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PREVENTING ATHEROTHROMBOSIS IN CAD: HOW WOULD
YOU TREAT?

LITERATURE REVIEW

Coronary artery disease (CAD) is a slowly developing, deadly disease that affects millions of people
around the world. Risk factors for CAD include older age, male sex, a family history of the heart
disease, smoking, hypertension, hyperlipidemia, diabetes, overweight and obesity, high stress, and a
poor diet. CAD develops over many years: atherosclerosis describes the process in which the body
attempts to repair damage to the inside of the arteries (often caused by the aforementioned risk factors)
by depositing cholesterol and other materials at the site of injury. As deposits accumulate in the
coronary arteries, oxygen-rich blood flow to the heart is impacted; this eventually leads to symptoms
such as angina pectoris or dyspnea. A complete blockage in an artery leading to the heart causes a
myocardial infarction (MI).1 According to the World Health Organization, cardiovascular diseases
(CVDs) are the leading cause of death globally. The WHO includes several conditions under the
umbrella of CVDs; however, of the 17.9 million deaths attributed to CVDs in 2016, 85% were caused
by an MI.2

For a long time, CAD was understood as a disease that caused exercise- and stress-related chest pain
because of arterial narrowing (ie, ≥ 50% in the left main coronary artery and ≥ 70% in ≥ 1 of the major
coronary arteries); however, the most recent European Society of Cardiology (ESC) guidelines on CAD
consider not only arterial narrowing, but also microvascular dysfunction and coronary vasospasm in the
diagnostic process.3

Peripheral Artery Disease (PAD)

Patients with atherosclerotic CVDs, such as CAD, cerebrovascular disease, and PAD, have arteries that
have become narrow and hardened over time. Atherosclerosis occurs when the inside of an artery is
damaged and the body attempts to repair the artery by depositing cholesterol and other materials at the
site of injury.4 Secondary thrombotic events, such as MI, transient ischemic attack (TIA), stroke, or
cardiovascular (CV) death, occur when an atherosclerotic lesion is disrupted and a thrombus forms;
known as atherothrombosis, this is the leading cause of death in the industrialized world.5, 6

It may be helpful for clinicians to think about CAD, cerebrovascular disease, and PAD as a single
disease that affects different areas of the vasculature. Patients with CAD experience angina that may
progress to an MI. Patients with cerebrovascular disease experience a TIA ("unstable angina" in the
brain) that may be followed by a stroke ("MI" in the brain), and patients with PAD experience
intermittent claudication ("unstable angina" of the lower limbs) followed by gangrene ("MI" of the
limbs).5

In PAD, atherosclerosis in the arteries leading to the extremities causes decreased blood flow to the
limbs, and this almost always occurs in the lower extremities.7 Patients with PAD who are active
typically have muscle pain or cramping in the hips, thighs, or calves while walking or exercising8 a
condition called claudication; these symptoms are relieved by rest. Other symptoms that may indicate
PAD include leg numbness or weakness, a cold sensation in the lower leg or foot, changes in the color
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of the legs, slower hair growth on the legs, slower toenail growth, weak pulses in the legs or feet, and
erectile dysfunction in men. In advanced cases, patients may have leg pain even at rest or while lying
down. Lifestyle measures that can improve the symptoms of PAD include quitting smoking, exercising,
and consuming a healthy diet.4, 5

Moderate to severe PAD causes diminished or absent peripheral pulses, and when the foot is below the
level of the heart, it may be a dusky red color. In some cases, elevating the foot causes color loss and
pain. Edema is typically not present. Chronic PAD can cause thin, pale skin with thinning hair or hair
loss. The feet and legs may feel cool, or the affected leg may sweat excessively and become cyanotic.
As PAD progresses, patients may develop ulcers on the toes or heel, especially after local trauma. The
ulcers may be surrounded by black tissue (dry gangrene). It is common for these ulcers to become
infected (wet gangrene) and cause progressive cellulitis.7

DIAGNOSIS

Clinicians should take a careful medical history when assessing and diagnosing CAD. In many cases,
CAD may be diagnosed based on history alone, but a physical exam and laboratory testing may be
necessary for confirmation. These tests are also useful for assessing the severity of disease. Patients
with CAD typically feel angina near the sternum and may describe it as pressure, tightness, or
heaviness. Patients may have dyspnea and may also experience nonspecific symptoms such as fatigue,
nausea, or restlessness. In typical angina, these symptoms appear with exertion or stress and usually last
<10 minutes. In atypical angina, similar symptoms occur, but these may or may not be provoked by
stress or exercise. Both typical and atypical angina may respond to nitrate therapy (see below).3

