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he use of platelet aggregation inhibitors, including
aspirin, glycoprotein IIb/IIIa inhibitors and clopido-
grel, has become a standard management strategy

for patients with acute coronary syndrome. In a recent pro-
spective randomized controlled study, clopidogrel signifi-
cantly reduced the risk of cardiovascular death, myocardial
infarction, stroke and other related ischemic events in pa-
tients with acute coronary syndrome. Clopidogrel demon-
strated benefits incremental to and independent of other
therapies, including anticoagulants, angiotensin-converting
enzyme inhibitors,β-blockers and lipid-lowering agents.1
These findings indicate that all patients with acute coronary
syndrome should benefit from the favorable effects of
clopidogrel, without exception and without delay, if possi-
ble during the prehospitalization period.

Clopidogrel treatment may also be beneficial for patients

who have not had the opportunity to undergo coronary
angiography with subsequent percutaneous coronary inter-
vention (PCI) and who are dependent on thrombolytic
therapy, as well as those who require urgent surgical re-
vascularization. Some of these patients will subsequently
require urgent or emergent surgical revascularization. Due
to the enhanced and irreversible platelet inhibition produced
by clopidogrel, which is frequently present in patients
requiring coronary artery bypass graft (CABG) surgery, the
use of this agent has become a concern.2,3 Patients exposed
to clopidogrel have been reported to experience markedly
increased postoperative bleeding and transfusion require-
ments, in addition to a nearly 10-fold increase in reexplora-
tion rates after CABG surgery, thus raising the question of
the appropriate timing of the cessation of clopidogrel before
CABG surgery.2–4

Bleeding after CABG may be due to inadequate surgical
hemostasis, coagulation and/or platelet abnormalities.5 Ex-
posure to cardiopulmonary bypass (CPB) causes dilutional
thrombocytopenia, coagulopathy, shear-induced platelet
dysfunction, a systemic inflammatory response and activa-
tion of plasminogen, and the safety and efficacy of off-
pump CABG (OPCAB) have been confirmed.6–15 By elimi-
nating the deleterious effects of CPB, OPCAB surgery has
been found to result in a 2-fold reduction in postoperative
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Background Clopidogrel has become standard treatment after urgent percutaneous coronary revascularization.
Due to its enhanced and irreversible platelet inhibition, patients undergoing urgent surgical revascularization
have a higher risk of bleeding complications and transfusions. Therefore, the effect of preoperative continuous
administration of clopidogrel on the incidence of hemorrhagic complications in patients undergoing off-pump
coronary artery bypass surgery with acute coronary syndrome was evaluated.
Methods and Results From March 2004 to September 2006, 172 patients with acute coronary syndrome
underwent isolated off-pump coronary artery bypass surgery; 70 (40.7%) and 102 (59.3%) of these patients did or
did not take clopidogrel before surgery respectively. Seventy patients in each group were matched using propen-
sity scores and associations between preoperative continuous administration of clopidogrel and postoperative
bleeding, hemostatic reoperation, blood products received, the need for multiple transfusions and early graft pat-
ency by coronary computed tomography were assessed. Univariate analysis showed the continuous clopidogrel
group had similar levels of postoperative bleeding for 24h (601.4±312.6ml vs 637.2±452.4ml, p=0.616) and
rates of reexploration (1.4% vs 1.4%), perioperative blood transfusion (33.3% vs 34.3%, p>0.05) and platelet
transfusion (2.9% vs 7.1%, p=0.44) compared with the non-continuous group.
Conclusions Preoperative continuous administration of clopidogrel did not increase the risk of hemorrhagic
complications in patients with acute coronary syndrome undergoing isolated off-pump coronary artery bypass
surgery. These findings indicate that surgery after clopidogrel treatment in patients with acute coronary
syndrome should not be delayed until platelet function returns to normal because they may have a higher risk of
recurrent myocardial ischemic events. (Circ J 2008; 72: 626–632)
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bleeding, lower surgical reexploration rates and a 25%
decrease in transfusion requirements.16,17 Clopidogrel, how-
ever, may reduce these advantages of OPCAB surgery by
increasing perioperative hemorrhagic complications. Our
colleagues recently reported favorable outcomes of the con-
tinuous use of clopidogrel in patients undergoing elective
surgery for isolated OPCAB, but that study excluded
patients with acute coronary syndrome.18 Consequently, the
present study was conducted to ascertain the effect of pre-
operative continuous administration of clopidogrel and
aspirin on the incidence of reexploration as a result of hem-
orrhage, perioperative transfusion requirements, morbidity
and mortality in patients undergoing OPCAB, especially
due to acute coronary syndrome.

