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INTEGRATING PLATELET FUNCTION TESTING INTO CLINICAL PRACTICE

Antiplatelet Therapy, Cardiac
Surgery, and the Risk of Bleeding:
The Surgeon’s Perspective
Mariano E. Brizzio, MD, Alex Zapolanski, MD
Valley Heart and Vascular Institute, Ridgewood, NJ

Antiplatelet therapy is widely accepted in the contemporary management of patients
with coronary syndromes. Effective platelet inhibition can cause an increased risk of
bleeding, which is more evident when patients are referred to surgical coronary revascu-
larization. The cardiac surgeon should be familiar with all new antiplatelet drugs. 
In this article we compile the latest information about antiplatelet therapy and 
its impact on cardiac surgery.
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Coronary artery bypass grafting (CABG) is the most common surgical pro-
cedure performed by cardiac surgeons in the United States, with close to
300,000 procedures annually.1

Perioperative bleeding is not uncommon during cardiac surgical procedures.
Approximately 50% to 60% of cardiac surgical patients require blood transfu-
sions perioperatively.2 There is significant evidence that blood transfusions
during cardiac procedures are associated with inferior short- and long-term out-
comes.2-4 Antiplatelet therapy is widely accepted in the contemporary manage-
ment of patients with coronary syndromes; however, effective platelet inhibi-
tion can cause an increased risk of bleeding, particularly in patients who
eventually require surgical revascularization.5
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The Role of the Platelet in the
Atherosclerotic Process
Platelets play a critical role in the
normal coagulation system by pre-
venting bleeding after blood vessels
are damaged. In addition, they con-
tribute to different phases of the ath-
erosclerotic process.6 Rupture of a
previously formed atherosclerotic
plaque exposes collagen, smooth-
muscle cells, and von Willebrand fac-
tor (vWF), all of which trigger platelet
activation and massive aggregation.7

The result of this accumulation of
platelets is thrombosis. Acute coro-
nary syndrome (ACS) is a conse-
quence of the occlusion of an athero-
sclerotic vessel by the thrombotic
process. As described, collagen and
vWF, in addition to thromboxane A2

(TxA2), thrombin, and adenosine
diphosphate (ADP), are the most
powerful platelet activators.8 When a
platelet is activated, a conforma-
tional change occurs in a receptor lo-
cated in the platelet membrane called
glycoprotein (GP) IIb/IIIa, which
promotes platelet aggregation.9

Antiplatelet agents that target
critical steps of the thrombotic
mechanism described above have
been developed over the past three
decades. However, treatment with
these agents can sometimes increase
the risk of undesirable bleeding
complications.10

Antiplatelet Agents
Many antiplatelet agents have been
tested and used as an effective treat-
ment in arterial thrombosis. Acetyl
salicylic acid (commonly known as
aspirin) was the first antiplatelet
agent used and proven to be effective
to reduce the incidence of myocar-
dial infarction (MI) and stroke in
many high-risk vascular patients.10

The recurrence of vascular events in
patients treated with aspirin alone
ranges between 10% and 20% within
5 years of the initial event.10

Aspirin is effective by blocking the
synthesis of TxA2, a powerful platelet
activator.9 In the past decade,
thienopyridines (such as clopidogrel)
have been used to improve outcomes
in the treatment of ACS. This an-
tiplatelet agent irreversibly blocks
the P2Y12 receptor, precluding the
platelet activation by ADP.10 Its an-
tiplatelet mechanism of action
clearly differs from aspirin. In the
majority of cardiovascular patients,
the combination of clopidogrel and

aspirin has additive beneficial effects
when compared with clopidogrel or
aspirin alone.10 Clopidogrel also has

some limitations, which has
prompted the development of newer
antiplatelet agents that interact at
different sites of the coagulation cas-
cade. Figure 1 and Table 1 reflect the
site of action of the common anti-
platelet agents.