Many of the tests used to diagnose CAD also provide prognostic information. The first step in diagnosis
involves basic laboratory testing, which may include some or all of the following: troponin
measurements to rule out myocardial necrosis, a complete blood count to exclude anemia and infection,
a fasting lipid profile to assess hyperlipidemia, a fasting plasma glucose and glycated hemoglobin A1C
to confirm/exclude diabetes, liver function tests, creatinine measurement and creatinine clearance to
assess renal function, thyroid function testing, and B-type natriuretic peptide (BNP)/N-terminal pro
BNP (NT-proBNP) testing in patients who may have heart failure (HF). Other important initial tests
include resting electrocardiography (ECG) with the possibility for ambulatory ECG, resting
echocardiography (especially in patients with signs of HF), and chest radiography (in patients with
suspected HF and those with pulmonary issues).3

A physical exam can provide information about hypertension, anemia, valvular heart disease,
hypertrophic obstructive cardiomyopathy, and arrhythmias. It is also important to calculate body mass
index (BMI) and investigate the possibility of noncoronary vascular disease. Specific tests to evaluate
cardiac function (eg, stress testing, coronary imaging) are performed as part of risk assessment. Since
patients with CAD are often seen by general practitioners, it is recommended that clinicians use a
well-validated prediction rule. This rule has 5 components that are each worth 1 point: age/sex (male ≥
55 years or female ≥ 65 years), known vascular disease, patient assumes pain is of cardiac origin, pain
worsens during exercise, and pain is not reproducible by palpation. This rule has good accuracy at ruling
out CAD (≤ 2 points). Other symptoms can aid in diagnosis: CAD is more likely in patients who have
pain radiating to the left arm, known HF, and diabetes mellitus, whereas patients who are coughing or
experiencing stinging pain are less likely to have CAD.3

TREATMENT
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Management of patients with CAD includes lifestyle modifications, control of risk factors,
pharmacologic therapy, and patient education to alleviate symptoms and improve prognosis.
Recommended lifestyle modifications include smoking cessation, consuming a healthy diet, performing
regular physical activity (perhaps as part of a structured cardiac rehabilitation program), control of body
weight, and management of comorbid conditions (eg, hyperlipidemia, hypertension, diabetes,
depression). Routine preventive vaccinations should also be provided, especially for older patients.3

A stepwise approach is recommended for the management of patients with suspected CAD. First, the
clinician should determine the probability that the patient has CAD and then use noninvasive testing to
establish a diagnosis. The clinician should then begin optimal medical therapy. Risk stratification is
used to determine those patients who may require invasive procedures/revascularization. Based on
exercise stress ECG, ischemia imaging, or coronary computed tomography angiography (CTA),
clinicians should categorize patients as "low event risk" (CV mortality <1%/year), "intermediate event
risk" (CV mortality ≥ 1% but < 3%/year), or "high event risk" (CV mortality ≥ 3%/year). Patients at
low event risk should receive a trial of optimal medical therapy. Patients at intermediate event risk
should receive optimal medical therapy and possibly invasive coronary angiography depending on the
patient's comorbidities and preferences. Patients at high event risk should have invasive coronary
angiography (plus fractional flow reserve testing if indicated), as well as revascularization if
appropriate, and optimal medical therapy. Regardless of a patient's risk category, a lack of
improvement in symptoms indicates that therapy should be intensified or that further testing (eg,
invasive coronary angiography) is warranted.3

Pharmacologic Therapies

Optimal medical therapy encompasses anti-ischemic drugs to control the symptoms of chest pain and
pressure and drugs to reduce the risk of thrombotic events. The ESC guidelines recommend
short-acting nitrates for angina relief as well as first-line treatment with beta-blockers or calcium
channel blockers (CCBs) to control heart rate and symptoms. Second-line treatment may involve
long-acting nitrates, among others, depending on the patient's heart rate, blood pressure, and tolerance.
To prevent thrombotic events, low-dose aspirin or clopidogrel is recommended, along with statin
therapy for all patients with stable CAD.3 Angiotensin-converting enzyme (ACE) inhibitors should be
considered in patients with stable CAD to prevent or delay the onset of HF and should be prescribed for
patients with comorbidities (eg, HF, hypertension, or diabetes).3, 9