Methods
We searched the cardiac surgery research database at our

institution for all patients who underwent isolated OPCAB
surgery due to acute coronary syndrome between March
2004 and September 2006. Acute coronary syndrome in-
cluded the diagnosis of unstable angina or recent myocardial
infarction. Patients who underwent mini-lateral thoraco-
tomy, surgical ventricular restoration and other concomitant
surgical procedures were excluded, as were patients with
recent preoperative exposure to coumadin, platelet glyco-
protein inhibitors or thrombolytics. The search identified a
total of 172 consecutive eligible patients with acute coro-
nary syndrome, all of whom had been treated by a single
experienced OPCAB surgeon (KJY). Preoperative patient
characteristics and perioperative outcomes had been col-
lected prospectively during hospitalization and entered into
the cardiac surgery research database as part of routine
clinical practice. The present study was approved by the
Institutional Review Board of Medical College of Yonsei
University, which waived the requirement for individual
patient consent.

In our center, all patients with unstable angina or recent
myocardial infarction receive an oral loading dose of
600mg clopidogrel and 500mg aspirin before diagnostic or
therapeutic coronary angiography. They are maintained on a
daily oral regimen of 75mg clopidogrel and 100mg aspirin
independent of emergent or non-emergent cases. Patients
who continued taking 2 antiplatelet agents until immediate-
ly before surgery were classified as the continuous group,
whereas patients whose surgery was postponed at least 3
days (mean: 4.3±1.2; median: 4; range: 3–7 days) after dis-
continuing clopidogrel were classified as the non-continuous
group. All patients in both groups continued taking aspirin
before surgery. In our institute, OPCAB was performed as
soon as possible, especially for patients with unstable angina
or recent myocardial infarction. Intraoperative heparin anti-
coagulation was used in both groups, at an initial dose of
1mg/kg, with additional dosing administered during the pro-
cedure to maintain a target activated clotting time of more
than 350s. At the end of surgery, half heparin reversal with
protamine was performed. In almost all patients, clopidogrel
and aspirin were resumed 6h after surgery. A history of
gastrointestinal bleeding disorders or peptic ulcer disease
was considered an absolute contraindication to immediate
postoperative clopidogrel administration. Similarly, those
patients with chest tube output greater than 100ml/h were
not considered for immediate postoperative clopidogrel
administration. Patients considered at high risk for recurrent
ischemic events, according to the attending surgeon’s assess-

ment, received postoperative heparin. Factors that led sur-
geons to prescribe postoperative heparin included techni-
cally difficult anastomosis, very small (<1.0mm) or calci-
fied distal target vessels, severe diffuse atherosclerosis, a
history of peripheral or cerebrovascular disease, a history
of percutaneous coronary revascularization and diabetes
mellitus. However, there were no standardized criteria and
the decision to prescribe postoperative heparin was ultimate-
ly made according to the surgeon’s perception of risk.

Operative Techniques
All patients underwent general endotracheal anesthesia

with continuous Swan-Ganz catheter monitoring, transeso-
phageal echocardiography and arterial pressure monitoring.
Off-pump coronary artery bypass surgery was performed
through a full sternotomy incision with skeletonized har-
vesting of the left internal thoracic artery. The radial artery
was harvested from the non-dominant forearm using a
Harmonic scalpel (Ethicon Endosurgery Inc, Cincinnati,
OH, USA). The right internal thoracic artery, saphenous
vein and/or right gastroepiploic artery were also harvested
if necessary. The target arteries were stabilized using an
Octopus tissue stabilizer (Medtronic, Minneapolis, MN,
USA). In most instances, the left internal thoracic artery
was first anastomosed to the left anterior descending artery
using intra-coronary shunts. A proximal silastic snare was
used to anastomose other coronary arteries. Blood was re-
moved from the sites of arteriotomy using a misted CO2

blower and irrigation with warm saline.