Antiplatelet Therapy and 
Cardiac Surgery
It has been estimated that more than
50% of patients undergoing CABG
have been exposed to clopidogrel.11,12

Many studies demonstrate that the
risk of postoperative bleeding is higher
when clopidogrel is discontinued
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Figure 1. Platelet activation cascade and site of action of antiplatelets agents. ADP, adenosine diphosphate; GP,
glycoprotein; PAR1, protease-activated receptor 1; TxA

2
, thromboxane A2.

In the majority of cardiovascular patients, the combination of clopidogrel and
aspirin has additive beneficial effects when compared with clopidogrel or as-
pirin alone. Clopidogrel also has some limitations, which has prompted the
development of newer antiplatelet agents that interact at different sites of
the coagulation cascade.
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within � 5 days of surgery.12 Based
on the current evidence, the Ameri-
can College of Cardiology/American
Heart Association guidelines for
managing patients with coronary
artery disease who undergo CABG
recommend withholding clopidogrel
for 5 to 7 days before the surgical
procedure.13

The risk of bleeding in CABG
patients who are receiving dual
antiplatelet therapy (DAPT) has been
extensively described.12-15 In a recent
published study in which a cohort of
596 patients was analyzed, signifi-
cant bleeding complications oc-
curred in those who received clopi-
dogrel within 5 days of CABG.12 A
more recent study including 4794

such patients reported no significant
increase of bleeding risk.15 Despite
the conflicting results, neither of
these studies considered the poten-
tial of clopidogrel resistance and the
possible effects in efficacy impacting
bleeding outcomes. In a recent pub-
lication, Cuisset and Cayla16 summa-
rized many reported studies in which
clopidogrel nonresponse was evalu-
ated. According to these studies, 20%
to 30% of patients demonstrate some
level of resistance to clopidogrel;
however, not all patients on DAPT
bleed excessively following CABG.
Recent studies have shown much
variation in post-CABG bleeding.17

Perhaps there is a relationship be-

tween this variance in bleeding out-
comes and clopidogrel resistance.
Further studies are needed to address
this hypothesis.

In a recent report by the Society of
Thoracic Surgeons regarding blood
conservation guidelines, point-of-
care PI tests are considered a reason-
able tool to identify clopidogrel
nonresponders. This identifies candi-
dates for early CABG avoiding the
usual waiting time.18 At the Valley
Heart and Vascular Institute

(Ridgewood, NJ), the VerifyNow
P2Y12 Assay® (Accumetrics, San
Diego, CA) is used routinely in every
patient referred to cardiac surgery with
previous exposure to any thienopyri-
dine (clopidogrel or prasugrel).

The VerifyNow P2Y12 Assay
The VerifyNow P2Y12 Assay is a
rapid platelet function cartridge-
based assay designed to measure di-
rectly the effects of drugs on the
P2Y12 receptor. This assay uses
prostaglandin E1 in addition to ADP
to increase intraplatelet cyclic-3�,5�-
adenosine monophosphate (cAMP),
making the assay more sensitive and
specific to the effects of ADP medi-
ated by the P2Y12 receptor. When the
whole blood sample contacts the
fibrinogen-coated microparticles in-
cluded in the cartridges the available
platelet receptors activate and aggre-
gate. The VerifyNow P2Y12 Assay
measures platelet-induced aggrega-

tion as an increase in light transmit-
tance. P2Y12 reaction  units (PRUs)
indicate the amount of ADP-medi-
ated aggregation specific to the P2Y12

receptor. PRU is calculated as a func-
tion of the rate and extent of platelet
aggregation. Percent of inhibition is
the change from baseline aggrega-
tion, and is calculated from the PRU
result and the base result. Expected
values are in the range of 0% to
100%. Higher percentage values of
inhibition are reported if the

thienopyridines have produced the
expected antiplatelet effect.

