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Inhibition of Platelet Aggregation by Combined
Therapy with Aspirin and Cilostazol after Off-Pump

Coronary Artery Bypass Surgery
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Background: Although off-pump coronary artery bypass (OPCAB) has become an increas-
ingly common surgical procedure, recent concerns have been raised regarding the existence
of a hypercoagulable or prothrombotic state associated with OPCAB. To determine the op-
timal antiplatelet regimen after OPCAB, we investigated the effects of aspirin alone and of
combined therapy with aspirin + cilostazol on platelet aggregation in patients after OPCAB.
Material and Methods: Twenty patients scheduled to undergo OPCAB were randomized to
one of two antiplatelet regimens: aspirin alone (z = 10) and aspirin + cilostazol (n = 10). Anti-
platelet agents had not been received for at least 1 week before surgery and were initiated on
the afternoon of postoperative day 1. Platelet aggregability and hemostatic parameters were
evaluated at four time points: before and 3, 7, and 14 days after OPCAB. We measured agonist-
and shear stress-induced platelet aggregation (SIPA) using a modified cone-plate viscometer.
Results: No complications resulting from postoperative antiplatelet therapy-related bleeding
were seen in either group. Collagen- and arachidonate-induced platelet aggregation and SIPA
were significantly inhibited in the aspirin + cilostazol group compared with the aspirin-alone
group (collagen- and arachidonate-induced aggregation, p <0.0001; SIPA, p = 0.0367). Add-
ing cilostazol to aspirin augmented the inhibitory effects on platelet aggregation induced by
collagen and arachidonate. adenosine diphosphate (ADP)-induced platelet aggregation
tended to be inhibited in the aspirin + cilostazol group compared with the aspirin-alone
group (p = 0.0534).

Conclusion: The results of this study suggest that combined therapy with aspirin + cilosta-
zol is more effective than aspirin monotherapy in reducing platelet aggregation in patients
after OPCAB. This combination therapy may represent a new therapeutic option for an
anti-thrombotic regimen in patients after OPCAB. (Ann Thorac Cardiovasc Surg 2008; 14:
230-237)
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Introduction

Off-pump coronary artery bypass (OPCAB) has be-
come an increasingly common surgical procedure with
proven short- and midterm efficacy and safety."? The
main advantages of OPCAB are the opportunity to
avoid the use of cardiopulmonary bypass (CPB) with its
damaging effects and to improve and expedite patient
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recovery. Furthermore, after OPCAB, hemostasis is
preserved and postoperative bleeding is significantly
reduced compared with procedures using CPB.? How-
ever, recent concerns have been raised regarding the
existence of a hypercoagulable or prothrombotic state
associated with OPCAB, which could increase the risk
of perioperative venous and arterial thrombosis and po-
tentially endanger the patency of coronary anasto-
moses.*””

Antiplatelet therapy is an essential part of manage-
ment therapy for patients undergoing coronary artery
bypass surgery. Aspirin has been shown to effectively
increase survival and reduce morbidity in patients with
ischemic heart disease.” In particular, the beneficial ef-
fects of aspirin in the prevention of graft occlusion have
been well established in patients undergoing conven-
tional on-pump coronary artery bypass.” However,
more aggressive postoperative antithrombotic therapy
has been suggested to prevent procoagulant activity in
patients after OPCAB,'” and efficacy in this regard has
been reported for combined therapy with aspirin and
clopidogrel, an adenosine diphosphate (ADP) receptor
antagonist.'”

Cilostazol, a specific inhibitor of cyclic adenosine
monophosphate (c(AMP) phosphodiesterase I11, has both
an antiplatelet function and vasodilating effects.'” It has
been shown to be effective in the treatment of patients
with intermittent claudication'? and in the secondary
prevention of stroke.'” It has also been reported that cil-
ostazol prevents the occurrence of restenosis after coro-
nary angioplasty and stenting.'*'> Furthermore, it was
demonstrated that combined therapy with aspirin + cil-
ostazol inhibited increased platelet aggregability in pa-
tients with acute myocardial infarction undergoing pri-
mary coronary angioplasty compared with aspirin
alone.' Interestingly, cilostazol added to aspirin does
not alter the bleeding time compared with aspirin alone,
whereas clopidogrel added to aspirin prolongs the
bleeding time compared with either agent alone.'”

