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Introduction

The first mention of chest pain with normal coronaries was
made in 1981 by Opherk and coworkers.1 Among patients
undergoing coronary angiography (CAG) for ischemic signs
andsymptoms, approximately10to30%haveangiographically
normal coronaries. Coronary microvascular dysfunction is
present in 50 to 60% of this subgroup. The scenario is different
from that of coronary vasospasm, where major coronary
arteries are affected with either complete occlusion with or
without collateral flow, or incomplete occlusion as evidenced
by electrocardiographic (ECG) changes. Angina which is
caused secondary to ischemia related to dysfunction of small
resistance coronary artery vessels (< 500 µm) not visible in
angiogram, is called “micro vascular angina.”2 The pathophy-
siology of chest pain in women without obstructive coronary
disease represents a heterogeneous mix: some have cardiac
chest pain that is nonischemic, others have cardiac chest pain
due to microvascular ischemia or abnormal pain sensation,
and still others have chest pain of noncardiac origin. All these
women suffer from symptoms of chest pain; however, the
prognosis and therapeutic options differ widely.3 In 1973,
Kemp et al introduced the term “syndrome X” (later referred
as “cardiac syndrome X”) to describe patients with exercise-

induced angina and normal coronary angiograms. However,
the use of this termhas not always been limited to this specific
meaning.4

Case Report

A 56-year-old female patient presented with a history of
dyspnea and angina of acute onset with no other cardiac
symptoms. The patient had undergone aortic valve replace-
ment with amechanical tilting disc prosthetic valve 13 years
ago for rheumatic aortic stenosis. She was on oral antic-
oagulation for the same and on oral hypoglycemic drugs for
her diabetes. On evaluation, she was hemodynamically
stable, afebrile, and auscultation revealed prosthetic valve
click. ECG showed sinus rhythm with ST-T flattening in
inferior leads with deep T-wave inversions in precordial
leads. Troponin I was strongly positive. Blood chemistry
including lipid profilewaswithin normal limits. Two-dimen-
sional (2D) transthoracic echocardiogram (TTE) revealed a
peak gradient/mean gradient – 47/23 mm Hg across the
aortic prosthesis, normally functioning valve, normal left
ventricular (LV) systolic function and grade II LV diastolic
dysfunction, no regional wall-motion abnormality and nor-
mal pulmonary artery pressures, and no pericardial effusion/
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Abstract Microvascular angina is caused by dysfunction of small-resistance coronary arteries
(< 500 µm) and is of heterogenous origin. The major epicardial coronaries are normal
and commonly seen in women. Prognosis is variable, with disabling angina in many
patients and can be a cause of mortality, especially in those who are refractory to
treatment. In this background, we present a case of 56-year-old post valve replacement
with normally functioning aortic valve and recurrent episodes ofmicrovascular angina. The
patient had normal epicardial coronaries. She had recurrent episodes of angina refractory
to various antianginals associated with hemodynamic instability. Microvascular angina
can curtail routine activity, frequent hospitalization, and repeated noninvasive and invasive
investigations. Thus, it is a high social and economical disease, especially pertinent to
women.
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clots/vegetation. The international normalized ratio (INR)
was 1.9. Coronary angiogram revealed normal epicardial
coronaries (►Fig. 1A, B).

The next day, the patient had a recurrent episode of angina
with hemodynamic instability, requiring inotropic support.
The episode lasted for an hour during which, the patient was
hypotensive and developed deep ST depression in all leads
except for ST elevation in aVR and V1 (►Fig. 2).

The angina responded to IV nicorandil. With resolution of
angina, the patient stabilized and ECG changes settled
(►Fig. 3). For comparison, basal ECG is mentioned in►Fig. 4.

Subsequently, the patient hadmultiple similar episodes of
anginawith similar ECG changes as described previously, and
repeat echo did not reveal any fresh abnormality. Fluoro-
scopy revealed a normally functioning tilting disc prosthetic
valve. In view of ECG changes, repeat CAG was done (during
angina episode), which again showed normal coronaries and
absence of coronary vasospasm (►Fig. 5).

Serum analysis revealed normal electrolytes and normal
serum calcium. Over the next 5 days, the patient had multi-
ple episodes of angina that responded transiently to IV
infusion of nicorandil and she was continued on maximum

Fig. 1 (A, B) Normal coronaries on coronary angiography

Fig. 2 Electrocardiography during angina.
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Fig. 3 Electrocardiography after resolution of angina.

Fig. 4 Basal electrocardiography.
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antianginal therapy. She was also initiated on endothelin
receptor antagonist Ambrisentan, but the response was
uncertain. She continued to have angina episodes with
hypotension. Incidentally she developed dense hemiplegia
of the right side and was found to have labile INR with INR
value of 7.1. Computed tomography (CT) of the brain showed
intracerebral bleed. The patient gradually deteriorated,
developed respiratory distress, and was put on ventilator.
However, she did not improve and eventually succumbed.