Hemorrhagic Outcomes
The primary end point was the need for reexploration as

a result of bleeding, exclusive of any other cardiac or non-
cardiac cause. Reexploration due to hemorrhage was in-
dicated when chest tube drainage exceeded 500ml in the
first hour, 400ml/h in the first 2h, 300ml/h in the first 3h or
200ml/h in the first 4h or in the case of cardiac tamponade.
Ultimately, the decision for hemorrhagic reexploration was
made by the surgeons, who used a uniform clinical practice.
In cases of increased intraoperative bleeding, steps taken 
to achieve hemostasis included examination for surgical
causes of bleeding; administration of protamine for adequ-
ate heparin reversal to normalize activated clotting time; and
transfusion with packed red blood cells (pRBC). Aprotinin,
aminocaproic acid and other hemostatic agents were not
routinely used. A cell saver was used to process salvaged
blood, and blood collection by cardiotomy suction contin-
ued until closure of the sternal wound. Intra- and post-
operative transfusion rates and quantities were recorded for
principal blood products, including pRBCs, platelets and
fresh frozen plasma (FFP). The volume of blood captured
and reinfused intraoperatively by a cell salvage device was
not evaluated, but intraoperative blood loss was. Allogenic
pRBC were transfused when the hematocrit level was less
than 25% for patients 65 years of age or older, and when
the hematocrit level was less than 21% for patients younger
than 65 years of age throughout the present study period.
FFP was transfused when the postoperative international
normalized ratio was greater than 1.5 with excessive bleed-
ing greater than 200ml/h for 2 consecutive hours. The crite-
ria for transfusion of platelets were postoperative platelet
count less than 50,000 /mm3 with excessive bleeding greater
than 200ml/h for 2 consecutive hours. Additional blood
product transfusions were at the discretion of the surgeon,
anesthesiologist or intensivist.
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Statistical Analysis
Data were computerized and analyzed using SPSS for

Windows, version 12.0 (SPSS, Inc, Chicago, IL, USA).
Categorical variables were compared using the chi-squared
test or Fisher’s Exact Test, and continuous variables were
compared using Student’s t-test or the Mann-Whitney U
test, where appropriate. Continuous variables were dichoto-
mized using the median or extreme values over the normal
range as the cut-off value. A value of p≤0.05 by univariate
analysis was chosen as the criterion for submitting varia-
bles to the model. Goodness of fit was assessed using the
Hosmer and Lemeshow chi-squared test. The relative risk,
defined as the ratio of incidence of exposed to non-exposed
subjects, was used to summarize the strength of the associ-
ation between risk factors and reexploration for bleeding;
the 95%confidence intervals of relative risk were calculated
using Miettinen’s test-based approach. Unless otherwise
stated, results are expressed as mean± standard deviation
(SD) for continuous variables and as percent for categorical
variables. Patients in the continuous and non-continuous
groups were matched by closest propensity score.

Results
Patient Characteristics and Perioperative Outcomes

Of the 172 patients who underwent isolated OPCAB 
for acute coronary syndrome, 70 (40.7%) took continuous
clopidogrel preoperatively, whereas 102 (59.3%) did not.
Of those, sixteen patients required emergent OPCAB just

after diagnostic coronary angiography. Because the group
of patients who took clopidogrel continuously contained
lower percentages of women and patients with triple vessel
disease, we used propensity matching scores, matching 70
patients in each group. Demographics and preoperative
characteristics, both unadjusted and adjusted for propensity
score analysis, are shown in Table1. After adjustment for
propensity score, there were no significant between-group
differences in baseline characteristics, indicating that the
propensity model had successfully removed the imbalance
in the distribution of a number of risk factors. Unadjusted
and adjusted perioperative outcomes are shown in Tables2,
3,4 and 5. Postoperative rates of myocardial infarction,
intraaortic balloon pump insertion, coronary spasm, respira-
tory failure, renal failure and need for hemodialysis, deep
sternal infection, need for prolonged ventilation, intensive
care unit length of stay and operative mortality did not differ
significantly between the 2 groups. The immediate postop-
erative graft patency rate also did not differ significantly
between the 2 groups. Mean operation time, however, was
significantly longer for the continuous group (260.3±
51.2min vs 231.9±48.5min, p=0.004).

