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Abstract

Women often exhibit persistent symptoms, functional disability 
and a relatively high prevalence of microvascular coronary dys-
function (MCD) with no obstructive coronary artery disease (CAD) 
when evaluated for signs and symptoms of myocardial ischemia. 
A 27-year-old woman was referred by her treating cardiologist for 
symptoms of persistent chest pain for 10 years. Cardiac catheteriza-
tion showed normal coronary arteries. Given the constellation of 
persistent chest pain and no obstructive CAD, a diagnosis of MCD 
was suspected, and she underwent coronary reactivity testing (CRT) 
with intracoronary infusions of adenosine, acetylcholine and nitro-
glycerin to test nonendothelial- and endothelial-dependent, micro- 
and macro-vascular coronary function. CRT results were consistent 
with a diagnosis of MCD. The patient was started on ranolazine, 
with significant improvement in symptoms. Cardiac magnetic reso-
nance imaging (CMRI) after 3 months of treatment demonstrated 
improvement in perfusion compared to baseline.
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Introduction

Women with signs and symptoms of myocardial ischemia 
often have no obstructive coronary artery disease (CAD) 
by invasive coronary angiography when compared to men. 
Microvascular coronary dysfunction (MCD) with open coro-
nary arteries is associated with a female predominance, pain 
that can be disabling, and inconsistent responses with use 
of conventional anti-ischemic therapy [1, 2]. MCD should 

be diagnosed and treated adequately due to compromised 
quality of life and increased association with adverse cardiac 
outcomes [3]. Ranolazine has been observed to improve the 
symptoms of myocardial ischemia and improve the quality 
of life in such patients [4]. MCD appears to be a key contrib-
utory mechanism for myocardial ischemia in women with no 
obstructive CAD and significant symptom improvement is 
seen with ranolazine [3].

 
Case Report

A 27-year-old woman was referred by her treating cardiolo-
gist for a 10-year history of exertional midsternal stabbing 
chest pain with shortness of breath and fatigue. Her symp-
toms began at age 17, and she was initially treated for peri-
carditis with non-steroidal anti-inflammatory drugs. She was 
subsequently treated for myocarditis after high coxsackie 
viral titers was identified 4 years later. Her work-up for au-
toimmune disease was negative, and her TSH was normal. 
Cardiac catheterization at age 24 revealed normal coronary 
arteries with no coronary anomalies. Echocardiography 
showed normal right ventricular and left ventricular systolic 
function with left ventricular ejection fraction of 60%, pos-
sible anterior leaflet mitral valve prolapse and normal valves. 
There was no pericardial effusion or thickening. She had no 
cardiac risk factors including no history of diabetes, hyper-
tension, or family history of premature CAD. She under-
went adenosine stress cardiac magnetic resonance imaging 
(CMRI), in which she developed chest discomfort from the 
adenosine infusion, but resting and stress ECG showed no 
abnormalities or ischemia. Adenosine-induced first-pass hy-
poperfusion of the subendocardium was visualized in mid-
anteroseptum, anterior and anterolateral wall segments (Fig. 
1). There was also circumferential subendocardial hypoper-
fusion in the distal left ventricle, which was measured as a 
reversible perfusion defect of 19% with quantitative myocar-
dial perfusion reserve index (MPRI) of 1.5 (normal MPRI > 
1.8). Pericardium was normal thickness with no pericardial 
effusion [5].

Due to her abnormal stress CMRI and persistent symp-
toms, she then underwent CRT to evaluate endothelial-
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dependent, nonendothelial-dependent and smooth muscle 
coronary vasomotor pathways, as previously published [3]. 
Coronary angiography again showed normal appearing coro-
nary arteries, with no luminal irregularities, no spasm, no 
bridging, and a normal left ventricular end-diastolic pressure 
of 7 mmHg. She developed moderate to severe chest dis-
comfort during catheter manipulation in the coronary arter-
ies and during contrast infusion, consistent with a cardiac 
nociception abnormality. Coronary flow reserve to intracoro-
nary adenosine was abnormal at 1.8 (normal > 2.5), consis-
tent with nonendothelial-dependent microvascular coronary 
dysfunction. Intracoronary acetylcholine testing showed 0% 
dilation (normal response > 0%) consistent with endothelial-
dependent macrovascular coronary dysfunction, although 
coronary blood flow increased by 72%, which was within 
normal limits, indicating normal endothelial-dependent mi-
crovascular function. Response to intracoronary nitroglycer-
in revealed 40% dilation (normal ≥ 20% dilation) consistent 
with normal smooth muscle function. 

