
Ischemic heart disease is the leading
cause of death in the United States1 and
angina pectoris is a common symptom of

this disease.2,3 “Angina” is used to describe
clinical symptoms such as discomfort in the
chest, jaw, shoulder, back, or arms that are
induced by physical exertion or emotional
stress and subside with rest or treatment
with nitroglycerin.4 Some patients do not ex-
perience discomfort but complain of breath-
lessness or tire with activity. These symptoms
are the result of underlying myocardial
ischemia and are sometimes called anginal
equivalents.

The American Heart Association (AHA)
estimates that 6.8 million Americans suffer
from angina and that 400 000 new patients
present with stable angina each year.1

Significantly more women have the condi-
tion than men, both in total numbers and as
an age-adjusted percentage.1 Angina limits
normal daily activities; thus, it has a negative
impact on quality of life (QOL). It has been
shown that 1 year after coronary revascular-
ization, roughly one third of patients with
angina are not able to return to work.5 Not
surprisingly, the societal impact and econom-
ic costs of angina are staggering. In the Amer-
ican College of Cardiology (ACC)/AHA 2002

Guideline Update for the Management of Pa-
tients with Chronic Stable Angina, Gibbons
and colleagues state, “angina affects many
millions of Americans with associated annu-
al costs that are measured in tens of billions
of dollars.”4

Angina treatment involves a number of
strategies.4 In general, the first step in angi-
na management includes assessing patient
risk factors, such as smoking, hypertension,
dyslipidemia, diabetes mellitus, obesity, and
physical inactivity. While alterations in these
risk factors may improve symptoms and
reduce cardiac events, the majority of pa-
tients with chronic stable angina require
specific antianginal medications. It is recom-
mended that beta-adrenergic blocking drugs
be used as first-line therapy for patients with
angina because these agents have been shown
to have cardioprotective effects.4 Other stan-
dard therapies for chronic angina include
calcium channel blocking agents and organ-
ic nitrates,4 but such medical therapy often
does not provide adequate symptomatic re-
lief. A number of novel therapies are directed
at angina treatment, including new pharma-
cologic agents, gene therapy, enhanced ex-
ternal counterpulsation (EECP), spinal cord
stimulation, and innovations in revascular-
ization therapy. This article reviews the
classification of angina pectoris and briefly
describes standard and novel treatment
strategies for this debilitating health problem.

Understanding Angina. Whereas there has
been considerable research regarding angina,
the exact mechanism of pain perception in
patients with myocardial ischemia is still
poorly understood. However, cardiac ischemic
discomfort may be perceived in the heart,
chest wall, arms, and back because of the
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Abstract
Angina pectoris is a debilitating indication of the

presence of ischemic heart disease that affects mil-
lions of Americans. Although a number of pharma-
cologic treatments are available, the annual number
of revascularization surgeries continues to rise in the
United States. Other management strategies, such as
spinal cord stimulation, enhanced external counter-
pulsation, metabolic modulators, and gene therapy,
are being explored.
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close proximity of the spinal nerve receptors
to these areas.6 Chest pain caused by
myocardial ischemia is classified as stable or
unstable angina.4 Patients with unstable angi-
na have a much higher risk of acute cardiac
events than patients with stable angina pec-
toris. Such risk can be further stratified as
low, moderate, or high, depending on the fre-
quency and severity of pain and on the pres-
ence of certain electrocardiographic
abnormalities. Unstable angina is commonly
described based on the way it presents. This
includes new onset angina or angina that has
increased in frequency and severity despite
medical therapy, or angina that occurs at rest
(Table 1). Angina is frequently defined using
Canadian Cardiovascular Society (CCS)
functional class (Table 2),7 a system that has
been used for more than 3 decades. In 2002,
a new CCS definition for grade IV angina was
suggested that includes a set of detailed activ-
ities, “angina occurs while walking less than
1 block…or while walking in the house, or
doing light chores or personal care” rather
than the previous description: “Inability to
carry on any physical activity without dis-
comfort—anginal symptoms may be present
at rest.”8 While other grading systems have
been defined, the CCS functional classifica-
tion has been the most widely used by clini-
cians and investigators.

