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ABSTRACT

Microvascular angina is a non-obstructive coronary syndrome which presents itself as anginal chest pain with different features
compared to other causes of angina pectoris. Although, it occurs through a similar mechanism with the better-understood
variant (prinzmetal) angina, unlike the former, microvascular angina affects the subendocardial thin, therefore less compliant
vessels. It is essential for every medical practitioner to recognize a patient with microvascular angina, as the disease has some
characteristic presentations, does not respond well to the classical treatments for angina pectoris, and eventually may result in
serious complications later. Keywords: Microvascular angina, coronary syndrome, angina pectoris

INTRODUCTION

Angina pectoris, derived from the Latin verb “ange-
re” (to strangle) and the noun “pectus” (chest), literally
meaning strangling of the chest, is chest pain, clinically
classified as either typical or atypical by whether special
characteristics are present or not. This classification is
based on three factors: presence of a substernal pain
or discomfort that occurs after exercise or emotion-
al stress, relief by rest or nitroglycerin (1). If all three
criteria are present, the pain is classified as a “typical”
angina pectoris according to the American College of
Cardiology/American Heart Institute’s 2002 Guideline
Update on Exercise Testing (2). Being an important
symptom, angina pectoris may be an indicator of many
cardiac pathologies as well as imitated by other causes
of chest pain such as those including the gastrointesti-
nal tract, especially esophagus (3).

One of the causes of angina pectoris is microvas-
cular angina (MVA). Acting with a similar mechanism
to variant (prinzmetal) angina, MVA is an important
condition, mostly considered benign, however respon-
sible for 1.5 times increase in mortality of the affected
patients. In addition, patients with MVA tend to have
increased pain sensitivity due to the increased adren-
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ergic and decreased parasympathetic activity; there-
fore more susceptible to the feeling of pain than other
myocardial ischemia patients (4). For all these reasons,
patients who show signs of MVA should be recognized
by all the physicians and should not be mistaken as ex-
tracardiac causes of chest pain (3, 5).

PATHOPHYSIOLOGY

The most common cause of angina pectoris is the
lack of oxygen supply through coronaries despite in-
creased demand of the heart tissue. This results in
ischemic changes in the area that is supplied by those
specific coronary arteries. The main reason behind this
lack of supply is the occlusion of the coronary vessels
through atherosclerotic changes which is named as
coronary artery disease (CAD) (6).

Coronary arteries, give branches reaching to the in-
ner parts of the heart, which are in the proximity of
lumens. First branch of these arteries is named, as sub-
epicardial arteries, while they are in the close proximi-
ty of the epicardium. The latest branches, on the other
hand, are named subendocardial arteries as they are
closer to the subendocardium, just beneath the lumen
of atria and ventricles (Figure 1).
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The subendocardial layer of the heart is more vulner-
able to ischemic changes than subendocardial vessels,
which are more compliant as they are thinner. Hence
as suggested by the foundational law of compliance,
they are more likely to collapse after negative volume
changes.

It’s well understood that a flow redistribution with a
decrease in the flow rate from subendocardium to sub-
epicardium occurs with each myocardial contraction,
and the more compliant vessels of the subendocardium
induce a greater resistance to the flow (7).
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Figure 1: Branching of subepicardial vessels to the
subendocardium.

On the other hand, there’s another mechanism that
can result in decreased perfusion by increasing the re-
sistance against blood flow: abnormal constriction or
decreased vasodilation of a coronary artery.

This mechanism is currently the main reason be-
hind MVA (8). However, these erroneous vasodilative
properties occur due to a phenomenon known as cor-
onary microvascular dysfunction (CMD) and it is as-
sociated with different levels of both vasoactive (nitric
oxide) and vasoconstrictive (endothelin-1) substances
in different situations.

Coronary microvascular dysfunction can be further
divided to 5 subtypes. Type 1, also known as primary
CMD occurs in the absence of any previous myocardial
disease or epicardial obstruction. Type 2 accompanies
myocardial pathologies such as hypertrophic cardio-
myopathy. Type 3 occurs in the case of an obstructed
coronary artery and Type 4 is iatrogenic and secondary
to myocardial revascularization. Finally, Type 5 follows
cardiac transplantation (9).

Coronary microvascular dysfunction in MVA
seems to appear alone in most cases, therefore can be
named as CMD Type 1. Patients with other CMD types
are diagnosed more rare than Type 1 (10).

Coronary microvascular dysfunction is a presenta-
tion of endothelial cell dysfunction that is associated
with hypertension, diabetes mellitus, smoking, hyper-

cholesterolemia and with elevated levels of homocyste-
ine.

