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Case Vignette
A 64-year-old man recently suffered an ST elevation myocardial infarction 
and underwent percutaneous coronary angioplasty. During the procedure, 
multiple lesions in all three main coronary arteries were noted. However, only 
one drug-eluting stent could be placed in the circumflex artery and the patient 
was started on aspirin and the thienopyridine prasugrel to prevent stent throm-
bosis. He was then referred for urgent coronary artery bypass grafting to 
revascularize the remaining affected coronary arteries. The treating physician 
discussed whether to continue or discontinue aspirin and prasugrel during a 
multidisciplinary team consult. The team concluded that prasugrel should be 
discontinued, but there was no consensus regarding the time of discontinua-
tion and whether bridging therapy is required.

�Why Is It Important?

Platelets are a vital component of blood involved in hemostasis. They are activated 
and mediated by a number of mechanisms. Endothelial damage or rupture of an 
atherosclerotic plaque activates, adheres, and aggregates platelets to allow hemosta-
sis until tissue repair is completed.

Although these processes are part of normal physiological function, amplifica-
tion and excessive thrombus formation impede vascular flow. Occlusion of blood at 
regions narrowed by atherosclerotic plaques can lead to tissue ischemia and dam-
age. Antiplatelet agents are a cornerstone of preventing or reducing such events. 
However, blocking platelet function during surgery delays hemostasis and increases 
the risk of bleeding. This chapter focuses on the mechanistic action of antiplatelet 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-15342-7_6&domain=pdf
https://doi.org/10.1007/978-3-030-15342-7_6
mailto:aamer.ahmed@uhl-tr.nhs.uk
mailto:adeel@majeed.org


52

drugs, how to manage these in the perioperative setting and whether to bridge 
patients in case of antiplatelet drug discontinuation.

�Platelet Function

Platelet involvement in coagulation is termed primary hemostasis, whereas secondary 
hemostasis is mediated by the coagulation proteins leading to fibrin formation. 
Primary hemostasis involves a number of proteins and interactions and occurs very 
quickly. However, it can be divided into three stages occurring rapidly in succession.

Initial tissue damage exposes the collagen fibers making up the endothelium. 
Collagen glycoprotein (GP) Ia/IIa surface receptors anchor passing platelets by 
interacting through von Willebrand factor (vWF) that is secreted by the endothelium 
and binds to GPIb receptors forming a complex with GPIX and GPV on platelets.

In the absence of tissue damage, platelets are inhibited by endothelial produced 
nitric oxide, ADPase, and prostacyclin (PGI2). Platelet intracellular calcium is 
maintained at low levels by a cyclic-AMP mediated calcium pump. Activation of 
platelets occurs from multiple sources:

•	 ADP binding to the purinergic receptors P2Y1 and P2Y12, on the platelet 
surface.

•	 Tissue factor (TF) release from endothelial damage activating factor VII and in 
turn thrombin, which acts directly on platelets.

This increases the net intracellular calcium, which in turn activates the platelet.
Activated platelets increase the production of thromboxane A2, which activates 

glycoprotein IIb/IIIa receptors on their own and neighboring platelets, which leads to 
aggregation. Activated platelets also degranulate, secreting chemotactic agents that 
attract more platelets to the site of endothelial injury. Activated platelets gather at the 
site of endothelial injury. The activated glycoproteins IIb/IIIa surface receptors bind 
to vWF and fibrinogen, thereby anchoring activated platelets to endothelial collagen. 
The binding to fibrinogen allows platelet cross-linking and hence aggregation.

�Mechanisms

�Cyclooxygenase Pathway

The enzyme cyclooxygenase (COX) converts arachidonic acid, a fatty acid in cell 
membranes, to prostaglandins, prostacyclins, and thromboxanes. These are impor-
tant biological molecules involved in pain, inflammation, and coagulation. There 
are two forms: COX-1 and COX-2. With COX-1 being a constitutive enzyme that is 
continuously active and COX-2 being an inducible enzyme that is activated by 
inflammation or tissue damage (Fig. 6.1).
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Aspirin is an irreversible inhibitor of COX-1 and COX-2. By blocking COX-1, 
the conversion of arachidonic acid to prostaglandin H2 is blocked, and therefore, its 
conversion to thromboxane A2 and prostaglandin I2 is also hindered. Thromboxane 
A2 is the main eicosanoid involved in platelet aggregation as described earlier, while 
prostaglandin I2 is produced by endothelial cells and has anti-thrombotic actions 
[1]. As said, the effect of aspirin on platelets is permanent, and the antiplatelet effect 
wears off after 7 days once new platelets are synthesized. The antiplatelet effect 
occurs at low doses (75–150 mg) with mostly COX-1 inhibition, while the anti-
inflammatory and analgesic effects, mediated mainly by COX-2 inhibition, occur at 
higher doses (150–325 mg).

