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Introduction

Cardiovascular disease is leading cause of death in women 
predominantly due to ischemic heart disease (1). Women 
presenting with signs and symptoms of myocardial 
ischemia are more likely than men to have non-obstructive 
coronary artery disease (CAD) (2). Myocardial infarction 
with non-obstructive CAD (MINOCA) is clinically 
defined as acute myocardial infarction in the absence of 
(≥50% stenosis) obstructive CAD in any artery (3). The 
Women’s Ischemic Syndrome Evaluation (WISE) study 
at 10-year follow-up demonstrated that women with 

no obstructive CAD were at increased risk of death or 
nonfatal myocardial infraction (MI) (2). MINOCA is a 
working diagnosis that has been increasingly described 
to have likely overlap with mechanisms contributing to 
ischemia with non-obstructive coronary artery disease 
(INOCA) such as Prinzmetal variant angina (coronary 
spasm), coronary microvascular disorders, coronary plaque 
rupture, Takotsubo cardiomyopathy, and or coronary 
emboli (4). Coronary artery spasm has been notably 
proposed to be one of the underlying causes of MINOCA 
(3). Since traditional coronary angiography is likely to miss 
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identifying the etiology behind the myocardial injury in 
these patients, several diagnostic tests can be useful such 
as invasive coronary reactivity testing (CRT), non-invasive 
positron emission tomography with coronary flow reserve 
(CFR), and/or myocardial perfusion on a stress cardiac 
magnetic resonance imaging (CMRI). Intracoronary (IC) 
pharmacologic testing may provide to be a valuable tool 
for establishing the diagnosis of functional abnormality 
underlying the symptoms of INOCA patients and lead 
to understanding the importance of role of coronary 
microvascular spasm (5). We are reporting a case of 
MINOCA due to coronary microvascular spasm diagnosed 
by invasive CRT as part of Women’s Ischemia Syndrome 
Evaluation Coronary Vascular Dysfunction (WISE-CVD) 
Continuation study (NCT02582021).

Case presentation

Initial presentation

A 55-year-old female with a past medical history of 
hypertension and long-standing history of migraines 
and angina self-referred to a cardiologist in 2007 due to 
symptoms of persistent angina. She underwent an exercise 
treadmill stress test, which showed normal results. Eight 
years later, patient subsequently presented to the emergency 
room after experiencing 45 minutes of persistent angina 
(level 6–7/10) radiating to both shoulders and intermittent 
to the left arm, nausea and diaphoresis with a blood pressure 
of 141/79 mmHg and heart rate of 59 beats per minute. 
Electrocardiogram (ECG) demonstrated sinus bradycardia, 
poor R wave progression, with no ischemic ST/T 
abnormalities. Initial troponin I was elevated at 0.40 ng/mL  
(reference range ≤0.04 ng/mL). Patient was evaluated 
for non-ST elevation myocardial infarction, with a peak 
troponin I level of 1.81 ng/mL. She was taken for coronary 
angiography which was reported as normal, with only mild 
atherosclerotic disease of the left anterior descending artery 
(LAD) and no signs of obstructive coronary artery disease, 
coronary dissection, bridging or embolism. IC imaging 
was not performed. Patient also had an echocardiogram 
that showed normal left ventricular size, wall thickness, 
wall motion, function (ejection fraction of 60%) and trace 
aortic regurgitation. Hypercoagulable workup was negative. 
Patient was discharged home to follow up as an outpatient 
on atorvastatin 20 mg daily, valsartan 320 mg daily, 
metoprolol 25 mg twice a day, and sublingual nitroglycerin 
(SL-NTG) as needed. 

Outpatient evaluation

Due to her persistent symptoms, she presented to our 
tertiary care center for further evaluation approximately 2 
weeks after her MINOCA. She had nocturnal angina which 
was relieved by sublingual nitroglycerin, as well as some 
episodes of exertional angina and dyspnea while walking 
uphill. Her Seattle Angina Questionnaire (SAQ) score 
was 97.2 for physical limitation, 50 for angina stability, 
60 for angina frequency, 58.3 for quality of life, and 93.75 
for treatment satisfaction (6). During her initial consult, 
her blood pressure was 135/90 mmHg, pulse was 61 beats 
per minute, and body mass index (BMI) was 22 kg/m2  
with an otherwise unremarkable physical exam. ECG 
demonstrated normal sinus rhythm with no Q-waves but 
nonspecific T wave abnormality. Patient was discontinued 
from metoprolol and prescribed carvedilol, given concern 
for exacerbating suspected coronary spasm. She was also 
started on aspirin given her history of MINOCA. Other 
recommendations included the tapering of hormone 
replacement therapy and referral to cardiac rehabilitation. 
Due to the persistent symptoms in the setting of non-
obstructive CAD, she underwent invasive CRT for 
diagnosis and identification of treatment targets.

