 

Diabetes mellitus 30 (42) 11 (41) 1.000 

Left ventricular ejection fraction (%) 62 ± 10 62 ± 9 0.682 

Left main disease 22 (31) 90 (33) 0.811 

clopidogrel stopped 1 day before surgery* 32 (44) 17 (63) 0.118 

Thromboelastography parameters    

  % inhibitory response to clopidogrel*† 52 ± 25 76 ± 19 < 0.001 

      First/ second/ third tertile 30 (42)/ 26 (36)/  3 (11)/ 7 (26)/  < 0.001 
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16 (22) 17 (63) 

  % inhibitory response to aspirin 69 ± 20 72 ± 19 0.602 

First/ second/ third tertile 25 (35)/ 24 (33)/ 23 (32) 8 (30)/ 9 (33)/ 10 

(37) 

0.582 

  Reaction time (min) 11.1 ± 3.0 11.6 ± 3.2 0.453 

  Clotting time (min) 3.9 ± 1.7 3.7 ± 1.9 0.570 

  α angle (˚) 44.7 ± 10.9 43.1 ± 9.1 0.496 

  Maximal amplitude (mm) 61.4 ± 5.9 61.8 ± 5.4 0.762 

Laboratory data    

Creatinine (mg/dL) 1.0 ± 0.2 1.0 ± 0.2 0.452 

  Hematocrit (%) 40 ± 3 40 ± 4 0.891 

Platelet count (103/mm2) 259 ± 60 253 ± 35 0.506 

  Prothrombin time (sec) 11.3 ± 0.7 11.5 ± 0.7 0.209 

  Activated partial thromboplastin time (sec) 32.2 ± 3.2 32.1 ± 3.3 0.262 

Operation time (min) 271 ± 49 267 ± 47 0.700 

Total graft reconstruction time (min) 33 ± 9 32 ± 11 0.769 

Number of grafts performed* 3.3 ± 0.7 3.6 ± 0.8 0.122 

Values are number of patients (percentage) or mean  SD.  

p < 0.2, these values were further analyzed in the logistic regression analysis ;  
†p < 0.05. 
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In univariate analysis of predictors for transfusion requirement, discontinuation 

date of clopidogrel, tertile distribution of % platelet inhibitory response and 

number of grafts performed had p <0.2. In multivariate analysis of these 

variables, only the % platelet inhibitory response to clopidogrel in the third 

tertile remained as an independent risk factor (Table 5). 
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Table 5.  

Predictive Power of Selected Variables for Postoperative Transfusion 

Requirement According to Logistic Regression Analysis. 

 

 Univariate analysis Multivariate analysis 

Predictors Odds Ratio (95% CI) p Value Odds Ratio (95% CI) p Value 

Age 1.02 (0.95-1.09) 0.581   

Female gender 1.54 (0.55-4.34) 0.414   

Preoperative hematocrit 1.01 (0.89-1.15) 0.890   

Left main disease 0.88 (0.34-2.26) 0.791   

Clopidogrel stopped on the day of surgery 0.47 (0.19-1.17) 0.104 0.62 (0.22-1.73) 0.363 

% platelet inhibitory response to aspirin     

   First tertile (13.2-65.4%)     

   Second tertile (66.1-77.9%) 1.17 (0.39-3.54) 0.778   

   Third tertile (78.5-100%) 1.36 (0.46-4.03) 0.581   

% platelet inhibitory response to clopidogrel     

   First tertile (15.0-43.4%)     

   Second tertile (43.6-75.9%) 2.69 (0.63-11.49) 0.181 3.11 (0.70-13.69) 0.134 

   Third tertile (76.5-100%) 10.63 (2.70-41.78) 0.001 11.44 (2.77-47.30) 0.001 

Number of grafts performed 1.61 (0.88-2.97) 0.124 2.08 (0.99-4.38) 0.053 

CI = confidence interval. 
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In the ROC curve analysis, % platelet inhibitory response to clopidogrel 

demonstrated an area under curve of 0.771 with a p value of <0.001 and a 95% 

confidence interval of 0.674 to 0.868.The optimal cut-off value for 

postoperative transfusion requirement was 70% platelet inhibitory response to 

clopidogrel with sensitivity and specificity of 78% and 75%, respectively (Fig 

1).  
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Figure 1. Combined Receiver Operating Characteristics Curves of % Platelet 

Inhibitory Responses to Aspirin and Clopidogrel for Postoperative Transfusion 

Requirement  

Areas of 0.771 and 0.539 with p values of <0.001 and 0.553 were observed below the 
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lines of % platelet inhibitory responses to clopidogrel and aspirin, respectively. Asp = 

aspirin; Clop = clopidogrel. 

