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In women receiving evaluation for suspected ischemic symptoms, a “normal”
diagnosis is five times more common than it is in men. These women are often
labeled as having cardiac syndrome X, also known as microvascular angina (MVA).
MVA is defined as angina pectoris caused by abnormalities of the small coronary
arteries, and is characterized by effort chest pain and evidence of myocardial
ischemia with a non-invasive stress test, although the coronary arteries can ap-
pear normal or near normal by angiography. MVA patients are often neglected
due to the assumption of a good prognosis. However, MVA has important prog-
nostic implications and a proper diagnosis is necessary in order to relieve the pa-
tients’ symptoms and improve clinical outcomes. The coronary microvasculature
cannot be directly imaged using coronary angiography, due to the small diameter
of the vessels; therefore, the coronary microvascular must be assessed functional-
ly. Treatment of MVA initially includes standard anti-ischemic drugs (3-blockers,
calcium antagonists, and nitrates), although control of symptoms is often insuffi-
cient. In this review, we discuss the pathophysiology, diagnosis, and treatment of
MVA.
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INTRODUCTION

Clear gender differences exist between men and wom-
en in the context of cardiovascular disease. Although
women appear to have a lower risk of coronary artery
disease (CAD), the CAD process is delayed by 10 years
rather than avoided [1].

The symptom “chest pain” has many causes, which
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may be of cardiac or non-cardiac origin. Coronary
angiography is a tool used to determine whether chest
pain can be attributed to myocardial ischemia and to
diagnose CAD. However, when women with suspected
ischemic chest pain undergo coronary angiography, a
normal diagnosis is made five times more frequently in
women than in men [2]. Microvascular angina (MVA),
also known as cardiac syndrome X, is characterized by
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angina or chest pain, an abnormal stress test that indi-
cates myocardial ischemia, and an absence of obstruc-
tive CAD (a luminal diameter reduction of > 50% or >
70% of the luminal area reduction) on angiography [3].
It is well documented that there is a preponderance of
MVA in the female gender, and that it occurs predomi-
nantly in postmenopausal women [4]. MVA patients are
often diagnosed as having “non-cardiac” chest pain,
and are offered no treatment beyond reassurance [5]. In
this review, we discuss the pathophysiology, diagnosis,
and treatment of MVA.

DEFINITION OF MICROVASCULAR ANGINA

Classic MVA is defined as a disease entity with (1) ef-
fort angina; (2) findings compatible with myocardial
ischemia/coronary microvascular dysfunction upon
diagnostic investigation; (3) the appearance of normal
or near normal coronary arteries on angiography; and
(4) absence of any other specific cardiac disease, such
as variant angina, cardiomyopathy, or valvular disease
[6]. Findings compatible with myocardial ischemia
include: (1) diagnostic ST segment depression during
spontaneous or stress-induced typical chest pain; (2)
reversible perfusion defects on stress myocardial scin-
tigraphy; (3) documentation of stress-related coronary
blood flow abnormalities using more advanced diag-
nostic techniques, such as cardiac magnetic resonance
(MR), positron emission tomography (PET) or Doppler
ultrasound; (4) metabolic evidence of transient myocar-
dialischemia (cardiac PET or MR, invasive assessment).

EPIDEMIOLOGY AND PROGNOSIS OF MICRO-
VASCULAR ANGINA

Among patients suspected of having myocardial isch-
emia, and who are referred for clinically indicated
coronary angiography, 41% of the women, as compared
to only 8% of the men, showed insignificant epicardial
coronary artery [2]. The prevalence of MVA is estimated
to be up to 30% of stable angina patients with non-ob-
structive coronary arteries. Nineteen percent of wom-
en presenting with acute coronary syndrome, 30% of
women presenting with unstable angina, 9.1% of wom-
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en with non-ST-elevation myocardial infarction, and
10% of women with ST-elevation myocardial infarction
were determined to have normal or non-obstructive
CAD using coronary angiography [7-10]. Overall, 10%
to 25% of women with ACS have a “normal” coronary
angiography [11].