Hemorrhage-Related Reexploration
We found that the reexploration rate as a result of bleed-

ing was identical in the continuous and non-continuous
groups (1.4% vs 1.4%, p=1.00) (Table4). A separate analy-
sis of all patients who received clopidogrel by number of
distal anastomoses also showed no significant variations in

Table 1 Patient Demographic and Preoperative Characteristics, Unadjusted and Adjusted for Propensity Score Matching

Unadjusted Adjusted

Continuous Non-continuous
p value

Continuous Non-continuous
p value

(n=70) (n=102) (n=70) (n=70)

Age (years) 63.5±9.6  63.4±9.6  0.948 63.5±9.6  63.8±9.1  0.864
Female 17 (24.3) 43 (42.2) 0.016 17 (24.3) 20 (28.6) 0.702
3-vessel disease 54 (77.1) 90 (88.2) 0.061 54 (77.1) 59 (84.3) 0.392
Left main disease 22 (31.4) 38 (37.3) 0.515 22 (31.4) 21 (30.0) 1.000
Recent MI 22 (31.4) 37 (36.3) 0.519 22 (31.4) 22 (31.4) 1.000
s/p PTCA 16 (22.9) 20 (19.6) 0.703 16 (22.9) 18 (25.7) 0.844
Diabetes mellitus 34 (48.6) 53 (52.0) 0.756 34 (48.6) 42 (60.0) 0.235
Hypertension 41 (58.6) 71 (69.6) 0.146 41 (58.6) 44 (62.9) 0.729
Chronic renal failure 6 (8.6) 7 (6.9) 0.772 6 (8.6)   7 (10.0) 1.000
CVA 6 (8.6) 9 (8.8) 1.000 6 (8.6)   8 (11.4) 0.799
PAOD 16 (22.9) 19 (18.6) 0.565 16 (22.9) 15 (21.4) 1.000
LVEF (%) 51.4±16.5 54.6±14.2 0.271 51.4±16.5 52.7±14.7 0.634
BSA 1.73±0.13 1.71±0.20 0.678 1.73±0.13 1.73±0.19 0.938

Values are either mean±SD or number of patients (percentage).
MI, myocardial infarction; PTCA, percutaneous transluminal coronary angioplasty; CVA, cerebrovascular accident; PAOD, peripheral arterial obstructive 
disease; LVEF, left ventricular ejection fraction; BSA, body surface area.

Table 2 Operative and Postoperative Data, Unadjusted and Adjusted for Propensity Score Matching

Unadjusted Adjusted

Continuous Non-continuous
p value

Continuous Non-continuous
p value

(n=70) (n=102) (n=70) (n=70)

Operation time (min) 260.3±51.2  229.7±54.4  0.002 260.3±51.2  231.9±48.5  0.004
Distal anastomosis (number) 3.1±0.7 3.3±0.8 0.265 3.1±0.7 3.2±0.7 0.653
MV (h) 15.0±10.7 13.7±6.7  0.305 15.0±10.7 14.2±7.1  0.600
ICU stay (h) 53.0±19.6 51.2±22.9 0.603 53.0±19.6 52.8±25.9 0.955
Intraoperative blood loss (ml) 303.3±149.5    265±135.3 0.754 303.3±149.5 273.8±138.6 0.842
Postoperative blood loss (ml) 601.4±312.6 627.0±426.4 0.693 601.4±312.6 637.2±452.4 0.616
Chest tube drain (days) 4.0±2.5 3.8±1.8 0.621 4.0±2.5 3.9±1.8 0.784

Values are mean±SD.
MV, mechanical ventilation; ICU, intensive care unit; Postoperative bleeding, for the first 24 h postoperatively.
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the incidence of hemostatic reexploration (p=0.65, data not
shown here).