Anti-Ischemic Drugs

This class of agents includes short-acting nitrates for acute angina induced by physical effort.
Short-acting nitroglycerin is available in tablets or sprays and is taken sublingually. The patient should
rest while sitting down during an angina attack. Nitroglycerin can also be taken in advance when angina
is likely to occur (ie, before physical or sexual activity or in cold weather). Long-acting nitrates are
available for prophylaxis; however, during long-term therapy with these agents, the patient must have an
8- to 10-hour nitrate-free period to avoid developing tolerance that makes this therapy ineffective. In
one placebo-controlled study, exercise duration improved significantly for 6-8 h after single oral doses
of isosorbide dinitrate, a long-acting nitrate, but for only 2 h when the same doses were given
repetitively 4 times daily. Common adverse effects associated with nitrates include headache and
hypotension as well as the potential for serious drug-drug interactions (eg, with phosphodiesterase 5
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inhibitors).3

Beta-Blockers

Beta-blockers act directly on the heart and are used to reduce heart rate, contractility, atrioventricular
condition, and ectopic activity. Though evidence from placebo-controlled trials is lacking, beta-blockers
may have protective effects in patients with CAD. Beta-blockers are useful for controlling
exercise-induced angina, improving exercise capacity, and limiting ischemic episodes, and they have
demonstrated positive effects in patients post-MI and in those with HF.3 American Heart Association
(AHA)/American College of Cardiology Foundation (ACCF) guidelines recommend only carvedilol,
metoprolol sustained-release, or bisoprolol as these have a proven mortality benefit.10 Common side
effects of beta-blockers include fatigue, depression, bradycardia, bronchospasm, peripheral
vasoconstriction, and postural instability.3

Calcium Channel Blockers (CCBs)

CCBs increase vasodilation and reduce peripheral vascular resistance. Nondihydropyridine CCBs (eg,
verapamil and diltiazem) slow the heart rate to relieve angina. These agents should not be routinely used
in combination with beta-blockers due to a risk of heart block. Dihydropyridine CCBs (eg, long-acting
nifedipine, amlodipine) are very useful in patients with hypertension and angina, especially when
combined with beta-blocker therapy. In ACTION, a large placebo-controlled trial in patients with stable
CAD, long-acting nifedipine was safe and reduced the need for coronary angiography and
cardiovascular interventions. Common adverse effects include headache and ankle edema.3

Ivabradine

This agent selectively inhibits the I(f) pacemaker current to decrease myocardial oxygen demand as it
lowers the heart rate. The European Medicines Agency (EMA) approved ivabradine for chronic stable
angina in patients who are not helped by or are intolerant to beta-blockers and whose heart rate is >60
bpm. In Europe, it may be used as monotherapy or in combination with beta-blockers. Common side
effects include visual disturbances, headache, dizziness, bradycardia, and atrial fibrillation.3

Therapies to Reduce the Risk of Thrombotic Events

Antiplatelet therapies are used to prevent the formation of a coronary thrombus, but these therapies do
increase bleeding risk. Low-dose aspirin (75 to 150 mg/day) is the therapy of choice, but clopidogrel
may be used for patients who are intolerant of or allergic to aspirin.3

P2Y12 inhibitors (eg, clopidogrel, prasugrel, ticagrelor, cangrelor) inhibit platelet aggregation by
antagonizing the platelet adenosine diphosphate (ADP) receptor P2Y12. The CAPRIE trial
demonstrated an overall benefit of clopidogrel vs aspirin in preventing CV events in > 19,000 patients
with previous MI, previous stroke, or peripheral vascular disease.3 Specifically, an intention-to-treat
analysis showed that patients treated with clopidogrel had an annual 5.32% risk of ischemic stroke, MI,
or vascular death, compared with 5.83% with aspirin, reflecting a reduction in relative risk of 8.7% in
favor of clopidogrel (95% confidence interval [CI]: 0.3%, 16.5%; P =.043). A corresponding
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on-treatment analysis yielded a relative risk reduction of 9.4%. There were no major differences in
terms of safety.11 A weakness of the CAPRIE results is that the CI was just clear of the neutral value
and the results varied according to the 3 diagnostic strata that were considered: while clopidogrel
yielded a risk reduction of 23.8% in patients with symptomatic PAD, and 7.3% in those with recent
ischemic stroke, aspirin produced a 3.7% risk reduction compared with clopidogrel in those with a
recent MI.12 Furthermore, the aspirin dose (325 mg) used in the trial may not be a safe dose. European
guidelines recommend clopidogrel as second-line therapy.3