Based on manufacturer recommen-
dations a test result of � 20% is con-
sidered a very low grade of platelet in-
hibition. This result is also consistent

Antiplatelet Therapy, Cardiac Surgery, and the Risk of Bleeding continued
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Table 1
Antiplatelet Agents

Inhibits Synthesis of TxA2

Aspirin

Protease-Activated Receptor 1 
Antagonist

Vorapaxar

TxA2 Antagonists

Dipyridamole

Terutroban

Direct Thrombin Inhibitor

Bivalirudin

P2Y12 Antagonists

Ticlopidine

Clopidogrel

Prasugrel

Ticagrelor

Cangrelor

Glycoprotein IIb/IIIa Antagonist

Abciximab

Tirobiban

Eptifibatide

TxA2, thromboxane A2.

At the Valley Heart and Vascular Institute (Ridgewood, NJ), the VerifyNow
P2Y12 Assay is used routinely in every patient referred to cardiac surgery
with previous exposure to any thienopyridine (clopidogrel or prasugrel).

The VerifyNow P2Y12 Assay measures the platelet-induced aggregation
as an increase in light transmittance. P2Y12 reaction units indicate the
amount of adenosine diphosphate-mediated aggregation specific to the
P2Y12 receptor.
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with previous reports demonstrating
platelet inhibition after discontinua-
tion of clopidogrel for 5 days and,
therefore, may represent an accept-
able bleeding risk for a patient to un-
dergo a surgical procedure.19,20

Our Experience With the
VerifyNow P2Y12 Assay
In a recent study conducted in our
institution (Valley Heart and Vascular
Institute, Ridgewood, NJ), we sought
to determine the utility of the
VerifyNow P2Y12 Assay in measuring
the PI in patients receiving preopera-
tive clopidogrel. Between June 2007
and July 2009, 482 isolated CABG
procedures were performed. We di-
vided the cohort into four subgroups.
Group 1 (n � 205) consisted of pa-
tients who were not taking clopido-
grel. Group 2 (n � 117) included pa-
tients who were taking clopidogrel
but in whom the test was not per-
formed. Group 3 (n � 122) included
patients in whom the test was per-
formed, resulting in a � 20% platelet
inhibition. Group 4 (n � 38) in-
cluded patients in whom the test was
performed, resulting in a � 21%
platelet inhibition. Patient demo-
graphics were comparable in all
groups. The median waiting time for
surgery from the last dose of clopido-
grel was 6 days for the control groups
and 3 days for the groups in whom
the test was performed (P � .001)

Reoperation for bleeding occur-
red more often in Group 4 (7.9%;
P � .003). Blood utilization was re-
duced in Group 1 (24.4%) when
compared with Group 2 (34.2%),
Group 3 (40.2%), and Group 4
(55.3%) (P � .001). Major complica-
tions and postoperative length of
stay were similar in all groups. This
study concluded that the utilization
of the VerifyNow P2Y12 Assay in the
preoperative assessment of CABG pa-
tients previously exposed to clopido-
grel significantly reduces the waiting

time for elective surgery. Platelet in-
hibition � 21% is associated with an
increased risk of reoperation for
bleeding and blood usage.5

Other Agents in Use
Dipyridamole
Dipyridamole inhibits the uptake of
adenosine into platelets. This inhibi-
tion results in an increase in local
concentrations of adenosine, which
acts on the platelet A2 receptor,
thereby stimulating platelet adenylate
cyclase and increasing platelet cAMP
levels. Via this mechanism, platelet
aggregation is inhibited in response
to various stimuli such as platelet ac-
tivating factor, collagen, and ADP.21

Modified-release dipyridamole is used
in conjunction with aspirin in the
secondary prevention of stroke and
transient ischemic attack.22

Because its half-life is 12 hours, it
takes approximately 2.5 hours for the
antiplatelet effect to dissipate com-
pletely; therefore, discontinuing this
drug 2 days before surgery should re-
duce potential bleeding risks. A triple
therapy of aspirin, clopidogrel, and
dipyridamole has been investigated,
but this combination led to an in-
crease in adverse bleeding events and
its use is not approved.23