In order to receive a diagnosis of MVA, objective ev-
idence of ischemia is required. It is important to note
that myocardial ischemia is the result of an imbalance
between myocardial oxygen supply and coronary ox-
ygen demand, and that ischemia leads to micro-dys-
function of the myocardium. Thus, an “angina attack”
in patients with MVA suggests an on-going ischemic
condition in the myocardium.

The prognosis of MVA is not always benign as pre-
viously believed [4]. Patients with MVA have a 1.5-fold
increase in mortality compared with those without any
evidence of myocardial ischemia. In addition, more
than 40% of patients are readmitted to the hospital for
chest pain, and 30% undergo repeat coronary angiog-
raphy [11]. They also have a worse quality oflife, as com-
pared to healthy counterparts [12,13]. Thus, many pa-
tients with chest pain, without significant obstruction
on coronary angiography, are often inappropriately
reassured and remain untreated [14].

PATHOPHYSIOLOGY OF MICROVASCULAR
ANGINA

Coronary microvascular dysfunction

Whenever the coronary blood supply cannot meet the
myocardial oxygen demand, myocardial ischemia oc-
curs along with chest pain. In the absence of anatomic
stenosis of the epicardial arteries, dysfunction on the
epicardial and microvascular levels may be responsible
for decreased coronary blood supply.

With regard to the epicardial coronary artery, a tem-
porary spasm of the coronary artery may account for
the decreased blood supply. In this case, the diagnosis
of Prinzmetal angina, or variant angina can be made.

In terms of the microvascular artery, abnormal va-
sodilation or spasm may be a pathophysiologic cause
of the ischemia [15]. The Hagen-Poiseuille law states
that vessel resistance (R) is directly proportional to the
length (L) of the vessel and the viscosity (n) of the blood,
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and inversely proportional to the radius to the fourth
power (r*). Consequently, a 2-fold increase in radius de-
creases resistance by 16-fold.

R=8 x I

ey

Therefore, small artei‘riole;r mostly determine the vas-
cular resistance and, consequently, the flow of blood.
Vasodilation results from the relaxation of vascular
smooth muscles cells. The response may be intrinsic,
due to local processes in the surrounding tissue, or
extrinsic, due to hormones or the nervous system. A
complex regulation of the endothelium, smooth mus-
cle cells, and autonomous nervous system assures op-
timal blood flow via autocrine, paracrine, endocrine,
and neurohumoral pathways in the microvasculature.
Endothelial dysfunction, attributed to the impairment
of endothelium-dependent vasodilation as a result of
reduced nitric oxide (NO) release, is the most common-
ly proposed mechanism for MVA [16]. NO, the endo-
thelium-derived relaxing factor, is the prominent va-
sodilator and exerts many biological actions via cyclic
guanosine monophosphate ((GMP), which causes the
relaxation of vascular smooth muscle cells. The endo-
thelium plays a critical role in vascular homeostasis by
secreting substances that not only acutely regulate vas-
cular tone, platelet activity, and coagulation factors but
also influence vascular inflammation, cell migration,
and proliferation over the longer term [17].

MVA can occur both during exercise and at rest.
During exercise, potent vasodilatory metabolites, such
as adenosine, adenosine-diphosphate (ADP), adenos-
ine-monophosphate (AMP), NO, etc., are produced and
cause significant vasodilation through the relaxation
of vascular smooth muscles. However, a blunted re-
sponse to metabolic stimuli can cause an inappropriate
increase in blood flow leading to ischemia, which is
responsible for the exercise-induced MVA [4,18].

In contrast, spontaneous hypercontraction, or spasms,
of the microvasculature, cause the chest pain episode
in MVA patients [15].