The PEGASUS-TIMI 54 trial compared ticagrelor to placebo in patients who were also receiving
aspirin therapy to assess the potential benefit of dual antiplatelet therapy (DAPT) beyond 1 year after
an MI. The trial enrolled 21,162 patients who had experienced an MI 1 to 3 years previously and
randomly assigned then to receive ticagrelor 90 mg twice daily, ticagrelor 60 mg twice daily, or
placebo. The study's primary endpoint was the composite of CV death, MI, or stroke, and the primary
safety endpoint was major bleeding. Both ticagrelor doses reduced the primary endpoint vs placebo,
with Kaplan-Meier rates at 3 years of 7.85% in the group that received ticagrelor 90 mg, 7.77% in the
group that received ticagrelor 60 mg, and 9.04% in the placebo group (hazard ratio [HR] for 90 mg of
ticagrelor vs placebo, 0.85; 95% CI: 0.75, 0.96; P =.008; HR for 60 mg of ticagrelor vs placebo, 0.84;
95% CI: 0.74, 0.95; P =.004). Major bleeding rates were higher with ticagrelor vs placebo (2.60% for
the 90-mg dose and 2.30% for the 60-mg dose vs 1.06% for placebo; P < .001 for each dose vs
placebo).13 One study limitation is that > 10% of patients receiving ticagrelor discontinued treatment
during the trial, primarily due to dyspnea. A subgroup analysis from PEGASUS-TIMI 54 showed that
patients with prior MI with PAD derived a larger benefit from ticagrelor than did the overall population
studied.14

DAPT with a P2Y12 inhibitor and aspirin is the standard of care for patients with ACS or for patients
with CAD who have undergone percutaneous coronary intervention. Due to increased bleeding events
seen in post hoc analyses of DAPT clinical trials, the ESC states that combined antiplatelet therapy may
be beneficial for select patients at high risk for ischemic events, but it is not systematically
recommended for all patients with CAD.3

The most recent (2016) ESC HF guidelines state that there is no evidence that oral anticoagulants
reduce mortality compared with placebo or aspirin, except in patients with atrial fibrillation. The
guidelines note that studies in patients with HF with reduced ejection fraction are ongoing.9

Non-Vitamin K Antagonist Oral Anticoagulants (NOACs)

Rivaroxaban is a factor Xa inhibitor. In Europe, it is indicated in combination with aspirin or with
aspirin plus clopidogrel or ticlopidine to prevent atherothrombotic events in adults following an ACS
with elevated cardiac biomarkers. It is also indicated in combination with aspirin to prevent
atherothrombotic events in adults with CAD or symptomatic PAD at high risk of ischemic events.15 In
the United States, rivaroxaban is approved to reduce the risk of stroke and systemic embolism in
patients with nonvalvular atrial fibrillation, to treat deep venous thrombosis (DVT) and pulmonary
embolism (PE), to reduce the risk of recurrent DVT and/or PE, and for DVT prophylaxis following hip
or knee replacement surgery. In October 2018, rivaroxaban 2.5 mg twice daily, given in combination
with aspirin, received a new indication to reduce the risk of major CV events in patients with CAD or
PAD. It carries black box warnings for epidural and spinal hematomas as well as a warning that
premature discontinuation can increase the risk of thrombotic events.16
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In the COMPASS trial, investigators compared rivaroxaban monotherapy, rivaroxaban plus aspirin, and
aspirin monotherapy in patients with stable atherosclerotic vascular disease. The trial enrolled 27,395
patients who were randomized to treatment with rivaroxaban 2.5 mg twice daily plus aspirin 100 mg
daily, rivaroxaban 5 mg twice daily, or aspirin 100 mg once daily. The primary outcome was the
composite of CV death, stroke, or MI, and this outcome occurred in 379 patients (4.1%) in the group
receiving rivaroxaban plus aspirin vs 496 patients (5.4%) in the group treated with aspirin monotherapy
(HR 0.76; 95% CI: 0.66, 0.86; P < .001). The study was halted after a mean follow-up of 23 months
due to the superior results in the rivaroxaban-plus-aspirin group. There were more major bleeding
events in the rivaroxaban-plus-aspirin group than in the aspirin monotherapy group (3.1% vs 1.9%; HR
1.7; 95% CI: 1.40, 2.05; P < .001). The authors concluded that patients treated with dual therapy had
better CV outcomes but more major bleeding events than patients who received aspirin monotherapy.
Rivaroxaban 5 mg twice daily did not improve CV outcomes compared with aspirin monotherapy and
caused more bleeding. One limitation of COMPASS is that although most patients were taking proven
secondary prevention therapies, and blood pressure and total cholesterol levels were serially recorded
during the study, statin use and low-density lipoprotein cholesterol levels were not recorded at baseline,
and the protocol did not specifically emphasize aggressive use of secondary prevention therapies to
lower blood pressure and cholesterol levels.17