Discussion

Angina without coronary artery disease (CAD) has substantial
morbidity. Data regarding mortality in such cases are not clear
as also is themanagement protocol. This case is being reported
as it was a challenge to formulate a treatment plan for this
patient with recurrent episodes of severe rest angina with
hemodynamic instability and near-normal intervals during
which she was completely asymptomatic and stable. The sig-
nificant ECG changes along with normal coronaries demon-
stratedonCAGtwice andnormally functioningprosthetic valve
with positive transient response to nitrates and nicorandil led
us to a diagnosis of microvascular angina or syndrome X.
Provocation tests and imaging diagnostic modalities were not
used as the patient was hemodynamically unstable. ECG
changes in microvascular angina include ST-segment depres-
sion during episodes of spontaneous or provoked angina5 in
contrast to vasospastic angina, where patients develop ST
elevation and/or depression during chest pain episodes. Other
changes include peaking and/or increase in amplitude of the T
wave, a delay in the peak and an increase in the height and
width of the R wave resulting in fusion of R wave with Twave,
and a decrease in magnitude or disappearance of the S wave.
The negative U wave may also appear at the beginning or near
the endof the attack, and it is often associatedwithST-segment
changes in the anterolateral leads.6

In spite of therapy with all antianginals including nitrates,
calcium channel blockers (CCBs), endothelin receptor antago-

nists (ERAs), nicorandil, ranolazine, trimetazidine, and adequate
sedationonabackgroundtherapywithaspirin75 mg, statins,β-
blockers, angiotensin-converting enzyme (ACE) inhibitors, and
ivabradine, the patient continued to have recurrent angina. This
definitely suggests a multifactorial pathogenesis for microvas-
cular angina not responding to standard antianginal therapy.
Two prevailing hypotheses have emerged to explain this phe-
nomenon:3,7 the ischemic hypothesis suggesting abnormal
coronary microvascular function and the nonischemic hypoth-
esis describingmainlyalteredpainperception andmyocardial
hypersensitivity. The amalgamation of increased demand and
reduced vasodilator reserve may definitely promote the pro-
gress of a mismatch not severe enough to cause extensive
myocardial ischemia and yet enough to induce delicate varia-
tions of various cardiac functions. A commonly reported aberra-
tion is endothelial dysfunction advocated by a decreased
coronaryflowresponse to acetylcholine, atrial pacing, andother
endothelium mediated vasodilator stimuli, and believed to be
caused by impaired nitric oxide (NO) release and/or activity.8

Given its unique pathophysiology and prognosis, it is
imperative that microvascular angina be considered inde-
pendently of other causes of chest pain. The current gold
standards for evaluating microvascular function have been
coronary flow reserve (CFR) using invasive testing and
myocardial perfusion reserve (MPR) using positron emission
tomography (PET) or cardiac magnetic resonance imaging
(CMRI) analysis. After reviewing literature, we found that
there is little substantiation to provide current treatment
strategies for tangibly defined microvascular angina.

Thestandardpracticeofusingantianginals andrisk reduction
modalities may not be effective in such patients and actually
might be counterproductive in certain cases. Treatments with
renin angiotensin aldosterone system (RAAS) inhibitors,9

CCBs,10 and statins have showed no substantial improvement
in symptomatology. There was no significant difference in
CFR measurements in patients with CFR >2.5 in a study
with sildenafil and the effect on symptomswas not evaluated.11

L-Arginine; a precursor of NO, showed no improvement in

Fig. 5 Coronary angiography during angina.
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symptoms after infusion.12 Neither α-blockers, such as doxazo-
sin, nor estrogen therapy were useful. β-Blockers decrease
myocardial oxygen demand and increase coronary diastolic
perfusion; hence, they have a convincing possible role in the
treatment of microvascular angina, but studies supporting its
role are lacking. Similarly, the newer antianginals such as
ranolazine, trimetazidine, and nicorandil have not shown a
sustained benefit, although in our case the patient did respond
briefly to an infusion of nicorandil. Several supplementary
therapies such as adenosine receptor blockers, tricyclic antide-
pressants, aerobic exercises, metformin, vitamin C, anticoagu-
lants, cognac, and traditional Chinese medical techniques have
been evaluated with no success. Anecdotal reports suggest a
probable role of endothelin-1 receptor antagonists in manage-
ment of refractory microvascular angina though definitive re-
sults are not available.13,14

Numerous patients with angina and normal coronary
arteries show persistence and even deterioration of angina
over time. The episodes may become more regular, pro-
tracted, poorly responsive to drugs, and may significantly
curtail routine activities. Moreover, the severity of angina
may lead to frequent noninvasive testing, frequent hospital
admissions for repeat CAG, and also frequent absence or even
retirement fromwork. Thus, in these patients quality of life is
often severely compromised.5 These traits make microvas-
cular angina a socially and economically pertinent cardiac
disease, especially in women. This emphasizes the urgent
need to formulate a standard and easily available diagnostic
and treatment protocol as well as encourage more research
into this chest pain with “nos dimensions” and also the fact
that therapy needs to be tailor made and structured accord-
ing to individual patient profile.
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