Abnormal pain perception

In patients with MVA, the perception of pain is com-
monly increased. Reasons for the increase in pain
perception include the release of potassium and ade-
nosine, and abnormalities in the central modulation
of pain perception [19]. MVA patients may have an inef-
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fective thalamic gate that results in inadequate cortical
activation by afferent stimuli from the heart, which re-
sults in the increased perception of pain. An autonomic
nervous system imbalance with increased adrenergic
activity and impaired parasympathetic tone could ex-
plain both the increased pain sensitivity as well as en-
dothelial dysfunction [19-21].

Interactions between chest pain and microvascular
dysfunction are important in the pathogenesis of MVA
and are likely to determine the clinical presentation of
the patient (Fig. 1).

DIAGNOSIS

The symptoms of patients with MVA are often indistin-
guishable from those with obstructive CAD. Nonethe-
less, normal or non-obstructive CAD coronary angiog-
raphy often leads to the misdiagnosis of “non-cardiac”
chest pain; therefore, MVA patients remain untreated.
Considering the prognostic and therapeutic implica-
tions of MVA, a correct diagnosis is mandatory to min-
imize the risk of false-negative results.

A recently proposed diagnostic algorithm for pa-
tients with effort angina and documented myocardial
ischemia in a functional stress test suggests the use
of a step-wise approach [14]. Patients should abstain
from the use of medication that may affect the coronary
vasomotor, such as a calcium-channel blocker (CCB),
for at least 24 hours before invasive coronary angiogra-

Pathogenesis of cardiac syndrome X
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Figure 1. Possible interactions between pain threshold and
microvascular dysfunction in microvascular angina pa-
tients.
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phy [22]. If an intermediate lesion is present (diameter
stenosis between 50% to 70%), fractional functional
reserve should be performed to evaluate the functional
significance [23-26]. In the absence of functionally sig-
nificant epicardial stenosis, epicardial vasoreactivity
should be tested next.

Since spontaneous vasospasm may occur in response
to various stimuli, the cold compressor test or hyperven-
tilation test can also be utilized. However, non-phar-
macologic tests have a relatively poor diagnostic
performance; specifically, a low sensitivity, and a phar-
macologic provocation test is currently widely accepted.

Ergonovine is an ergot alkaloid that was used to con-
trol postpartum uterine bleeding. In 1949, it was found
to provoke angina, and in 1963, it was used as a diag-
nostic test for CAD. Ergonovine has structural homol-
ogy to norepinephrine, and causes the contraction of
vascular smooth muscle via the serotonin 1D receptor
in vascular smooth muscle cells [27,28]. In a normal
artery, there is a mild, generalized vasoconstriction (<
20% diameter narrowing). In order to reach a diagnosis
of variant angina, (1) near total, and localized spasm;
(2) reproducing the patient’s typical symptoms; or (3)
associated ST segment change are required. Since the
ergonovine provocation test can trigger dangerous,
life-threatening complications, due to refractory and
multivessel spasms, some authors discourage the use of
noninvasive ergonovine protocols and advocate the use
of provocative tests with intracoronary administration
where intracoronary nitroglycerin can promptly re-
verse the vasospasm [29].

After an epicardial coronary artery spasm is exclud-
ed, the coronary microvasculature must undergo a
thorough evaluation. While the diameter of the epi-
cardial artery ranges between 1 to 5 mm, the small
resistance vessels have a diameter between 0.1 to 0.3
mm. Considering that the spatial resolution of invasive
coronary angiography is 0.5 mm, the microvascular
structure cannot be adequately visualized, and other
methods to detect microvascular ischemia must be uti-
lized. The best surrogate marker is the ischemic symp-
tom when a patient complains during the provocation
test, and the ischemic electrocardiogram change (either
a ST-elevation of depression of 1 mm or greater, or tall
picking T-wave in two consecutive leads).