A separate analysis from the COMPASS trial looked at results in 7470 patients with PAD. The primary
outcome was the composite of CV death, stroke, or MI, and the primary PAD outcome was major
adverse limb events (including major amputation). Rivaroxaban plus aspirin reduced the primary
endpoint vs aspirin alone (126 patients [5%] vs 174 patients [7%]; HR 0.72; 95% CI: 0.57, 0.90; P
=.0047) as well as major adverse limb events (32 patients [1%] vs 60 patients [2%]; HR 0.54; 95% CI:
0.35, 0.82, P =.0037). Rivaroxaban 5 mg twice a day compared with aspirin alone did not significantly
reduce the primary endpoint.18

The recent COMMANDER HF trial also investigated rivaroxaban treatment in patients with HF and
underlying CAD. Participants in this double-blind, randomized trial had chronic HF, a left ventricular
ejection fraction of ≤ 40%, CAD, and elevated concentrations of natriuretic peptides with no atrial
fibrillation. Trial results showed that the 2.5-mg dose of rivaroxaban twice daily in addition to standard
of care did not significantly lower the rate of death, MI, or stroke, which was the primary efficacy
endpoint, in this patient population. Over a median follow-up period of 21.1 months, this endpoint
occurred in 25.0% of patients assigned to rivaroxaban and in 26.2% assigned to placebo (HR 0.94; 95%
CI: 0.84, 1.05; P =.27). However, all of the patients had recently been treated for an episode of
worsening HF. Thus, rivaroxaban treatment may still be an option in patients with CAD and HF who
are not suffering an HF exacerbation. In this trial, the primary safety outcome of fatal bleeding or
bleeding into a critical space occurred in 18 patients who received rivaroxaban vs 23 patients who
received placebo.19

Apixaban is a factor Xa inhibitor that is indicated in Europe to treat and to prevent venous
thromboembolic events in adults who have had hip or knee replacement surgery and to prevent stroke
and systemic embolism in adults with nonvalvular atrial fibrillation.20 In the United States, it is
approved to reduce the risk of stroke and systemic embolism in adults with nonvalvular atrial
fibrillation, to treat DVT and PE, and to reduce the risk of recurrent DVT and PE. It carries black box
warnings for epidural and spinal hematomas as well as a warning that premature discontinuation can
increase the risk of thrombotic events.21

The APPRAISE-2 trial was set to investigate whether apixaban 5 mg twice daily plus antiplatelet
therapy could reduce recurrent ischemic events in patients following an acute coronary syndrome
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(ACS). This placebo-controlled trial was halted early because of an increase in major bleeding events
without a corresponding reduction in recurrent ischemic events. A total of 7392 patients were recruited
before the study ended, and at a median follow-up of 241 days, the primary outcome of CV death, MI,
or stroke had occurred in 7.5% of patients receiving apixaban and 7.9% of patients receiving placebo
(HR with apixaban 0.95; 95% CI: 0.80, 1.11; P =.51). Major bleeding occurring in 1.3% of patients
receiving apixaban and 0.5% of patients receiving placebo (HR with apixaban 2.59; 95% CI: 1.50, 4.46;
P =.001). The early termination of the study limited the certainty of the conclusions that could be drawn
about apixaban's efficacy.22

Follow-Up and Monitoring

Patients with stable CAD should have follow up visits every 4 to 6 months in the first year after therapy
is initiated. These visits are often handled by a general practitioner, who should take a thorough history
and perform laboratory testing. If necessary, patients can be referred back to a cardiologist. An annual
resting ECG is recommended, with an exercise ECG or stress imaging for new or recurring symptoms.3
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