Allogenic Blood Transfusion
Univariate analysis disclosed that the continuous and

non-continuous groups showed similar postoperative blood
loss, and similar rates of perioperative blood transfusions
(33.3% vs 34.3%, p=1.000) and perioperative platelet trans-
fusions (2.9% vs 7.1%, p=0.441; Table4). Changes in hemo-
globin and platelet counts in both groups are shown in Fig1.
There was a significant between-group difference in hemo-
globin on the first day after OPCAB surgery (8.8 vs 9.1g/dl,
p=0.046). However, there was no significant difference in
hematocrit level on the first day after OPCAB (25.5 vs
26.3%, p=0.079). There were significant between-group dif-
ferences in platelet count on the first and second days after
OPCAB surgery (p=0.004). For 16 patients who required
emergent surgery, dosages of preoperative clopidogrel and
aspirin were same with non-emergent OPCAB. Postopera-
tive blood loss for 24h was 446.4±206.3ml and 634.5±
396.4ml (p=0.083), and blood transfusions were needed in

8 (50%) and 155 patients (31.6%) (p=0.166) for emergent
and non-emergent OPCAB patients, respectively.

Operative Mortality
The operative mortality rate did not differ significantly

between the 2 groups (1.4% vs 0%, p=0.41).

Discussion
The clinical applicability of clopidogrel is expanding. For

example, the CAPRIE trial –a large, randomized, double-
blind, multicenter study involving 19,185 subjects–showed
that prophylactic clopidogrel therapy was associated with an
almost 9% decrease in the relative risk of myocardial in-
farction, ischemic stroke or vascular death.19,20 Similarly, the
CURE trial, a randomized, double-blind, placebo-controlled
study in 12,562 patients presenting within 24h of the onset
of acute coronary symptoms, found that administration of
300mg clopidogrel in addition to aspirin was associated
with a 20% reduction in cardiovascular mortality, myocar-
dial infarction and cerebrovascular accidents.20–22 Clopido-

Table 3 Postoperative Complications and Operative Mortality, Unadjusted and Adjusted for Propensity Score Matching

Unadjusted Adjusted

Continuous Non-continuous
p value

Continuous Non-continuous
p value

(n=70) (n=102) (n=70) (n=70)

Perioperative MI 1 (1.4) 1 (1.0) 1.00 1 (1.4) 1 (1.4) 1.00
IABP insertion 0 (0)   0 (0)   1.00 0 (0)   0 (0)   1.00
Coronary spasm 1 (1.4) 0 (0)   0.41 1 (1.4) 0 (0)   0.41
Respiratory failure 1 (1.4) 0 (0)   0.41 1 (1.4) 0 (0)   0.41
Pneumonia 0 (0)   2 (2.0) 0.39 0 (0)   1 (1.0) 0.41
Renal failure 0 (0)   1 (1.0) 0.41 0 (0)   1 (1.0) 0.41
Hepatic failure 0 (0)   1 (1.0) 0.41 0 (0)   1 (1.0) 0.41
Mediastinitis 1 (1.4) 0 (0)   0.41 1 (1.4) 0 (0)   0.41
Operative mortality 1 (1.4) 0 (0)   0.41 1 (1.4) 0 (0)   0.41

Values are either mean±SD or number of patients (%).
IABP, intraaortic balloon pump. Other abbreviation see in Table 1.