�Platelet Surface Receptors

The numerous receptors on the platelet surface are mostly involved in activation, 
anchoring, and maintenance of platelet aggregation, albeit that not all their func-
tions are yet understood. There are multiple antiplatelet drugs produced that spe-
cifically target one or two of these receptors. Receptors not yet targeted continue 
to provide important potential avenues of research in targeted drug development. 
The most commonly known receptors are the ADP receptors, glycoprotein IIb/
IIIa receptors, phosphodiesterase, and protease activated receptors.
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ADP receptors are expressed on the platelet surface, and binding results in plate-
let activation through a conformational change, platelet aggregation, and interaction 
with other cell surface and plasma receptors and compounds. Blocking ADP bind-
ing to the receptor has antiplatelet aggregation effects [2]. ADP receptors are part of 
the larger purinergic G-protein couple receptor family, and the specific receptors on 
the platelet surface are termed P2Y1 and P2Y12 receptors. P2Y1 receptors initiate 
platelet aggregation, whereas P2Y12 receptors amplify and complete aggregation. 
Therefore, both receptors need to be activated for aggregation to occur. Agents 
developed to block these receptors have focused on the P2Y12 receptor and are 
termed ADP receptor inhibitors or P2Y12 receptor antagonists [1]. Drugs currently 
in clinical use are clopidogrel, prasugrel, ticagrelor, and the more recently approved 
cangrelor [3].

Glycoprotein IIb/IIIa receptors are the most important receptors on the platelet 
surface, as they are activated by vWF and fibrinogen. Binding of vWF allows 
anchorage of platelets to the endothelium and the attraction of other platelets. The 
binding of fibrinogen allows crosslink formation and platelet aggregation through 
platelet–fibrin complexes. Activated glycoprotein IIb/IIIa receptors also have effects 
on thrombin and collagen to continue the prothrombotic effect [4]. Inhibition of 
these receptors has an antiplatelet effect. The agents currently in use are abciximab, 
tirofiban, and eptifibatide.

�Indications

Antiplatelet drugs are primarily used in the context of prevention of morbidity from 
coronary artery disease. However, indications for their use differ between agents.

�Aspirin

Multiple trials have shown that aspirin as primary prevention taken daily at doses of 
75–325 mg reduces the risk of myocardial infarction (MI) by 36–44% [1]. This was 
questioned from a safety perspective [5], but daily aspirin at low doses (75–150 mg) 
is still recommended in patients with low risk of gastrointestinal or intracranial 
hemorrhage.

Aspirin is routinely used after MI and revascularization interventions. Aspirin 
given within 24 h after a MI reduces the likelihood of reinfarction and mortality. In 
patients diagnosed with acute coronary syndromes or unstable angina, guidelines 
recommend that aspirin be given prior to a percutaneous coronary intervention or 
thrombolysis and continued indefinitely [6]. This reduces the rates of stent throm-
bosis and mortality. Aspirin is also given as part of a dual antiplatelet therapy 
(DAPT) regime at low doses. After CABG, the use of aspirin improves graft patency 
and reduces mortality from MI, stroke, and renal failure [7, 8].
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�ADP Receptor Inhibitors

In patients presenting with an acute coronary syndrome or unstable angina, ADP 
receptor inhibitors are recommended by most guidelines. Patients who undergo a per-
cutaneous coronary intervention and have stents are required to take ADP receptor 
inhibitors in combination with aspirin (DAPT). Recent guidelines have made a num-
ber of recommendations in this context [9–12]. Patients who receive bare-metal stents 
and are at low risk of bleeding should have DAPT for 4–6 weeks, whereas patients 
receiving drug-eluting stents should take DAPT for 6 months. Where there is increased 
risk of stent thrombosis, DAPT treatment should be increased to 12 months.