She had previously been treated with metoprolol suc-
cinate 100 mg daily, verapamil ER 100 mg daily, isosorbide 
mononitrate 30 mg daily, and sublingual nitroglycerin as 
needed and had persistent symptoms. Following her CMRI 
and CRT, she was treated with ranolazine 500 mg twice dai-
ly, carvedilol CR 20 mg daily and isosorbide dinitrate 10 mg 
three times daily. After 3 months’ treatment, her angina im-
proved from 9/10 to 5/10 in severity. Repeat CMRI scan was 

also improved, with a faster rate of myocardial enhancement 
seen in the consecutive cine images, a decrease in perfusion 
defect to 13% and an increase in MPRI to 3.3 (Fig. 1).

Discussion
  
This case highlights the clinical importance of diagnosing 
MCD and improvement of symptoms with the anti-anginal 
medication ranolazine. Ranolazine is an FDA-approved drug 
for the treatment of angina, and was shown to significantly 
improve angina scores in women with MCD in a pilot study 
[3]. The beneficial effects of ranolazine are proposed to be a 
consequence of its action to reduce sodium entry into myo-
cardial cells through sodium channels and maintaining the 
sodium -calcium homeostasis [6]. Identification of angina 
caused by MCD is crucial due to the associated major ad-
verse cardiac events such as myocardial infarction, conges-
tive heart failure and sudden cardiac death. Approximately 
50% of women with symptoms of persistent chest pain, 
evidence of ischemia and presence of no obstructive CAD 
have been found to have MCD [7]. Since stress testing with 
echocardiography and nuclear perfusion imaging may reveal 
normal wall motion and normal myocardial perfusion, first-
pass perfusion CMRI has been used to identify and measure 
subendocardial perfusion defects in patients with suspected 
MCD [8]. As patients with MCD do not typically have vas-
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Figure 1. Top: Baseline first-pass cardiac magnetic resonance imaging (CMRI) demonstrates a visual 19% revers-
ible defect with adenosine stress, with hypoperfusion in the subendocardium. The up slopes of the myocardial and 
the left ventricular blood-pool signal intensity curves at stress and rest are then used to calculate a myocardial 
perfusion reserve index (MPRI). Baseline myocardial perfusion reserve index (MPRI) is low at 1.5 (normal > 1.8). 
Bottom: Repeat CMRI after ranolazine treatment demonstrates improved myocardial perfusion, with a faster rate 
of myocardial enhancement seen in the consecutive cine images, a 13% reversible subendocardial defect with 
adenosine stress, and MPRI improvement to 3.3.



J Med Cases. 2014;5(1):23-25   Microvascular Coronary Dysfunction Treatment

Articles © The authors   |   Journal compilation © J Med Cases and Elmer Press Inc™   |   www.journalmc.org

cular territory perfusion defects as seen in patients with epi-
cardial CAD, visual interpretation of the CMRI scans may 
be challenging, and quantitative measurements of MPRI 
may be necessary to evaluate the speed and intensity of the 
myocardial enhancement. 

The current management for the treatment of MCD in-
cludes controlling symptoms, improving quality of life and 
reducing hospitalization. Cardiac rehabilitation can be initi-
ated to minimize symptoms. Statins may improve endotheli-
al function through their anti-inflammatory and anti-oxidant 
properties or through their ability to restore vascular nitric 
oxide and thus endothelial-dependent relaxation of coronary 
resistance vessels. Beta blockade, particularly with atenolol, 
has been shown to improve functional capacity and reduce 
angina episodes in patients with MCD [9]. The role of ni-
trates and calcium channel blockers for management of 
MCD is not yet supported by evidence, even though these 
medications are first-line therapy for vasospastic angina [10].

Conclusions

Women with signs and symptoms of ischemia with no ob-
structive coronary artery disease often have MCD that car-
ries an adverse prognosis. Anti-anginal medications should 
be used to alleviate symptoms, and novel anti-anginal, anti-
ischemic medication, ranolazine, can be used as a treatment 
strategy.
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