Homocysteine is known to inhibit vasodilation
substances of endothelium such as nitric oxide. Meth-
ylenetetrahydrofolate reductase mutations, an enzyme
responsible for break down of homocysteine, are also
identified in MVA patients (11).

Among the other things, insulin-resistant or insu-
lin-deficient states are also related to endothelial dys-
function, so can contribute to the pathophysiology of
MVA (12).

The increased diastolic time is the backbone of an-
other potential mechanism. Gender plays a significant
role in this mechanism, older women whose arteries
are stiffened tend to have left ventricular hypertrophy
resulting in both decreased pressure and time of dias-
tole to supply the coronary flow. It is already known
that a decrease in diastolic duration from 33 to 27 s/
min can have the same effect as an increase in coronary
stenosis from 40% to 90% (13).

Histopathological features of MVA are mainly
thickened small arteriolar walls due to medial layer hy-
pertrophy, intimal proliferation and shorter small ves-
sels (14).

CLINICAL FEATURES

Microvascular angina has a clinical presentation of
anginal chest pain, normal or almost-normal epicardial
coronary angiography without any spasms and myo-
cardial ischemia in noninvasive stress tests.

Systemic hypertension with or without left ventric-
ular hypertrophy, atypical CAD presentation with dia-
betes mellitus and as previously stated also from extra-
cardiac causes of chest pain, especially those involving
esophagus is a necessity for the specific diagnosis (15).
Another common cause of coronary spasm is variant
angina (prinzmetal angina). Variant angina patients
are usually present with normal coronary angiography
although the disease affects subepicardial vessels, and
tend to have lower cholesterol and triglyceride levels
compared to MVA patients. Additionally, MVA pa-
tients have a decreased endothelium-dependent vaso-
dilation of brachial artery after application of a vaso-
dilator compared to the variant angina patients, which
suggests a systemic rather than local dysfunction of
microvascular bed (2).

Chest pain in MVA is similar to obstructive CAD,
mimicking the radiation to the medial part of left arm
and substernal compressing pain. However, it occurs
at rest in many patients unlike typical angina and can



last hours and does not respond to nitroglycerin as well
as in the typical angina. It is not known to cause sys-
tolic ventricular dysfunction (can be determined by a
decrease in ejection fraction) as common as it does in
CAD. The phenomenon behind this is the layer-selec-
tive nature of CMD which only affects the thin layers
of the myocardium, thin enough to be supplied also by
thin vessels, and does not cause significant tissue dam-
age as in CAD (10).

The electrocardiography (ECG) in MVA is similar
to CAD, and shows significant changes in ST-segment
such as depression, rarely an elevation during stress.
An ambulatory 24-hour-ECG is also no different than
chronic stable angina occurring in CAD with circa-
dian episodes of ST-segment depression. ST-segment
changes occur in a prolonged manner in MVA than
CAD, and mostly accompanied by tachycardia in or-

der to increase blood flow through narrowed arteries.
The main characteristics of MVA can be summarized
as atypical anginal features (long episodes of chest pain
lasting sometimes hours and poor nitrate response),
exercise-induced chest pain due to the ineffectiveness
of physiological vasodilatory mechanisms and pain
occurring even at rest, there is no significant systolic
ventricular dysfunction present and rare myocardial
ischemia can be seen afterward. MVA is more common
in women with estrogen deficiency and women have a
poorly defined ECG stress test response (15). Hence, a
post-menauposal female patient, complaining of pro-
longed atypical angina pectoris or angina pectoris at
rest, should be considered for MVA in the differential
diagnosis.

Table 1 compares different causes of angina pectoris
by pathophysiology, ECG changes and clinical features.

Table 1: Different characteristics of causes of angina pectoris.

Causes of Angina Pectoris Affected Vessels ECG Changes Clinical Features
Microvascular Angina Subendocardial vessels Circadian episodes of ST- Prolonged chest pain of
segment changes angina characteristics

which may occur both at
rest or exertion, lasting
hours to days and responds
poorly to nitrates,
accompanied by
tachycardia

(elevation or depression)

Variant (Prinzmetal) Subepicardial vessels

Transient ST-segment Chest pain of anginal

Angina elevation (=0.1 mV) characteristics, poor
response to nitrates and
occurs at rest
Coronary Artery Disease Every vessel in coronary Permanent ST-segment Chest pain of anginal

circulation, mostly
affecting larger vessels

characteristics, good
response to nitrates, occurs
at rest or stress, often last
minutes

changes, mostly ST-
segment depression (in
chest leads =0.2 mV, in
extremity leads >0.1 mV)




DIAGNOSTICS

Although there are studies with non-invasive tests
to assess indirect myocardial resistance to perfusion
during stress, typically administering a systemic vaso-
dilator such as adenosine, the perfusion assessment is
not sensitive enough to determine if the problem oc-
curs in the epicardial layer or subendocardial layer.