ADP receptor inhibitors tend to be used with low dose aspirin. The CURE trial 
found that aspirin with clopidogrel is superior to aspirin alone in patients with an 
acute coronary syndrome. This reduces major cardiac events and also reduces hem-
orrhagic side effects from higher dose aspirin [13].

ADP receptor inhibitors are also used in peripheral arterial disease to prevent 
thrombotic events and improve flow. They are also used as alternatives in ischemic 
strokes associated with carotid or vertebral artery dissections. ADP receptor inhibi-
tors are also used as alternatives to warfarin in atrial fibrillation where warfarin is 
contraindicated.

�Glycoprotein IIb/IIIa Receptor Inhibitors

Glycoprotein IIb/IIIa receptor inhibitors agents are given intravenously to have a 
quick onset of effect. Therefore, their use is mainly in the context of percutaneous 
coronary interventions or acute MI. A meta-analysis of 21 studies has shown that 
the use of glycoprotein IIb/IIIa receptor inhibitors in patients undergoing coronary 
interventions reduces the combined endpoint of death, non-fatal MI, or urgent 
revascularization at 30 days [14]. It is therefore recommended to use glycoprotein 
IIb/IIIa inhibitors in combination with aspirin and heparin for those medically man-
aged or undergoing intervention for acute MI [15]. Specifically, for patients under-
going coronary interventions, initiation of therapy with heparin and abciximab, 
high-dose tirofiban/eptifibatide [15], or cangrelor, an intravenous and ultra-short 
acting ADP-receptor blocker is recommended [16].

�Risks

�Aspirin

Evidence shows that the antiplatelet effect increases up to 75–81 mg dosage, with 
higher doses increasing the gastrointestinal or intracranial bleeding risk without 
increasing benefit [17]. In particular, a review of 22 trials found that low-dose 
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aspirin doubles the risk of gastrointestinal and intracranial bleeding compared to 
placebo [18]. A meta-analysis of 16 trials showed that aspirin increases the risk of 
hemorrhagic stroke despite favorable effects on ischemic stroke and MI [19]. In 
patients undergoing a non-cardiac surgical intervention, aspirin use is not associated 
with major bleeding events [20]. However, in cardiac surgery, there is increased 
postoperative bleeding that however does not require reoperation when aspirin is 
continued [21].

�ADP Receptor Inhibitors

ADP receptor inhibitors are associated with an increased bleeding risk, but com-
pared with aspirin the gastrointestinal-related side effects are lower. The addition of 
clopidogrel to aspirin therapy in patients with coronary syndromes increases the 
risk of bleeding, but fatal bleeding rates remain similar [13]. More importantly, in 
patients undergoing CABG surgery, a meta-analysis found that clopidogrel use 
within 7 days preceding the intervention was associated with an increased risk of 
major bleeding and related complications, requiring re-exploration and transfusions 
[22]. In patients with an acute coronary syndrome, ticagrelor reduced the rate of 
death from prothrombotic causes compared to clopidogrel without an increase in 
the rate of overall major bleeding but with an increase in the rate of non-procedure-
related bleeding [23]. However, patients on aspirin with ticagrelor have a stronger 
trend towards bleeding when ticagrelor is stopped only 1 day prior to surgery than 
patients on aspirin with clopidogrel [24].

�Glycoprotein IIb/IIIa Receptor Inhibitors

Glycoprotein IIb/IIIa receptor inhibitors significantly increase the risk of bleeding 
compared with placebo [25]. However, the risk of bleeding is comparable to the use 
of heparin, in particular with respect to the rates of intracranial hemorrhage when 
used as single antiplatelet therapy [26].

�Perioperative Use and Management

The use of antiplatelet drugs during cardiac and non-cardiac surgery increases 
the risk of perioperative bleeding, as previously indicated. However, the cessa-
tion of antiplatelet agents before surgery increases the risk of perioperative MI, 
stroke, stent occlusion, and even death from rebound pro-inflammatory effects. 
To ensure minimal risk for bleeding or life-threatening thrombosis, a risk evalu-
ation and interdisciplinary management plan needs to be agreed upon before 
surgery.
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�Bleeding Risk

The bleeding risk varies according to the antiplatelet agents used, and whether dual 
antiplatelet therapy is being used. In a review it was stated that the risk of bleeding 
with continued use of antiplatelets is 30–50% compared with 2.5–20% in patients 
without antiplatelet drugs, and a 30% higher transfusion rate [4]. Given these risks, 
one should outweigh whether it is safe to plan surgery, or to delay surgery such that 
antiplatelet drugs can be discontinued. Moreover, in case of urgent surgery, the risk 
of bleeding due to antiplatelet therapy should be quantified. Surgeries are classed as 
low, intermediate, or high risk of bleeding depending on the vasculature involved 
and the transfusion requirements.