Microvascular dysfunction can be further divided
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into endothelial-dependent or endothelial-indepen-
dent dysfunction. In order to ascertain the presence
of endothelial-dependent dysfunction, intracoronary
administration of acetylcholine is considered to be the
reference standard [3]. Acetylcholine can cause vaso-
spasms of both epicardial and microvascular vessels.
However, in the absence of epicardial vasospasm and
the presence of signs and symptoms of myocardial
ischemia, endothelial-dependent microvascular dys-
function can be diagnosed [22].

For the determination of endothelial-independent
vasodilation, a direct vascular smooth muscle dilator
must be used. Adenosine is released from myocardial
cells under ischemic conditions and directly causes
the dilation of vascular smooth muscle cells. An in-
adequate increase of coronary flow reserve during in-
tracoronary adenosine administration is indicative of
endothelial-independent microvascular dysfunction.
An abnormal response of resistance vessels to the direct
vasodilatory stimuli is the presumed pathophysiologic
mechanism of effort angina in MVA patients.

In recent years, non-invasive imaging methods, such
as cardiac magnetic resonance imaging (MRI) and
PET, have been utilized [30]. Perfusion imaging using
gadolinium-enhanced stress cardiac MR allows the de-
tection of subendocardial perfusion defects that are in-
duced by adenosine through a coronary steal phenom-
enon in myocardial areas supplied by a dysfunctional
microcirculation (Fig. 2)[31].

TREATMENT OF MICROVASCULAR ANGINA

The goal of anti-anginal medication is to improve the
coronary blood flow or reduce myocardial oxygen de-
mand, or a combination of the two. This general prin-
ciple is also valid for the treatment of MVA. However,
there have been no large, randomized clinical trials
that specifically investigated the effect of classical an-
ti-anginal drugs on the improvement of symptoms and
prognosis of MVA patients. We suggest beginning with
classical anti-ischemic drugs, including B-blockers,
CCBs, and nitrates. Nonetheless, only half of the pa-
tients respond to classical anti-anginal drugs. Alterna-
tive forms of the drugs are reserved for unresponsive
patents.
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Figure 2. Adenosine-perfusion magnetic resonance imag-
ing in patients with microvascular angina. (A) In the stress
perfusion image, an inducible myocardial perfusion defect (>
25% of myocardium, arrows) was observed. (B) In rest perfu-
sion image, there is no perfusion defect.

Classical anti-anginal drugs

B-Blockers have negative chrono-, dromo-, and inotro-
pic effects, and reduce myocardial oxygen consump-
tion, especially under conditions of increased sympa-
thetic activity. They also prolong the diastolic period
and enhance the flow of coronary blood. Due to the
potential to increase vasospasms, the use of $-blockers
has been avoided in variant angina patients or MVA
patients with endothelium-dependent microvascular
dysfunction. Nevertheless, in recent years, third gen-
eration B-blockers, like carvedilol and nebivolol, pos-
sess additional endothelium-dependent vasodilating
properties via the stimulation of NO release from the
microvascular endothelium [32]. Clinical investigation
will determine if future generations of B-blockers can
safely be administered to MVA-patients.

CCBs are also a potent anti-anginal drug. They are a
direct vasodilator and cause the relaxation of vascular
smooth muscle cells, independently of endothelial
function [33]. CCBs improve microvascular ischemia
through the dilation of dysfunctional resistance cor-
onary arteries [34]. They also reduce the myocardial
oxygen requirement by lowering the systemic blood
pressure, which leads to a decrease in the wall tension
of the left ventricle. CCBs are effective in MVA patients
[35-38]. Reflex tachycardia may attenuate the effect of
CCBs, especially that of dihydropyridines [39]. There-
fore, non-dihydripyridine CCBs may be the first-line
option, and dihydropyridine (DHP)-CCBs may be used
in combination with p-blockers.

