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INTRODUCTION

Cardiovascular (CV) disease is the leading cause
of death worldwide, and coronary artery disease
(CAD) is the most common type of CV disease.1

Yet, up to 20% to 30% of patients presenting
with chest discomfort characteristic of angina
show no signs of obstructive CAD, defined as
50% or more stenosis in at least 1 major coronary
artery, on angiography.2 These patients are often

given noncardiac diagnoses such as gastrointes-
tinal or psychiatric disorders.3 However, evidence
of electrocardiographic (ECG) and metabolic ab-
normalities during stress induced by right atrial
pacing in a subset of these patients led to the
designation of a new disorder by Harvey Kemp in
19734 named cardiac syndrome X (CSX).

CSX can be defined broadly as anginalike chest
discomfort, with normal epicardial coronary
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KEY POINTS

� Up to 20% to 30% of patients presenting with chest discomfort characteristic of angina show no
obstructive coronary artery disease (CAD), defined as 50% or more stenosis in at least 1 major
coronary artery, on angiography.

� The lifetime cost of health care for a woman with chest pain and no obstructive CAD is estimated at
approximately $1 million as a result of challenges in diagnosis and treatment.

� To diagnose cardiac syndrome X, noncardiac causes, large vessel coronary disorders, and coro-
nary microvascular dysfunction with associated myocardial disease must be ruled out.

� The proposed theories for the underlying pathogenesis of cardiac syndrome X include coronary
microvascular dysfunction and associated ischemia, abnormal cardiac pain sensitivity, or a combi-
nation of both.

� Treatment strategies include anti-ischemic medications, analgesic medications, nonpharmaco-
logic procedures, and lifestyle modifications.
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arteries on angiography. A proposed more strict
definition of CSX entails the following criteria:

1. Exercise-induced, anginalike chest discomfort
2. ST segment depression during angina
3. Normal epicardial coronary arteries at

angiography2

4. No spontaneous or inducible epicardial coro-
nary artery spasm on egonovine or acetylcho-
line provocation

5. Absence of cardiac or systemic diseases asso-
ciated with microvascular dysfunction, such as
hypertrophic cardiomyopathy or diabetes5

There are several groups of patients who have
anginalike chest pain and normal coronary ar-
teries at angiography but fail to meet one of
these criteria. Examples of these patients include
those with angina predominantly at rest, those
with diabetes or hypertension, or those with
lack of ST depression on ECG during angina. It
remains unclear whether the pathogenesis of
angina in these patients is the same as in pa-
tients who fall under the strict definition of CSX.
Throughout the scientific literature, the broad
and strict definitions of CSX are used variably,
reflecting the mystery that has historically sur-
rounded the syndrome.6

EPIDEMIOLOGY

What is known is that CSX is relatively more
prevalent in women. In a study of 32,856 patients
presenting for their first cardiac catheterization
with suspected ischemic heart disease,7 23.3%
of women versus 7.1% of men were found to
have normal coronaries after angiography.
Another study8 found that among 886 patients
who were referred for chest pain and subse-
quently underwent angiography, a diagnosis of
normal coronary arteries was more than 5 times
more common in women than men (41% vs
8%). Furthermore, women who were peri-
menopausal or postmenopausal were found to
have an increased risk of angina with no obstruc-
tive CAD.5 A study of 99 patients with CSX9

showed that the mean age of diagnosis was
48.5 years and that 61.5% of women were
postmenopausal.
Individuals with CSX have a higher likelihood of

presenting with features of the metabolic syn-
drome (eg, hypertension, dyslipidemia, and insulin
resistance) than the general population (30% vs
8%, respectively). In addition, these patients
have been shown to have a greater amount of
endothelium-dependent and endothelium-
independent impairment of cutaneous microvas-
cular function compared with healthy controls.10

PROGNOSIS

For many years, it was believed that CSX had a
benign prognosis. One study9 followed 99 patients
with CSX for an average of 7 years and showed no
significant decline in ventricular function. In
another study of 1491 patients with anginal symp-
toms and normal coronary arteries (no major
epicardial artery with >25% stenosis),11 myocar-
dial infarction–free survival rates were 99% at
5 years and 98% at 10 years. In 486 patients
with angina and no obstructive CAD (no major
epicardial artery with �75% stenosis), myocardial
infarction–free survival rates were 97% at 5 years
and 90% at 10 years. A study12 of 7-year survival
in patients with symptoms suggestive of CAD but
showing a normal or near-normal coronary arterio-
gram (<50% stenosis in �1 epicardial arteries)
showed survival rates of 96% and 92%, respec-
tively, in these 2 subpopulations.
However, recent evidence has challenged the

assumption that anginalike pain without obstruc-
tive CAD is a benign condition. In the WISE
(Women’s Ischemia SyndromeEvaluation) study,13

5-year annualized event rates for CV events were
16.0% in 222 symptomatic women with nonob-
structive CAD (stenosis in any coronary artery of
1%–49%), 7.9% in 318 symptomatic women with
normal coronary arteries (0% stenosis in all coro-
nary arteries), and 2.4% in 5932 asymptomatic
women. CV events included myocardial infarction,
hospitalization for heart failure, stroke, cardiac
mortality, and all-cause mortality. Recent reports
fromEuropeandCanada14,15 replicate this adverse
prognosis. In addition, some subsets of patients
tend to have poorer prognoses than others. In 1
study,16 13 of 22 symptomatic patients with normal
coronary angiograms and endothelial dysfunction
assessed through acetylcholine-mediated dilata-
tion developed CAD when followed for greater
than 10 years. In contrast, 20 of 20 symptomatic
patients with normal coronary angiograms and no
endothelial dysfunction showed resolution of chest
pain 6 to 36 months after angiography. Impaired
coronary vasomotor response to acetylcholine
has also been independently linked to earlier CV
events regardless of CAD severity.17

Furthermore, CSX remains a major diagnostic
and therapeutic challenge causing significant dete-
rioration in a patient’s functioning and quality of life.
Diagnosis of CSX requires an extensive workup to
rule out other potential causes of chest pain and
can be expensive. Treatment with conventional
antianginal medications is often not successful,
which results in patients being limited in their daily
activities, seeking emergency care for their chest
pain, and needing to take time off or abandon their
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