Table 4 Postoperative Bleeding Complications and Transfusion, Unadjusted and Adjusted for Propensity Score Matching

Unadjusted Adjusted

Continuous Non-continuous
p value

Continuous Non-continuous
p value

(n=70) (n=102) (n=70) (n=70)

Bleeding complications 1 (1.4) 3 (3.0) 1.00  1 (1.4) 2 (2.9) 1.00  
Reexploration 1 (1.4) 1 (1.0) 0.95  1 (1.4) 1 (1.4) 1.00  
UGI bleeding 0 (0)   1 (1.0) 1.00  0 (0)   1 (1.4) 0.65  
Prolonged drainage 1 (1.4) 1 (1.0) 0.95  1 (1.4) 1 (1.4) 1.00  
Hemothorax 0 (0)   1 (1.0) 1.00  0 (0)   1 (1.4) 0.65  
Blood transfusion 23 (33.3) 34 (33.3) 1.00  23 (33.3) 24 (34.3) 1.00  
pRBC transfusion (U) 0.4±0.3 0.5±0.5 0.513 0.4±0.3 0.5±0.4 0.624
Platelet transfusion 2 (2.9) 6 (5.9) 0.48  2 (2.9) 5 (7.1) 0.44  

Values are either mean±SD or number of patients (%).
UGI, upper gastro-intestinal tract; pRBC, packed red blood cell; U, unit.

Continuous (n=70) Non-continuous (n=102) p value

Multi-slice CT evaluationa 54 (77.1) 88 (86.3) 0.88
Patent graft (%)b 167/168 (99.4) 287/290 (99.0) 0.92

Table 5 Graft Patency by Multi-Slice CT

Values are either mean±SD or number of patients (%).
aMulti-slice computed tomography (CT) was evaluated in 54 patients (77.1%) in continuous group and 88 patients (86.3%) in non-
continuous group at the 7th postoperative day.
bThe 167 grafts (99.4%) were patent in continuous group and 287 grafts (99.0%) were patent in non-continuous group at the 7th 
postoperative day.
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grel and aspirin acted synergistically, in that clopidogrel
inhibits adenosine 5’-diphosphate-induced platelet aggrega-
tion, whereas aspirin inhibits cyclooxygenase and reduces
thromboxane A2. These findings indicate that all patients
with an acute coronary syndrome should benefit from the
favorable effects of clopidogrel, without exception and
without delay, if possible during the prehospitalization
period.1

The Clopidogrel for the Reduction of Events During
Observation (CREDO) trial evaluated the safety and effi-
cacy of clopidogrel, with or without a loading dose, when
given in conjunction with aspirin before PCI. Patients re-
ceiving clopidogrel 6h before intervention exhibited a 35%
reduction in mortality, myocardial infarction and urgent
target-vessel revascularization.23

Therefore, as the indications for clopidogrel use expand,
an increasing percentage of patients presenting for surgical
coronary revascularization do so subject to irreversible
platelet inhibition.

Several studies have reported an increased incidence of
postoperative bleeding with clopidogrel, along with associ-
ated transfusion requirements and the need for surgical re-
exploration.2–4 For example, patients receiving clopidogrel
before CABG were found to be almost 6 times more likely
to require surgical reexploration to control hemorrhage and
had a 20% increase in pRBC transfusion requirements.3
Similarly, a more recent cohort study involving 59 patients
receiving clopidogrel within 7 days of CABG found that
this drug was associated with increases in reoperation due to
hemorrhage (6.8% vs 0.6%), increased chest tube drainage
(817±761 vs 501±427ml) and average amounts of trans-
fused pRBC (2.6 vs 1.6 units), platelets (0.9 vs 0.2 units)
and FFP (0.8 vs 0.3 units).2 In contrast to many previous re-
ports, we recently found that preoperative clopidogrel and
aspirin exposure did not increase perioperative blood loss

and blood transfusion requirements in patients undergoing
elective OPCAB.18 Almost all cardiac surgeons may be con-
cerned about clopidogrel-induced hemorrhagic complica-
tions, especially in patients who need urgent or emergency
surgery due to acute coronary syndrome. One study found
that, in patients with acute coronary syndrome necessitating
urgent surgical revascularization, failure to stop clopidogrel
at least 7 days before surgery resulted in unacceptable rates
of transfusion and reexploration for bleeding, regardless of
whether on- or off-pump surgery was used.24 In the present
study, however, we observed that patients in this particular
subgroup (ie, those with acute coronary syndrome who were
continuously exposed to clopidogrel and subsequently
underwent OPCAB surgery) did not have higher risks of
operative mortality, reexploration to control hemorrhage,
and transfusions of blood products. In addition, sixteen pa-
tients who required emergent OPCAB did not have higher
risks of more bleeding and transfusions. Thus, we con-
cluded that preoperative clopidogrel administration did not
predict reexploration due to hemorrhage or blood product
transfusion.