Invasive coronary angiography can provide valu-
able information by guide wire-based assessment of
the blood flow through coronaries at rest (at the time,
where the vessels are vasodilated) and also by using
pharmacological such as acetylcholine to mimic vaso-
constriction.

The preferred vessel is the left descending coronary
artery for this procedure because of its great impact on
the perfusion of the myocardium. Multiple vessels can
be interrogated but as the duration of the process gets
longer the risk increases as well (16).

Nonetheless, in order to perform an invasive proce-
dure such as coronary angiography the patient should
exhibit the clinical presentations of angina. If the pa-
tient fits the MVA diagnosis criteria with atypical an-
ginal features (long duration, poor response, occurring
at rest) and presents with normal epicardial vessels in
angiography but only with CMD alone and no other
comorbidities, as in most of the cases, should be diag-
nosed as primary MVA accompanied by CMD Type 1.
CMD can be detected by following angiographical
parameters: impaired coronary flow reserve (<2.0),
coronary microvascular spasm (not accompanied by
epicardial spasm after acetylcholine stimulation), ab-
normal coronary microvascular resistance indices (In-
dex of Microcirculatory Resistance>25) and coronary
slow flow phenomenon (TIMI frame count >25) (17).

In addition to the etiologies behind, CMD can
also be classified as either structural CMD (SCMD)
or functional CMD (FCMD). FCMD is characterized
by low vascular tone both at rest and exercise, and can
be recognized with increased nitric oxide synthetase
(NOS) activity, normal forearm acetylcholine dilata-
tion (FAD) during angiography and normal exercise
blood pressure (EBP) and decreased myocardial cor-
onary perfusion efficiency and slightly elevated N-ter-
minal pro-brain natriuretic peptide (NT-proBNP)
levels. SCMD occurs due to high vascular tone both
at rest and exercise, and can be recognized with in-
creased NOS activity, however with reduced FAD and
higher EBP levels and significantly increased levels of
NT-proBNP and a decrease in myocardial coronary
perfusion efficiency (18). Positron emission tomogra-

phy with myocardial blood flow quantification can also
be used to detect microvascular dysfunction with less
invasive diagnostic tool, which needs further studies
(19).

TREATMENT

Conventional anti-anginal drugs (nitroglycerine,
isosorbide dinitrate, isosorbide mononitrate and eryth-
rityl tetranitrate etc.) are proven to be poorly effective
against MVA therefore a different approach should be
applied to these patients.

As first-line treatment, beta-blockers are shown to
be effective especially with patients of effort angina
with increased heart rate (HR) on effort or patients
with symptoms of increased adrenergic activity such
as increased HR at rest. Ivabradine, a drug acting on
If channels mostly located on the sinoatrial node,
therefore used to induce bradycardia can be used but
there is no evidence supporting its effectivity. To the
patients with angina at rest, calcium channel blockers
of non-dihydropyridine type, mostly preferred for their
anti-arrhythmic properties in other settings, such as
diltiazem and verapamil should be effective. Although,
oral nitrates are proven to be not effective, nicorandil,
a potassium channel activator shown to be effective in
some studies, however another agent, ranolazine that
reduces late sodium current is promising. In addition
to all these, angiotensinogen converter enzyme inhib-
itors diminishing the oxidant feature of angiotensino-
gen II and decreasing microvascular dysfunction and
alpha blockers, which interfere with adrenergic stimuli
can be second-line treatment options. Also, statins are
proven to be effective by improving the microvascular
dysfunction (8, 20). In post-menopausal women, estro-
gens can also be a part of the treatment (10).

CONCLUSION

Microvascular angina as an insidious condition,
mimicking many other similar etiologies, can easily
be overseen, thus falsely diagnosed and managed by
physicians. MVA patients are diagnosed mostly with
extracardiac causes of chest pain or receive the classi-
cal antianginal drugs such as nitroglycerin. However,
as the antianginals are poorly effective against MVA,
the patient continues to suffer and due to the increased
adrenergic stimulation the patient tends to feel the pain
intensely. The increased mortality rate is another proof
of the importance of this condition (4). Therefore, rec-
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ognition of a patient with MVA by any physician is of
utmost importance, just not to relieve the pain of the
patient but also to avoid the possible follow-up comor-
bidities and mortality.
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