CRT

The patient underwent invasive CRT, and all vasoactive 
medications and caffeine were withheld for 24–48 hours 
prior to the test per protocol as previously published (7).  
Baseline coronary angiography demonstrated mild 
atherosclerotic disease of the LAD, with otherwise normal 
epicardial coronary arteries and no evidence of obstructive 
coronary artery disease, coronary dissection or myocardial 
bridging. Transient ECG changes occurred during 
Doppler wire placement accompanied by angina and no 
significant epicardial vasospasm on coronary angiography, 
consistent with microvascular spasm (Figure 1). Her CFR 
in response to 18 mcg IC bolus of adenosine was 5.8 
(abnormal <2.5), indicating supra-normal endothelium-
independent coronary microvascular function (Table 1).  
The endothel ium-dependent coronary epicardial 
function was borderline normal with 2.2% (abnormal 
≤0%) increase in diameter response to 36.4 mcg of IC-
acetylcholine (ACh). Coronary blood flow in response 
to 36.4 mcg of IC ACh increased by 43% (abnormal 
<50%), indicating abnormal endothelial-dependent 
coronary microvascular dysfunction  (CMD). Testing for 
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epicardial coronary vasospasm with 108 mcg of IC ACh 
revealed mild diffuse vasoconstriction of the LAD with a 
quantitative 9% reduction in diameter, along with angina 
and ST depression, indicating the presence of coronary 
microvascular vasospasm but no macrovascular vasospasm. 
There was a normal dilation smooth muscle response to 
200 mcg of IC nitroglycerin, with resolution of angina and 
ST abnormalities. Based on the findings above, patient 
was diagnosed with coronary endothelium-dependent 
microvascular dysfunction and coronary microvascular 
vasospasm. 

CMRI

The patient also underwent CMRI with perfusion imaging 
at rest and with adenosine stress (140 μg/kg per minute) 
nine months after her MINOCA. The results of her 
CMRI conducted for the registry research showed normal 
biventricular function with left ventricular ejection fraction 
62%, no evidence of left ventricular remodeling with left 
ventricular mass/volume ratio 0.7 g/mL, normal regional 
wall motion, no visual late gadolinium enhancement or 
first-pass perfusion defects on qualitative analysis. Semi-

Figure 1 Coronary angiography and electrocardiography during coronary reactivity testing. (A) Baseline coronary angiogram and 12-lead 
electrocardiogram, demonstrating no ischemic abnormalities. (B) Transient ECG changes during Doppler wire placement accompanied by 
angina and no significant epicardial vasospasm on coronary angiography, consistent with microvascular spasm. (C) Mild diffuse epicardial 
vasoconstriction in response to IC acetylcholine (108 mcg), with transient diffuse ST depressions (not captured). (D) Epicardial coronary 
vasodilation and resolution of ischemic ST changes in response to intracoronary nitroglycerin (200 mcg). ECG, electrocardiogram; IC, 
intracoronary.

Table 1 Results of coronary reactivity testing

CMD pathways Microvascular dysfunction Macrovascular dysfunction

Non-endothelial 
dependent

Coronary flow reserve in response to adenosine 5.8  
(abnormal <2.5)

Change in coronary diameter in response to  
nitroglycerin 35% (abnormal <20%)

Endothelial  
dependent

Change in coronary blood flow in response to acetylcholine 
43% (abnormal <50%)

Change in coronary diameter in response to  
acetylcholine 2.2% (abnormal ≤0%)

Spasm Microvascular spasm in response to acetylcholine 108 mcg  
(+ angina, + ischemic ST depression, + 9% vasoconstriction)

Epicardial spasm in response to acetylcholine 108 mcg 
(+ angina, + ischemic ECG, + ≥75% vasoconstriction)

CMD, coronary microvascular dysfunction; ECG, electrocardiogram.

A B
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quantitative analysis of microvascular perfusion revealed a 
low mean global transmural myocardial perfusion reserve 
index (MPRI) of 1.76, in which MPRI 1.84 predicts CMD in 
women with INOCA (8).