To our knowledge, this report is the first to show that con-
tinuous preoperative clopidogrel did not have a deleterious
effect on postoperative blood loss, blood product transfu-
sions and reexploration after OPCAB surgery in patients
with acute coronary syndrome. These findings have impor-
tant clinical implications. One of the principal benefits of
OPCAB surgery is its lower rate of hemorrhagic sequelae,
and it now appears that preoperative clopidogrel administra-
tion does not ameliorate the beneficial effects of eliminating
CPB.16,17 Therefore, OPCAB surgery may preclude the
potential hemorrhagic complications created by clopidogrel
administration, even for patients with acute coronary syn-
drome.

In addition, continuous administration of clopidogrel dur-

Fig1. (A) Perioperative change in hemoglobin. There was a significant between-group difference in hemoglobin on the
first day after off-pump coronary artery bypass graft (OPCAB) surgery. (B) Perioperative change in platelet count. There
were significant between-group differences in platelet count on the first and second days after OPCAB surgery
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ing the preoperative period and immediately after OPCAB
surgery might be of benefit by preserving graft patency. Al-
though no studies have been performed using clopidogrel,
the effects of the other thienopyridine, ticlopidine, on aorto-
coronary bypass graft patency have been examined in a
randomized double-blind study.25 When begun at least 2
days after CABG surgery, ticlopidine improved both im-
mediate and 1-year graft patency. In the present study,
multi-slice computed tomography on the seventh postoper-
ative day showed excellent patency rate in both groups
(Table5). Therefore, due to its improved safety profile and
comparable efficacy, many institutions, including ours, use
clopidogrel immediately after OPCAB to prevent graft oc-
clusion in high-risk patients. Because of the limited number
of index events, a sample size larger than those from a sin-
gle institution is required for clinically meaningful conclu-
sions.

The efficacy of clopidogrel in clinical practice has
reached a point where avoiding clopidogrel exposure is not
possible. Surgeons regard patients who continuously ex-
posed to clopidogrel preoperatively as having an increased
bleeding tendency when they open the sternum from skin
to bone marrow or periosteum. Then, how can we get a
better outcome for these patients? Intraoperative bleeding
may be reduced by meticulously controlling fatty tissue and
sternal bone bleeding from the beginning of the surgery.
Our results showed that operation time was about 30min
longer in patients continuously exposed to clopidogrel. We
think that this 30min are essential to reduce hemorrhagic
complications after OPCAB surgery. More delicate anasto-
motic techniques and more meticulous hemostasis may
decrease hemorrhagic complications and improve immedi-
ate and long-term surgical outcomes.

Study Limitations
Limitations of the present study include all those inher-

ent in any retrospective single-institution analysis. All data
elements, however, were prospectively entered into a
cardiac surgery research database according to prespecified
definitions, and data analysis was performed using appro-
priately risk-adjusted statistical models to adjust for differ-
ences in preoperative risk factors. Regrettably, the patient
sample size was not large enough to reflect statistically
significant differences in mortality, and hence the effect of
clopidogrel on operative mortality cannot be stated conclu-
sively. In addition, because our surgical strategies include
the performance of coronary artery bypass surgery as soon
as possible in patients with acute coronary symptoms, the
duration of clopidogrel discontinuation in the Non-continu-
ous group was much shorter than that in other reports. Final-
ly, we did not assess resistance to aspirin or clopidogrel and
perioperative platelet function.

Conclusions
We have shown here that preoperative continuous ad-

ministration of clopidogrel and aspirin did not increase the
risk of hemostatic reoperation and the requirements for
blood product transfusions during and after OPCAB surgery
in patients with acute coronary syndrome. These findings
indicate that urgent or emergency surgery after clopidogrel
treatment should not be delayed until platelet function
returns because these patients may be exposed to the risk of
recurrent myocardial ischemic events.
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