Nitroglycerin predominantly dilates larger coronary
arteries while exerting minimal effects on coronary
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resistance vessels with a size < 100 micrometers in di-
ameter [40]. Isosorbidie-5-mononiatre was unable to
reduce angina symptoms in patients with syndrome X
[41]. Consequently, we do not recommend nitrates as a
first-line treatment in MVA patients.

Additional anti-ischemic drugs

Ranolazine is a relatively new drug that exerts an-
ti-ischemic effects through the inhibition of the inward
late Na' current in cardiomyocytes; this results in a
reduction of intracellular Ca” inflow during ischemia,
which leads to an improvement in myocardial relax-
ation and ventricular diastolic function. Additionally,
it has been shown to improve endothelial function in
patients with type 2 diabetes mellitus [42]. In several
pilot studies including patients with stable MVA whose
angina symptoms were inadequately controlled by clas-
sical anti-ischemic medications, ranolazine improved
their chest pain [43] and coronary blood flow using car-
diac MRI [44].

Ivabradine inhibits the I; channel in the sinus node
and selectively reduces the heart rate. It leads to de-
creased myocardial oxygen consumption and also in-
creased the coronary blood flow by prolonging the di-
astolic period. Villano and colleagues [43] showed that
ivabradine significantly improved angina symptoms in
MVA patients.

Nicorandil is an adenosine triphosphate sensitive
potassium channel opener that also has nitrate-like
effects. It dilates both epicardial and resistance vessels
and modulates the vasomotor responses of the vessels
to sympathetic stimulation [45,46]. Nicorandil moder-
ately improved exercise-induced myocardial ischemia
in MVA patients [47], and improved myocardial perfu-
sion [48].

Trimetazidine is a new class of drug that switches
the cellular metabolism from free fatty acids to glucose
oxidation, potentially leading to a better tolerance of
myocardial ischemia. In placebo-controlled studies,
the drug improved the exercise capacity and time of
patients [49]; however, other studies observed no signif-
icant clinical effects [50]. Thus, the therapeutic poten-
tial of trimetazidine as a treatment for MVA patients
currently remains controversial.
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Drug under clinical investigation: phosphodiesterase-5
inhibitor
Impairment of endothelium-dependent vasodila-
tion reduces NO release and is the most commonly
proposed mechanism attributed to MVA [16]. NO ex-
erts many of its biological actions via cGMP, which is
rapidly degraded by cGMP phosphodiesterase (PDE).
Thus, PDE inhibitors have the potential to improve
endothelial function, which has been shown in both
animal and clinical studies [16,51,52]. In dysfunctional
endothelium, the release of NO by the endothelium is
significantly compromised. However, the inhibition of
c¢GMP breakdown by PDE-5 inhibitors may, at least in
part, compensate for reduced NO-related cGMP pro-
duction due to endothelial dysfunction, and restore the
NO-dependent vasodilation.

Our group is currently investigating the role of PDE-
5 inhibitors in women with MVA. The ‘Understanding
Chest Pain in Microvascular Disease Proven by Cardiac
Magnetic Resonance Image: (UMPIRE)’ trial is a mul-
ticenter, prospective, randomized, placebo controlled
trial, designed to evaluate the effect of udenafil on
myocardial ischemia and symptoms in female patients
with MVA (Clinical Trials.gov: NCT01769482) [53]. In
the event positive results are observed, a PDE-5 inhibi-
tor may provide a valuable therapeutic option to reduce
myocardial ischemia and improve cardiac function in
female MVA patients.

CONCLUSIONS

MVA confers important prognostic implications. Due
to the difficulty involved in visualizing the coronary
microvasculature, a functional assessment of both the
epicardial coronary arteries and the coronary microcir-
culation is necessary to diagnose MVA, and to avoid the
clinical scenario in which MVA patients are diagnosed
with “non-cardiac chest pain” and remain untreated.
Due to the high rate of “non-responsiveness,” both
classical and novel anti-anginal medications should
be carefully selected and customized to individual pa-
tients.
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