Treatment of Angina Pectoris. Decreas-
ing the frequency and severity of angina
improves QOL for patients with angina. Al-
though smoking cessation, weight control,
stress management, moderate exercise, and
appropriate management of hypertension,
dyslipidemia, and diabetes mellitus may
reduce symptoms and ischemic events,
pharmacotherapy with antianginal agents is
usually required. Beta-adrenergic blocking
agents, calcium channel blocking agents,
and short- and long-acting nitrates are the
foundation of medical therapy for patients
with chronic angina.4 Although each has a
different mechanism of action, these agents
have multiple effects that tend to decrease
cardiac workload and, therefore, lower myo-
cardial energy requirements and/or increase
coronary blood flow or improve its distribu-
tion. These effects help lessen the mismatch
between myocardial oxygen requirements

and oxygen supply. Unfortunately, many
patients require more than 1 drug to control
symptoms,9 and patients with comorbid con-
ditions often require a host of other medica-
tions as well. Indeed, a variety of agents,
including antiplatelet/antithrombotic agents,
angiotensin-converting enzyme inhibitors,
and lipid-lowering drugs, are important thera-
peutic adjuncts in the treatment of patients
with chronic angina.4 Ultimately, the poten-
tial for adverse drug interactions and side
effects associated with polypharmacy may
limit the ability of a patient with chronic an-
gina to tolerate appropriate medical therapy. 

Beta-adrenergic blocking agents are rec-
ommended as first-line therapy in the
ACC/AHA guidelines.4 These drugs, however,
have absolute or relative contraindications
in patients with asthma, chronic obstructive
pulmonary disease, severe peripheral vascu-
lar disease, and in some patients with diabetes
mellitus. In such cases, calcium channel
blocking agents are often prescribed and cer-
tain calcium channel blockers, such as the
dihydropyridines, may be associated with
flushing and peripheral edema.4 Diltiazem
has been associated with heart failure in
patients with abnormal left ventricular sys-
tolic function.10 Sublingual nitroglycerin, either
as a tablet or spray, is effective in the treat-
ment of acute episodes of angina and is also
beneficial for short-term prophylaxis. How-
ever, the oral and transdermal organic nitrate
preparations, although effective, are associat-
ed with the development of tolerance when
prescribed in a fashion designed to provide
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Table 1. Three Principal Presentations of Unstable Angina

Rest angina Angina occurring at rest and usually 
prolonged more than 20 minutes occurring 
within 1 week of presentation

New onset angina Angina of a least CCS III severity with onset 
within 2 months of initial presentation

Increasing angina Previously diagnosed angina that is distinctly 
more frequent, longer in duration, or lower 
in threshold (ie, increased by at least 1 CCS 
class within 2 months of initial presentation 
to at least CCS III severity)

CCS indicates Canadian Cardiovascular Society.
Source: Reference 4.



therapeutic effects for 24 hours each day.11 A
more detailed review of the efficacy of drug
therapy for management of chronic angina is
available in the ACC/AHA guidelines.4 Over-
all, using traditional therapies to manage pain
in patients with chronic angina is commonly
associated with inadequate symptom control,
poor tolerance, and limited compliance. The
treatment shortcomings for patients who suf-
fer from chronic angina have resulted in the
development of innovative therapies that are
now being studied.

New Pharmacologic Agents. Metabolic
modulators represent a potential new class
of drugs with a novel approach to the treat-
ment of angina symptoms in the United
States.12,13 In the presence of myocardial
ischemia, glucose oxidation is a more effi-
cient way of generating energy units adeno-
sine triphosphate than free fatty acid
oxidation.14 Unlike most current classes of
angina therapy, metabolic modulators may
be effective without depending on reduc-
tions in heart rate or blood pressure.13,15

Trimetazidine, a metabolic modulator
available outside of the United States, has
demonstrated anti-ischemic effects in a num-
ber of studies of patients with angina. The
drug has been shown to increase effort toler-
ance and to delay the appearance of ischemic

symptoms and electrocardiographic (ECG)
changes.12,14,16,17 In addition, patient safety
and tolerance with trimetazidine has been
good.18,19 The efficacy of trimetazidine has
also been demonstrated in patients with dia-
betes, who showed improved exercise capac-
ity and duration after 4 weeks of treatment.20

Left ventricular dysfunction has improved
during therapy with trimetazidine.21,22

Gene Therapy. Therapeutic angiogenesis
regimens have focused mainly on the admin-
istration of a single growth factor with select
isoforms of the vascular endothelial growth
factor (VEGF) and fibroblast growth factor
(FGF). At present, VEGF and FGF have been
the most extensively studied angiogenic
agents.23 Growth factor proteins may be
given directly or through gene-based ap-
proaches using naked plasmid deoxyribonu-
cleic acid or a viral vector that encodes the
gene so that it can be taken up by the recip-
ient endothelial cells. These endothelial cells
offer the potential for persistent expression
of the angiogenic gene.23,24 These agents may
be administered directly to the myocardium
by epicardial, endocardial, or intracoronary
injection. Some trials have shown beneficial
effects in patients with angina,24 but ade-
quately powered, randomized, placebo-con-
trolled clinical studies must be completed to
clarify the effectiveness of such therapy.