Cardiac surgery is classified as an intermediate risk of bleeding, but most patients 
will be on at least aspirin for primary prevention of cardiac ischemia. A sizeable 
portion of patients will be taking dual antiplatelet agents for secondary prevention 
after a previous cardiac event or intervention. Other factors that increase the bleed-
ing risk are described in a previous chapter [27].

Recent European guidelines provided multiple recommendations on antiplatelet 
drug use in cardiac surgery [12, 28]. They recommend continuing aspirin unless the 
patient is at particularly high risk of bleeding, in which case, aspirin should be 
stopped at least 5 days before surgery. For patients on DAPT, ticagrelor, clopido-
grel, and prasugrel should be stopped 3, 5, and 7 days prior to surgery, respectively. 
GPIIb/IIIa inhibitors should be discontinued at least 4 h prior to surgery. Obviously, 
in emergency surgery you should proceed to surgery and anticipate the higher risk 
of bleeding.

�Thrombotic Risk

The thrombotic risk of cessation of antiplatelet therapy before cardiac surgery 
depends on the initial indication for antiplatelet use and the current cardiovascular 
status of the patient. Most patients will be taking antiplatelet agents for either pri-
mary or secondary prevention of cardiovascular disease, or cerebrovascular disease 
or peripheral vascular disease. However, patients that will present the greatest chal-
lenge will be those taking DAPT for secondary prevention of further ischemic car-
diac events, especially following coronary stent implantation. Discontinuing these 
agents before surgery increases the risk for thrombosis from rebound platelet activa-
tion. In the context of coronary stents, thrombosis may occur within stents, leading 
to potential stent failure and myocardial ischemia. Figure 6.2 shows the consider-
ations that need to be made before DAPT discontinuation. The thrombotic risk of 
cessation of aspirin is lower than for DAPT.

These factors then need to be considered in those undergoing cardiac surgery. 
If a stent has not been inserted, surgery will address coronary ischemia. However, 
if the stented vessels are not being addressed, then the risk of thrombosis from 
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discontinuing DAPT needs to be considered. DAPT has also been shown to 
improve graft patency in patients undergoing coronary artery bypass surgery. 
Therefore, the ACC/AHA guidelines recommend DAPT postoperatively for 
12 months [9].

European guidelines recommend bridging therapy for patients at high risk of 
thrombosis, including patients with mechanical heart valves, atrial fibrillation 
with rheumatic heart disease, an acute thrombotic event in the previous 4 weeks, 
and/or atrial fibrillation with a CHA2DS2Vasc score of >4. Most of these patients 
will be on other anticoagulants, and bridging therapy will therefore consist of 
unfractionated or low-molecular weight heparins, cangrelor, or glycoprotein IIb/
IIIa inhibitors.

�Implications for Daily Practice

Antiplatelet drug use is common given the number of indications and the benefit of 
their use. However, their use perioperatively carries the risk of bleeding if continued 
intra-operatively and thrombosis if discontinued before surgery. These risks are 
amplified during dual antiplatelet therapy.

Bridging therapy can include short-acting antiplatelet agents, such as tirofiban 
and eptifibatide. Antiplatelet agents have transformed the treatment of acute coro-
nary syndromes and the postoperative management of coronary artery bypass graft 
patients. Appropriate use must be balanced by the risk of thrombosis versus hemor-
rhage and side effects. Devices such as platelet aggregometry exist to measure 
platelet inhibition levels, and might be used to assess the risk of individual patients. 
The correct timing for when to stop and restart therapy is discussed in the next 
chapters.

What was the indication for DAPT?

Which P2Y12 receptor was inhibited?

When was DAPT started?

What is the intended duration of DAPT?

What type of stent is implanted?

Is bridging feasible?

Fig. 6.2  Considerations that need to be made before cessation of dual antiplatelet therapy
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