Treatment

Following these findings, medical therapy was adjusted. 
Carvedilol was gradually tapered off and long-acting 
diltiazem 120 mg daily was initiated for the treatment of 
coronary microvascular vasospasm prior to discharge. She 
continued to have symptoms with diltiazem and was started 
on amlodipine 5 mg daily with significant improvement. 
SL-NTG was continued as needed for episodes of angina. 
Valsartan, aspirin, and atorvastatin were continued for the 
treatment of hypertension and endothelial dysfunction. 
Estrogen-based hormonal therapy was tapered, and patient 
was referred to cardiac rehabilitation. At 18-month follow-
up, the subject reported responding well to this treatment, 
with reduced frequency of angina occurring every few 
weeks.

Discussion

This case of MINOCA and persistent angina in a patient 
found to have coronary microvascular spasm highlights 
the importance of definitive diagnostic testing for 
coronary vasomotor dysfunction. Identification of the 
underlying causes of MINOCA represent a diagnostic and 
therapeutic challenge to clinicians as there are no current 
appropriate management guidelines established for these 
patients. Prior studies have demonstrated that MINOCA 
represents 6–14% of all acute MI cases and MINOCA is 
also associated with an all-cause mortality rate of 4.7% at 
12-month follow up (9,10). Causes of MINOCA include 
myocarditis, occlusive or cocaine induced coronary spasm 
or thrombosis, plaque erosion, Takotsubo cardiomyopathy, 
spontaneous coronary artery dissection, and genetic 
hypercoagulable disorders (3). 

MINOCA continues to be a therapeutic challenge 
as patients may exhibit a different cardiovascular risk 
profile than obstructive CAD patients. Current methods 
of treatment include targeting known cardiovascular risk 
factors and prescribing angiotensin-converting enzyme 
inhibitors and beta-blockers to alleviate symptoms associated 
with myocardial ischemia (9). MINOCA has been found to 
be more prevalent in women and younger adults and affect 
patients who report a higher frequency of hypertension 

than a diagnosis of hyperlipidemia or diabetes (10). Further 
evaluating the mechanisms of potential underlying causes, 
such as coronary spasm, should be regularly considered as 
a differential diagnosis as it may provide important clinical 
implications for future treatment. 

Coronary spasm, particularly microvascular spasm, is often 
an important etiology of angina that is often overlooked and 
undiagnosed. Coronary microvascular spasm is defined as 
ischemic ECG changes (i.e., ST-segment depression or ST-
segment elevation of 0.1 mV or T-wave peaking in at least 2 
contiguous leads) in the absence of epicardial coronary spasm 
(75% diameter reduction with reproducible symptoms of the 
patient) (11). Prior reports have shown that severe attacks 
of coronary spasm may progress to myocardial infarction or 
sudden death (12). Coronary spasm is not only associated 
with a fixed atherosclerotic lesion but may also present in 
patient with normal arteries or minimal atherosclerosis (11). 
Due to the transient nature of coronary vasospasm and its 
response to nitroglycerin, ECGs and coronary angiography 
may often appear normal at the time of evaluation. In 
addition, noninvasive testing may also appear normal in 
patients with symptoms of ischemia but no obstructive 
coronary arteries (13).

Invasive CRT using vasoactive agents to evaluate macro 
and microvascular responses is considered the gold standard 
for definitive diagnosis of CMD and has been shown by the 
CASPAR (Coronary Artery Spasm in Patients with ACS) 
study to have no clinical adverse events due to injecting 
incremental doses of ACh (14). ACh provocation testing 
has proven to be useful to diagnose both coronary spasm 
and epicardial vasospasm in patients with exertional anginal 
symptoms in the ACOVA (Abnormal Coronary Vasomotion 
in patients with stable angina and unobstructed coronary 
arteries) study, with coronary microvascular spasm found 
in 55% of the patients studied (5). Although provocative 
testing may be effective, it may not as frequently be 
performed as it requires properly equipped facilities, 
experienced physicians, and the appropriate patient 
population presenting with suspected symptoms of coronary 
spasm. Identification of underlying causes of MINOCA 
using a complete diagnostic work-up is important not 
only for knowing its prognostic implications but also for 
determining specific targeted therapies. 

Conclusions

This case presentation evaluates a case of MINOCA 
secondary to coronary microvascular vasospasm in a woman 
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diagnosed by using invasive CRT. Diagnostic strategies 
like CRT used for the detection of vasospasm in coronary 
microvascular disease can be incorporated for routine 
assessment of MINOCA, which can subsequently influence 
clinical management as was shown in this case presentation. 
Prospective clinical trials are needed to ascertain whether 
effective treatment of spasm improves symptoms and 
reduces adverse outcomes.
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