With the increased use of OPCAB, it is necessary to
determine the optimal postoperative antiplatelet
regimen. Therefore in the present study, we compared
the effects of aspirin alone and of a combined therapy
with aspirin + cilostazol on platelet aggregation in pa-
tients after OPCAB.
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Material and Methods

Subjects and study protocol

The subjects for this study were 20 Japanese patients,
scheduled to undergo OPCAB at Mie University Hospi-
tal, who had not been receiving aspirin or other agents
known to alter platelet function for at least 1 week prior
to surgery. The study was approved by the Ethics Com-
mittee of Mie University, and written informed consent
was obtained from each patient.

All patients were randomly assigned to one of two
treatment groups, each comprising 10 patients: an aspi-
rin-alone (100 mg/day) group and an aspirin (100 mg/
day) + cilostazol (200 mg/day) group. Exclusion criteria
were the presence of any associated cardiac disease re-
quiring surgical treatment, including the use of CPB
(e.g., left ventricular aneurysm or valvular disease),
myocardial infarction either evolving or acute (within
48 h) or recent (within 2 weeks), and severe depressed
ventricular function (ejection fraction: <35%). The
preoperative use of intravenous heparin was also con-
sidered an exclusion criterion.

The OPCAB surgical technique was standardized
with the use of the Octopus Tissue Stabilizer (Medtronic,
Inc., Minneapolis, MN). In all patients, a full midline
sternotomy was performed, and the left internal mam-
mary artery was harvested, together with additional
graft material (saphenous vein and/or radial artery). The
patients were heparinized for an activated clotting time
(ACT) of more than 300 s, and protamine was
administered after the procedure until ACT returned to
about 150 s. Mediastinal and pleural drains were inserted
before chest closure and left in situ until drainage was
less than 20 mL during 2 consecutive hours after a
period of 18 h.

Administration of the antiplatelet drugs (aspirin
alone or aspirin + cilostazol) was begun on the after-
noon of postoperative day 1 according to the protocol.
No other anticoagulant drugs were administered after
surgery.

Blood sampling

Blood samples were carefully taken from a peripheral
vein at four time points: (a) preoperative (but after in-
duction of anesthesia), (b) 3 days, (c) 7 days, and (d) 14
days after surgery. Blood was mixed with 3.8% sodium
citrate solution at a ratio of 10:1 (v/v). Platelet-rich plasma
was prepared by centrifugation at 900 rpm for 15 min
at room temperature. To standardize the aggregation
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Table 1. Patient background characteristics

ASA (n =10) ASA + CIL (n = 10) p value

Age (year) 64.2+9.8 67.7+8.8 0.412
Male 10 9 1.00
Coronary risk factors

Cigarette smoking 5 (50%) 6 (60%) 1.00
Diabetes mellitus 4 (40%) 3 (30%) 1.00
Systemic hypertension 6 (60%) 8 (80%) 0.682
Hypercholesterolemia 4 (40%) 4 (40%) 1.00
Number of bypasses 22409 20+0.38 0.613
Graft patency 100% 100% 1.00
CVA 2 (20%) 2 (20%) 1.00
ASO 1 (10%) 2 (20%) 1.00

CVA, cerebral vascular accident; ASO, arteriosclerosis obliterans; ASA, aspi-

rin; CIL, cilostazol.

experiments, platelet count was adjusted to 3 x 10°uL
using homologous platelet-poor plasma obtained by
centrifuging the blood at 3,700 rpm for 8 min. The ag-
gregation experiments were completed within 3 to 4
hours after blood sampling.