 

IV. DISCUSSION 

This prospective, observational study demonstrates that patients with recent 

exposure to dual antiplatelet therapy who exhibited increased % platelet 

inhibitory response to clopidogrel, constituting the third tertile, were associated 

with significantly increased postoperative blood loss and subsequent 

transfusion requirement following elective multivessel OPCAB. Moreover, 

only the tertile distribution of % platelet inhibitory response to clopidogrel 

remained as an independent risk factor for transfusion requirement, irrespective 

of the discontinuation date of antiplatelet therapy. 

As the current practice guidelines for patients with coronary artery disease 

implicate, dual antiplatelet therapy with aspirin and clopidogrel is clearly 

associated with significant reduction of ischemic events1,2 . With their 

increased clinical application, however, concerns for potential hemorrhagic 
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complications arising from the use of these agents in proximity to CABG have 

become a major issue. In deed, numerous studies have reported increased 

periprocedural blood loss and the need for transfusion, hemostatic re-

exploration, and resource utilization following CABG in patients with recent 

exposure to clopidogrel18-20 . 

At the same time, it has also become well established that the platelet 

inhibitory response to clopidogrel varies substantially between individuals 

despite a significant clinical benefit of improving outcome10,11 . Prospective 

studies using various platelet function monitoring methods have demonstrated 

the association of lack of pharmacodynamic effect to clopidogrel and ischemic 

events following PCI, which also appears to have a dose-response 

relationship12-14 . These observations argue against the current uniform 

approach of drug cessation for ≥5, preferably 7 days to patients exposed to 

clopidogrel who require surgery. Platelet function assay in this context may 

provide an objective guideline for decision of surgical timing and allow 
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elimination of unnecessary delay in surgery while maximizing ischemic benefit. 

Yet, no comprehensive data exist regarding the role of platelet function assay 

on identifying patients at risk of increased postoperative bleeding and 

transfusion requirement in patients undergoing CABG.  

By avoiding CPB, OPCAB has been demonstrated to be a significant factor 

associated with reduced transfusion requirement regardless of recent 

clopidogrel exposure and has been proposed as an alternative surgical 

technique to reduce hemorrhagic complications in this subset of patients 

requiring surgical revascularization6,7,9 . Therefore, OPCAB provides an 

excellent model to assess the clinical utility of platelet function assay when 

assessing postoperative blood loss and transfusion requirement, for it is devoid 

of a major confounding variable on the coagulation system, CPB21,22 .  

As the results of this current study indicate, patients in the third tertile of % 

platelet inhibitory response to clopidogrel had significantly greater amount of 

postoperative blood loss compared to those of the first and second tertile. 
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Consequently significantly more number of patients in the third tertile of % 

platelet inhibitory response to clopidogrel required transfusion of pRBC and 

FFP, and longer length of postoperative hospitalization. Furthermore, patients 

in the third tertile of % platelet inhibitory response to clopidogrel were at 11-

fold increased risk of requiring transfusion of allogenic blood product. Blood 

transfusion in cardiac surgery has been clearly demonstrated to be associated 

with increased length of hospital stay, in-hospital mortality as well as long-

term mortality, especially following CABG23,24 . In the current trial, the 

proximity of clopidogrel therapy before OPCAB was not associated with the % 

platelet inhibitory response. Accordingly, in contrast to the results of previous 

studies assessing the relationship between clopidogrel exposure and 

postoperative blood loss without using platelet function assay6,18-20 , 

discontinuation date of clopidogrel was not associated increased blood loss or 

transfusion requirement. Although a different method of platelet function assay 

(light transmittance aggregometry) was used in a limited number of patients  

 
29



undergoing CABG with an emphasis on the importance of strict transfusion 

algorithm, similar results had been observed in a previous study, in which 

patients with clopidogrel-induced platelet inhibition ≥60% had significantly 

higher transfusion requirement25 . The result that % platelet inhibitory response 

to aspirin was not associated with increased blood loss or transfusion 

requirement is also in accordance with the results of a previous study of 12023 

patients, in which continuous aspirin therapy had no influence on bleeding 

complications following either isolated on-pump, off-pump or redo CABG26 .  

Among the platelet function assays used in clinical practice, TEG platelet 

mapping assay is a modification of the original TEG assay which already has a 

well established role in hepatobiliary and cardiac surgeries to guide clinical 

management of bleeding and hemostasis27 . It enables a quantitative analysis of 

platelet function and although manual pipetting of reagents and blood sample 

is required, it has been demonstrated to be reliable with low analytical 

variation28 . Clinically, it has also been demonstrated to be able to discriminate 
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between patients with and without subsequent ischemic events after PCI13 . In 