Terutroban
Terutroban is a selective antagonist of
the thromboxane receptor. It blocks
thromboxane-induced platelet aggre-
gation and vasoconstriction. As of
2010, it is being tested for the sec-
ondary prevention of acute throm-
botic complications in a phase III clin-
ical trial. However, the recent
publication of the finalized Terutroban
Versus Aspirin in Patients With Cere-
bral Ischaemic Events (PERFORM) trial
showed no clinical advantage in pa-
tients with aspirin monotherapy in
preventing strokes. At the time of this
publication, its use in clinical practice
is not approved in the United States.24

Ticlopidine
Ticlopidine is an antiplatelet drug in
the thienopyridine family, which in-
hibits platelet aggregation by alter-
ing the function of platelet mem-
branes by irreversibly blocking ADP
receptors. This prevents the confor-
mational change of GP IIb/IIIa,
which allows platelet binding to fib-
rinogen.25 It is used in patients in
whom aspirin is not tolerated, or in
whom DAPT is desirable (in combi-
nation with aspirin). Because it has
been reported to increase the risk of
thrombotic thrombocytopenic pur-
pura and neutropenia, its use has
largely been supplanted by the
newer drug, clopidogrel, which is felt
to have a much lower hematologic
risk.26 As with other thienopyridines,
it is recommended to discontinue its
use 5 to 7 days before surgery.

Prasugrel
Prasugrel, a novel thienopyridine,
was approved for clinical use in 2010
by the US Food and Drug Adminis-
tration (FDA). Unlike clopidogrel,
which undergoes a two-step, cy-
tochrome P-450–dependent con-
version to its active metabolite, pra-
sugrel only requires single-step
activation. Prasugrel is a more potent
platelet inhibitor with faster action
and inhibition. Also, it has been esti-
mated that, due to its easy metabo-
lism, genetic resistance is less likely.27

In other words, prasugrel has a sig-
nificantly lower incidence of hypore-
sponsiveness in comparison with
clopidogrel.27 Prasugrel activity can
be measured using the VerifyNow
P2Y12 Assay. In our own clinical ex-
perience, it has much higher levels of
inhibition than clopidogrel, reached
in a shorter period of time. A recent
publication by Bonello and col-
leagues28 corroborates our impression.
The risks of bleeding in cardiac
surgery patients is greater with pra-
sugrel than with clopidogrel.29 This
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drug should be discontinued at least
7 days before a surgical intervention
and the measurement of platelet in-
hibition is always recommended.

Ticagrelor
Ticagrelor is the most novel class of
antiplatelet drugs, the cyclopentyl-
triazolo-pyrimidines, which also in-
hibit the P2Y12 receptor as do the
thienopyridines. However, it has a
simpler and faster metabolism (rapid
onset of action) high potency and,
most importantly, reversibility.30 In
the Dose Confirmation Study Assess-
ing Antiplatelet Effects of AZD6140
Versus Clopidogrel in non–ST-
segment Elevation Myocardial In-
farction (DISPERSE-2) study, patients
who received either clopidogrel or
ticagrelor within the first 24 hours of
the last dose had similar risks of
bleeding. However, if the surgery was
performed 1 to 5 days after the last
dose, the risks were significantly
lower in the ticagrelor-treated
group.31 The drug was as safe as
clopidogrel from a surgical stand-
point, despite its more potent initial
antiplatelet effect.31 This drug was
recently approved by the FDA for
clinical use. Ticagrelor should be dis-
continued 5 days prior to surgery.32

Cangrelor
Cangrelor, an adenosine triphos-
phate analog, is an investigational
intravenous (IV) antiplatelet drug.
This agent has biphasic elimination

and possesses the advantages of high
potency, very fast onset of action,
and very fast reversibility after dis-
continuation.27 This offers a consid-
erable advantage over other ADP an-
tagonists in patients who might need
immediate surgery. However, after
initial treatment, patients who re-
ceived IV cangrelor often require
continued treatment with one of the
oral P2Y12 antagonists, which must
be taken into consideration.27