Enhanced External Counterpulsation.
EECP is another novel treatment for pa-
tients with ischemic heart disease who have
chronic angina and are unresponsive to
other therapies. EECP is carried out by
encircling the legs with compression devices,
inflating them during diastole to 300 mm Hg,
and deflating them during systole.25 This
unloads the left ventricle during ventricular
systole, and this augmentation of pressure is
thought to improve coronary blood flow dur-
ing diastole. In the only published random-
ized clinical trial of EECP,25 which involved
139 patients with class II to III angina, the
control group was treated by compressing
the lower extremities at 75 mm Hg, and the
experimental group was treated by com-
pressing the lower extremities at 300 mm Hg.
While clinical symptoms and treadmill exer-
cise times improved and a variable effect on
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Table 2. Grading of Angina Pectoris by the Canadian
Cardiovascular Society Classification System

Class I Ordinary physical activity, such as walking or climbing 
stairs, does not cause angina. Angina occurs with 
strenuous, rapid, or prolonged exertion at work or 
recreation.

Class II Slight limitation of ordinary activity. Angina occurs when 
walking or climbing stairs rapidly, walking uphill, walking 
or stair climbing after meals, in cold weather, in the wind, 
or under emotional stress, or only during the few hours 
after awakening. Angina occurs after walking more than 2 
level blocks and climbing more than 1 flight of ordinary 
stairs at a normal pace and under normal conditions.

Class III Marked limitations of ordinary physical activity. Angina 
occurs when walking 1-2 level blocks and climbing 
1 flight of stairs at a normal pace under normal conditions.

Class IV Inability to perform any physical activity without discomfort.
Symptoms of angina may be present at rest.

Source: Reference 7.



myocardial perfusion imaging studies was
reported, the absence of proper blinding
during this study makes the results un-
certain. The mechanisms thought to be
responsible for the improvement of symp-
toms include enhancement of endothelial
function, promotion of collateral flow, im-
provement in ventricular function, and
peripheral effects similar to those seen with
physical exercise.26 For EECP to be effective,
patients require daily in-clinic treatments over
several weeks, which is a schedule that might
be difficult for many patients to maintain.

Spinal Cord Stimulation. Spinal cord
stimulation, another proposed method for
pain relief in patients with angina, involves
placing a stimulating electrode in the dorsal
epidural space at the C7-T1 level. Although
the mechanism of action is complex and not
fully elucidated, it has been proposed that
spinal cord stimulation exerts beneficial
effects by decreasing pain and sympathetic
tone, yielding reductions in myocardial oxy-
gen consumption and improved myocardial
microcirculatory blood flow.27 Early results
with implanted spinal cord stimulators indi-
cate improvements in exercise duration,
time to angina, and perceived QOL.28 In
another trial, anginal symptoms decreased
even after discontinuation of therapy, per-
haps indicating a long-term, primary anal-
gesic effect of this treatment.29

Revascularization Strategies. Revascu-
larization strategies have expanded to include
new techniques for coronary artery bypass
grafting (CABG) and percutaneous coronary
intervention (PCI). Another approach is
transmyocardial revascularization (TMR).

CABG. The standard CABG procedure
revolutionized treatment of coronary artery
disease (CAD) in the 1960s and incorporates
midline sternotomy with cardiopulmonary
bypass. While traditional CABG procedures
are still in use, off-pump CABG has been
shown to reduce operative morbidity, opera-
tive mortality, and length of hospital stay
compared with on-pump CABG.30 More
recently, minimally invasive bypass tech-
niques that use a small, anterior thoracoto-
my have been developed as well. Although
the saphenous vein was the vessel of choice

for graft repair during the first 2 decades of
CABG surgery, long-term survival was shown
to be consistently higher when the internal
mammary artery was used.31 Since the late
1980s, arterial grafts from the internal mam-
mary, gastroepiploic, inferior epigastric, and
radial arteries have all been used for arterial
revascularization. Whether the CABG bene-
fits of increased QOL and decreased angina
frequency persist long term remains unclear
because data from some studies suggest that
these benefits subside over time.32,33