that study, % platelet inhibitory response <30% provided a positive predictive 

value of 73% and negative predictive value of 91% for the combined ischemic 

outcome. In the current study, TEG platelet mapping assay could also provide a 

cut-off value of % platelet inhibitory response to clopidogrel for transfusion 

requirement following OPCAB by ROC curve analysis, which was 70% with a 

sensitivity and specificity of 78% and 75%, respectively. We used tertile 

distribution, because individual response to clopidogrel is multifactorial and 

should be considered as a continuum. The cut-off value provided by the ROC 

curve analysis for transfusion requirement approximately coincides with the 

range of % platelet inhibitory response to clopidogrel of patients in the third 

tertile. As patients in the third tertile exhibited significantly increased amount 

of postoperative blood loss and subsequent transfusion requirement as well as 

longer length of postoperative hospitalization, TEG platelet mapping assay 

may provide clinically useful information concerning the timing of surgery.  
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Bleeding and subsequent transfusion requirement following CABG is 

multifactorial, with potential risk factors including age, female gender, chronic 

renal failure, hemodialysis, poor left ventricular ejection fraction, left main 

disease, and preoperative hematocrit value9 . In a recent study involving 4794 

CABG patients, clopidogrel administration within 5 days before CABG was 

not significantly associated with bleeding complications29 . Instead, the 

strongest factor associated with transfusion was which surgeon performed the 

operation. Thus, in order to validate the association of platelet inhibitory 

response to clopidogrel assessed by a platelet function assay with postoperative 

bleeding and transfusion requirement, confounding variables should be as 

much controlled as possible, as in this current trial. This in turn, however, 

invariably confronts generalization of the observed results which is a limitation 

of this study. 
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IV. CONCLUSION  

Regardless of the proximity of clopidogrel exposure, patients exhibiting % 

platelet inhibitory response to clopidogrel <70% may safely undergo OPCAB 

without increased risk of transfusion requirement. Clinicians are confronted 

with complex decisions regarding the use of dual antiplatelet therapy and 

cessation before surgical revascularization. Based on our results, TEG platelet 

mapping assay might be useful in providing an objective guide to decide the 

timing of OPCAB in patients who are in need for continued antiplatelet 

therapy without forfeiting the clinical benefit concerning the ichemic 

complications. 
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< ABSTRACT(IN KOREAN)> 

Clopidogrel 반응도를 이용한 무체외순환 관상동맥 우회술 후 

출혈량과 수혈량의 예측 

 

<지도교수 심재광> 

 

연세대학교 대학원 의학과 

 

송영 

 

서론: Clopidogrel의 수술 전 투약중단 시기보다 개인간 

clopidogrel에 대한 반응도가 출혈량과 수혈량에 더 많은 영향

을 미칠 수 있다. 이 연구에서는 변형된 혈전탄성묘사검사로 

측정한 clopidogrel에 의한 혈소판 억제의 정도가 무체외순환 

관상동맥 우회술 후의 출혈량 및 수혈량과 갖는 연관성에 대하

여 알아보고자 하였다.  
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재료 및 방법: 무체외순환 관상동맥 우회술 5일 이내까지 

clopidogrel을 복용한 100명의 환자를 대상으로 하였다. 일차 

평가 항목은 clopidogrel에 의한 혈소판 억제 정도를 삼분위로 

나누어 군간 각각의 수술후 출혈량 및 수혈량을 비교하는 것이

었다.  

결과: 3삼분위 군 환자의 출혈량은 914 ± 264 ml 로  1삼분위 

군(623 ± 249 ml) 및 2삼분위 군(683 ± 254 ml)과 통계적으로 

유의한 차이를 보였다.(p = 0.001) 또한 3삼분위 군에서 

통계적으로 유의하게 더 많은 수의 환자가 수혈을 받았고 더 

많은 단위의 혈액 제재가 수혈되었다. 다변량 분석에 의하면, 

3삼분위 군에서 수혈 요구량이 11배로 높았다.(교차비= 11.44, 

95% 신뢰구간 = 2.77-47.30, p = 0.001) 수신자 조작 특성 

곡선을 통한 분석에 의하면 수혈을 예측하는 clopidogrel에 

의한 혈소판 억제 정도의 적절한 분리값은 70%였다.(곡선하 

면적=0.771; 95% 신뢰구간 =0.674 - 0.868, p <0.001) 
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결론: 수술 전 투약중단의 시기와 상관없이, clopidogrel에 대

한 70% 미만의 혈소판 억제 반응을 보이는 환자들은 수혈 가

능성을 증가시키지 않고 무체외순환 관상동맥 우회술을  안전

하게 받을 수 있을 것으로 여겨진다. 혈전탄성묘사검사는 항혈

소판 제재의 투약을 유지해야 하는 환자에서 관상동맥 우회술 

시행의 시기를 결정함에 있어 객관적인 정보를 제공하는 유용

한 지표가 될 것이다. 

 

 

 

 

 

----------------------------------------------- 

핵심되는 말 : clopidogrel 반응도, 무체외순환 관상동맥 우회술, 

수술후 출혈량 및 수혈량 
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