Measurement of platelet aggregation
Agonist-induced platelet aggregation was monitored
photometrically at 37°C by the turbidimetric method
using an aggregometer (AG-10, Kowa, Tokyo, Japan), as
previously described." The agonists used were 2.3 pM
ADP (Sigma, St. Louis, MO), 1.2 ug/mL of collagen
(Nycomed, Munich, Germany), and 0.83 mM sodium
arachidonate (Sigma). Continuous monitoring of shear
stress-induced platelet aggregation (SIPA) was per-
formed by a turbidimetric technique using a modified
cone-plate viscometer, as previously described.” To
measure SIPA, 400 uL of platelet-rich plasma was ap-
plied to the chamber, and the cone was rotated by a
computer-controlled rotor motor that generated constant
shear stress. Platelet-rich plasma was exposed to a gra-
dient of 6 to 108 dyne/cm?* over 6 min, and aggregation
was continuously monitored from the start of applica-
tion of shear force by recording the intensity of the light
transmitted through the platelet-rich plasma. For each
type of induced aggregation, the aggregation response
was quantified as the maximum extent of aggrega-
tion.'®19

Plasma von Willebrand factor activity and
fibrinogen level

Plasma von Willebrand factor level was measured by the
aggregometer as the ristocetin cofactor activity using a von
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Willebrand factor reagent test kit (Behring Diagnostics,
Marburg, Germany).'” Plasma von Willebrand factor
activity (expressed as the percentage of the normal
activity level) was read from a calibration curve con-
structed from serial dilutions of normal pooled plasma
(100%) with isotonic saline to a final von Willebrand
factor activity of 100%, 50%, 25%, 12.5%, and 6.3%.
The normal value was 112.5% + 18.7% [mean + standard
deviation (SD)]. Plasma fibrinogen level was measured
by a clotting method using Multifibren U (Behringwerke,
Marburg, Germany).

Statistical analysis

All data were expressed as the mean + SD and analyzed
using StatView version 5.0 (SAS Institute, Cary, NC).
Differences in the distribution of patient background
characteristics between the two groups were examined
by o test and Fisher’s exact test. Differences between
the two groups for repeatedly measured variables were
analyzed by analysis of variance (ANOVA). One-way
ANOVA was used to compare differences between the
four measurement time points within each group. Two-
tailed nonparametric tests were used to analyze differ-
ences between the two groups at single time points
(Mann-Whitney U test) and changes within each group
to detect time interactions (Wilcoxon test). A p value of
<0.05 was considered statistically significant.

Results

Patient background characteristics are shown in Table
1. There were no significant differences in age or pre-
operative risk factors between the two groups. All pa-
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tients received antiplatelet drugs on the afternoon of
postoperative day 1 according to the protocol, because
no patients had chest tube drainage that would suggest
the need for reexploration.

Effects of OPCAB on platelet count, von Willebrand
factor activity, and plasma fibrinogen level

There were no significant differences in platelet count
or von Willebrand factor activity between the aspirin-
alone group and the aspirin + cilostazol group (Fig. 1).
Platelet count transiently decreased at postoperative day
3, tended to increase at day 7, and significantly in-
creased at day 14 in both treatment groups compared
with the preoperative platelet count (Fig. 1A). Plasma
von Willebrand factor activity significantly increased at
postoperative day 3 in both treatment groups compared
with the preoperative activity, whereas no significant
differences were observed at days 7 and 14 (Fig. 1B).
Plasma fibrinogen level significantly increased at days
3,7, and 14 in both treatment groups compared with the
preoperative level (Fig. 1C).

Effects of antiplatelet therapy on agonist-induced
platelet aggregation

Treatment with aspirin alone showed a statistically sig-
nificant inhibitory effect on collagen-induced platelet
aggregation at postoperative days 7 and 14 (Fig. 2A).
However, combined therapy with aspirin + cilostazol
showed significant inhibition of collagen-induced ag-
gregation from postoperative day 3, and the inhibitory
effect in the aspirin + cilostazol group was significantly
greater than that in the aspirin-alone group (p <0.0001).
These results indicated that cilostazol augmented the
inhibitory effect of aspirin on collagen-induced platelet
aggregation.

Arachidonate-induced aggregation was also signifi-
cantly inhibited in the combined therapy group com-
pared with the aspirin-alone group (p <0.0001), though
there were no significant differences between the pre-
operative value and the values at days 3 and 7 for aspi-
rin + cilostazol therapy (Fig. 2B).