PCI. Advances in PCI technology have
had a significant impact on the way coro-
nary and vascular diseases are treated. The
introduction of percutaneous transluminal
coronary angioplasty by Gruentzig34 in the
late 1970s revolutionized the treatment of
CAD, even though outcomes were limited by
restenosis, dissection, and acute vessel clo-
sure. Later, coronary stents were shown to be
superior to balloon angioplasty,35,36 and each
year they are being used more often than
angioplasty alone. At present, there is a wide
range of stents, with the latest designs offer-
ing drug-eluting coatings with antiprolifera-
tive agents, such as sirolimus and paclitaxel.
In addition, stents that incorporate synthet-
ic coverings have been introduced to treat a
variety of lesions, including saphenous vein
grafts. A recent study, however, indicated no
benefit of the covered stent over a conven-
tional stent with respect to acute results,
restenosis, or clinical event rates.37 For
patients with angina seeking symptom relief,
the long-term benefits associated with PCI
and CABG remain to be determined.32,38,39

TMR. TMR involves the use of laser ener-
gy to create a series of transmural endo-
myocardial channels. There are 2 types of
procedures in use. The first, TMR, is per-
formed surgically using an epicardial ap-
proach, and, the second, percutaneous
myocardial revascularization, employs an
endocardial approach. Both procedures have
been associated with a reduction in angina
symptoms, improved exercise tolerance, and
enhanced QOL, although sham-controlled
trials do indicate evidence of a placebo effect
with these therapies.40 The basis for im-
provements reported with TMR remains
unclear. The initial hypothesis was that the
channels provided additional blood flow to
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the myocardium, but this no longer appears
to be the case. It has also been suggested
that clinical improvement may be secondary
to angiogenesis or to myocardial denervation.41

Discussion

Although there are many therapies availa-
ble to treat angina and many more being
studied, finding an effective solution that
relieves symptoms and improves QOL may
be difficult in some cases. Although a med-
ical management approach is preferable,
many patients remain symptomatic when
taking traditional antianginal agents, even
when multiple agents are taken. Failure of
medical management in patients with
refractory angina has led to the introduction
of more invasive treatments such as CABG
and PCI, although some reports seem to
indicate that these invasive procedures are
often considered before medical therapy has
been given an adequate trial.42

Surgical and percutaneous interventions
are costly, and many patients have comorbid
conditions that put them at high risk for such
procedures. Data from the latest Healthcare
Cost and Utilization Project indicate that the
mean charge for a CABG procedure is
$60 853 and $28 558 for PCI.1 Despite con-
cerns about long-term results, the number of
percutaneous interventions in the United
States has increased dramatically in the past
20 years. In 2001, an estimated 571 000 PCI
procedures were performed, representing a
266% increase over the number of proce-
dures performed in 1987.1

Although CABG and PCI may improve
angina in some patients, studies have shown
that within 1 year of a CABG procedure,
approximately 10% to 26%5,43-45 of patients
have recurrent pain and many require
antianginal medications.5,44,45 Similar results
have been seen with PCI—29% to 34%5,44,45 of
patients had their angina recur within 1 year,
and the majority of patients were still taking
antianginal medications.44,45 Fewer than 30%
of patients in a 5-year multicenter study
were working 5 years after coronary revas-
cularization and, at that time, more than
20% of patients rated their health as poor or
fair.5 The results of the Clinical Outcomes
Utilizing Revascularization and Aggressive
Drug Evaluation (COURAGE) trial, in which

aggressive medical therapy is being com-
pared with aggressive medical therapy plus
PCI, are expected to help delineate the use-
fulness of revascularization in patients with
angina.46

Conclusion

Angina is a serious, debilitating health
problem that signals the presence of CAD
and may foreshadow myocardial infarction
or stroke. While there have been consider-
able advances in medical management, sur-
gical and percutaneous revascularization
strategies, many patients remain sympto-
matic at substantial personal and societal
cost. Given the inadequacy of current med-
ical management and the expense and dis-
appointing long-term efficacy associated
with surgical and percutaneous revascular-
ization, further study of new treatments is
warranted.
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