Abciximab
Abciximab is an antibody against
the GP IIb/IIIa receptor. It was popu-
lar with interventional cardiologists
10 years ago. In many catheteriza-
tion laboratories it was replaced by
newer IV agents. Abciximab has a
plasma half-life of approximately
10 minutes, with a second phase
half-life of approximately 30 minutes.
However, its effects on platelet func-
tion can be seen for up to 48 hours
after the infusion has been termi-
nated, and low levels of GP IIb/IIIa
receptor blockade are present for up
to 15 days after the infusion is
terminated.33

Tirofiban
Tirofiban is a synthetic, nonpeptide
inhibitor acting on GP IIb/IIIa recep-
tors. It has a rapid onset and short
duration of action after proper IV ad-
ministration. Platelet activity returns
to normal 4 to 8 hours after the drug
is withdrawn.34

Eptifibatide
Eptifibatide is a newer antiplatelet
drug that inhibits the GP IIb/IIIa in-
hibitor. It belongs to the class of the
so-called arginine-glycine-aspartate
mimetics and reversibly binds to
platelets. Eptifibatide has a short
half-life of 3 to 5 hours, and after dis-
continuation platelet activity recov-
ers to normal levels.35 The drug is the
third inhibitor of GP IIb/IIIa that has
found broad acceptance with inter-
ventional cardiologists.

Vorapaxar
Vorapaxar is a protease-activated
receptor 1 antagonist based on the
natural product himbacine. It is an
experimental pharmaceutical treat-
ment of ACS as a very powerful
platelet inhibitor.36 Interestingly,
one of the findings in the Thrombin
Receptor Antagonist Percutaneous
Coronary Intervention (TRA-PCI)
trial was a nonsignificant increase in
CABG-related bleeding with vora-
paxar despite its very long half-life.37

In January 2011 the clinical trial
was halted; it is unknown if it will
continue.

Bivalirudin
Bivalirudin is a specific and re-
versible intravenous direct thrombin
inhibitor. Clinical studies demon-
strated consistent positive outcomes
in patients with stable angina, unsta-
ble angina, non–ST-segment eleva-
tion MI, and ST-segment elevation

Antiplatelet Therapy, Cardiac Surgery, and the Risk of Bleeding continued
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Main Points
• Antiplatelet therapy plays a very important role in the treatment of coronary syndromes. The effectiveness of these

agents warrants optimal outcomes in percutaneous coronary intervention and coronary artery bypass graft patients.

• Bleeding complications in cardiac surgery patients are widely demonstrated even with the newest and most developed
antiplatelet agents.

• The implementation of any tool available to identify high-risk bleeding patients warrants the best postoperative
outcomes.

• The cardiac surgeon should be familiar with the latest antiplatelet therapies and be ready to face new challenges.
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MI undergoing PCI in seven major
randomized trials.38 Coagulation
times and platelet activity return to
baseline approximately 1 to 6 hours
following cessation of bivalirudin
administration.39 However, in clini-
cal practice, the bleeding effect in
cardiac surgery patients could be
much longer, especially if cardiopul-
monary bypass has been used.

Conclusions
Antiplatelet therapy plays a crucial
role in the treatment of coronary pa-
tients. The continuous introduction
of new agents is geared to improve
results in patients ongoing PCI.
These new drugs have significant
repercussions in patients requiring
CABG. The cardiac surgeon should
be familiar with all these new drugs
and be ready to face new challenges.
In the end, the ideal management of
these patients has to be a collabora-
tive effort between cardiologists and
surgeons. We should use all the tools
available to assure the best possible
outcomes.

Drs. Brizzio and Zapolanski report no real or
apparent conflicts of interest.
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