ADP-induced aggregation tended to be enhanced
after OPCAB in the aspirin-alone group (p = 0.0766).
However, ADP-induced aggregation tended to be inhib-
ited, though not significantly (p = 0.0534), in the aspirin
+ cilostazol group compared with the aspirin-alone
group (Fig. 2C), and at day 14 it was significantly lower
in the aspirin + cilostazol group than in the aspirin-
alone group (p = 0.0211).
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Fig. 1. Effects of aspirin alone (white boxes) and aspirin + cilosta-
zol (black boxes) on platelet count (A), plasma von Willebrand
factor (vWF) activity (B), and plasma fibrinogen level (C) in
patients after OPCAB.

Box-and-whisker plots show mean (black circles) and
median (horizontal lines) values, 25th and 75th percentiles
(boxes), and 10th and 90th percentiles (error bars).

Pre, preoperatively; Day 3, 3 days after surgery; Day 7, 7
days after surgery; Day 14, 14 days after surgery.
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ASA alone vs. ASA+CIL
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Fig. 2. Effects of aspirin alone (white boxes) and aspirin + cil-
ostazol (black boxes) on platelet aggregation induced by col-
lagen (A), arachidonate (B), and ADP (C) in patients after
OPCAB.

Box-and-whisker plots show mean (black circles) and
median (horizontal lines) values, 25th and 75th percentiles
(boxes), and 10th and 90th percentiles (error bars).

Pre, preoperatively; Day 3, 3 days after surgery; Day 7, 7
days after surgery; Day 14, 14 days after surgery; ASA,
aspirin; CIL, cilostazol.
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Fig. 3. Effects of aspirin alone (white boxes) and aspirin + cil-
ostazol (black boxes) on SIPA in patients after OPCAB.
Box-and-whisker plots show mean (black circles) and median
(horizontal lines) values, 25th and 75th percentiles (boxes),
and 10th and 90th percentiles (error bars).

Pre, preoperatively; Day 3, 3 days after surgery; Day 7, 7
days after surgery; Day 14, 14 days after surgery; ASA, aspi-
rin; CIL, cilostazol.

Effect of antiplatelet therapy on SIPA

In the aspirin + cilostazol group, SIPA was signifi-
cantly inhibited after OPCAB compared with the
aspirin-alone group (p = 0.0367) (Fig. 3). Moreover,
the combination of aspirin + cilostazol significantly
inhibited SIPA at day 14 compared with the preoperative
value (p = 0.0499) and with the value at postoperative
day 3 (p = 0.0173).

Postoperative complications

There were no in-hospital deaths, reexplorations for
bleeding, gastrointestinal bleeding, stroke, or myocar-
dial infarctions in either group. In the aspirin + cilosta-
zol group, the drains were left in situ until postoperative
day 2 in 3 patients with no increase in blood loss result-
ing from antiplatelet therapy being observed.

Discussion

Traditionally, patients undergoing coronary artery by-
pass operations by CPB are not considered at risk of
venous or arterial thromboembolic complications, since
CPB induces clotting disorders and platelet dysfunc-
tion.”” Therefore aggressive anticoagulant prophylaxis
is generally not recommended during the early postop-
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erative period, and aspirin has been the most commonly
used postoperative antiplatelet drug. However, because
OPCAB lacks the hemostasis-impairing effect of CPB,
different postoperative prophylaxis strategies for throm-
botic events should be considered.”'” Furtheremore, as-
pirin appears to not always be an effective inhibitor of
platelet function, because considerable individual varia-
tions in its antiplatelet effects, referred to as “aspirin re-
sistance,” have been widely known. Zimmermann et al.
reported that aspirin resistance develops in many pa-
tients who undergo coronary artery bypass grafting.?”
In the present study we focused on platelet function in
patients undergoing OPCAB and investigated the ef-
fects of aspirin monotherapy and combined therapy
with aspirin + cilostazol on platelet aggregation during
the early postoperative period. A low dose of aspirin in-
hibits the production of thromboxane A, by irreversibly
acetylating cyclooxygenase in the platelets. Based on
this mechanism, aspirin inhibits platelet aggregation in-
duced by collagen and arachidonate. On the other hand,
cilostazol is a specific inhibitor of cAMP phosphodi-
esterase III, which is strongly expressed in platelets and
vascular smooth muscle cells.'” Cilostazol inhibits
platelet aggregation induced by ADP as well as by col-
lagen and arachidonate.*” SIPA is also significantly in-
hibited by cilostazol.”

In the present study we found that platelet counts
were decreased at postoperative day 3 and progressively
increased at days 7 and 14 compared with the preopera-
tive count. The increase in platelet count during the
postoperative period indicated increased platelet turn-
over, suggesting the early recovery of platelet aggrega-
bility. Plasma von Willebrand factor is derived primarily
from endothelial cells, and increased plasma levels are
considered to reflect the extent of vascular damage.'®
We found significant increases in von Willebrand factor
activity on postoperative day 3 in both groups com-
pared with the preoperative activity. This result may
also indicate the early recovery of von Willebrand factor-
dependent platelet functions such as platelet adhesion
and SIPA.

Our data showed that aspirin suppressed platelet ag-
gregation induced by collagen and arachidonate after
OPCAB, and that the addition of cilostazol to aspirin
significantly augmented that inhibitory effect. These
results may reflect a synergistic effect of two different
types of antiplatelet drugs with different mechanisms
for inhibiting platelet aggregation.

Aspirin monotherapy did not inhibit ADP-induced
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platelet aggregation or SIPA, as previously reported in
patients with cardiovascular disease.'” Rather, ADP-
induced platelet aggregation tended to increase postop-
eratively in the aspirin-alone group. We demonstrated
that combined therapy with aspirin + cilostazol was ef-
fective in reducing ADP-induced platelet aggregation
and SIPA in patients after OPCAB. Significant suppres-
sion of platelet aggregability by this combined therapy
compared with aspirin alone has been demonstrated in
patients with acute myocardial infarction after coronary
angioplasty.'® The present study therefore confirmed
the inhibitory effects of combined therapy with aspirin
+ cilostazol on platelet aggregation in patients undergo-
ing OPCAB.

Furthermore, besides its antithrombotic and vasodi-
lating effects, cilostazol also has an inhibitory effect on
vascular smooth muscle cell proliferation.”” Recent
clinical studies have demonstrated that cilostazol is use-
ful in preventing restenosis after coronary intervention
by suppressing intimal hyperplasia.'*'> This effect of
cilostazol may potentially suppress intimal hyperplasia
at anastomotic sites of coronary artery bypass grafting,
as previously shown in experimental studies.”

It has been reported that combined therapy with as-
pirin and clopidogrel, a potent ADP receptor antagonist,
was effective as an aggressive postoperative antithrom-
botic therapy after OPCAB.'” However, Wilhite et al.
reported that combined therapy with aspirin and clopi-
dogrel in patients with peripheral arterial occlusive dis-
ease resulted in a significant increase in bleeding time
when compared with either drug alone, whereas cilosta-
zol added to aspirin did not alter bleeding time com-
pared with aspirin alone."” In fact, in the current study
there were no complications resulting from postopera-
tive antiplatelet therapy-related bleeding in either group,
indicating that combination therapy with aspirin + cil-
ostazol is a safe antithrombotic regimen in patients un-
dergoing OPCAB.

There were some limitations to our study. First, be-
cause the average life span of platelets is 7 days, the ad-
ministration of aspirin or other agents known to alter
platelet function was stopped at least 1 week before sur-
gery. Although no statistically significant differences in
preoperative collagen- and arachidonate-induced plate-
let aggregation were seen between the two treatment
groups, the preoperative values in each group showed
large variations. Because this may indicate a difference
in the platelet life span among individuals, it would be
necessary to stop the administration of aspirin or other

235



Onoda et al.

agents known to alter platelet function for longer than 1
week before surgery to obtain preoperative values with
less variation. Second, this was a prospective random-
ized investigation, but not a double-blind study, and a
larger, double-blind multicenter trial is required to con-
firm our preliminary results.

In conclusion, the results of this study suggest that
combined therapy with aspirin + cilostazol is more ef-
fective than aspirin monotherapy in reducing platelet
aggregation in patients after OPCAB, and this combi-
nation therapy may represent a new therapeutic option
for an antithrombotic regimen in patients after OPCAB.
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