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Abstract

Myocardial infarction with nonobstructive coronary arteries (MINOCA) is a potentially multipa-

thogenic syndrome that affects a subgroup of patients who present with acute myocardial infarction

yet have no significant coronary artery disease on angiography. We herein describe a 71-year-old

man with typical angina who showed inferior ST-segment elevation on electrocardiography and an

increased troponin-I level. Emergency coronary angiography showed no angiographic stenosis.

Cardiac magnetic resonance imaging (CMR) and myocardial contrast echocardiography (MCE)

with two-dimensional speckle tracking imaging (2D-STI) were performed after coronary angiogra-

phy. Good consistency was observed between the CMR findings and MCE with 2D-STI findings in

identifying the potential causes of MINOCA. We explored an imaging method that is potentially

more effective and accurate than CMR, namely MCE combined with 2D-STI, to identify myocardial

abnormalities when angiography reveals no obstruction. This application of MCE with 2D-STI may

optimize timely treatment. MINOCA has various causes, and the patient in this case was discharged

with aspirin, verapamil, and atorvastatin on the presumption that the infarct had arisen from either

plaque disruption or coronary spasm. In this study, we analyzed the etiology, clinical diagnosis, and

treatment of MINOCA with reference to the relevant literature.
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Introduction

Myocardial infarction with nonobstructive

coronary arteries (MINOCA) is character-

ized by clinical evidence of acute myocardi-

al infarction (AMI) with normal or near

normal coronary arteries on angiography

(stenosis severity of <50% in main epicar-

dial coronary arteries).1 MINOCA is

not uncommon in patients with AMI.

A recent systematic review showed that

the prevalence of MINOCA ranges from

1% to 14% with an overall prevalence of

6% (95% confidence interval, 5%–7%).2

Therefore, it is important to actively use a

variety of diagnostic techniques to deter-

mine the multiple potential causes of

MINOCA, many of which require different

treatments. The prognosis is not benign and

is likely to be heterogeneous depending on

the underlying cause of the infarction.

Case report

A 71-year-old man with a medical history of

arterial hypertension presented to the emer-

gency room because of mid-sternal chest pain

episodes that lasted from 10 to 20 minutes

and had started 2 hours previously.

He reported no radiating pain. On further
questioning, the patient stated that he had
experienced no chest pain prior to presenta-
tion and had no specific disease related to
the present chest pain or family genetic his-
tory. On arrival, the patient’s heart rate was
70 beats/minute and his blood pressure was
100/68mmHg. Cardiovascular examination
findings were normal with an undisplaced
apex beat, normal heart sounds, no mur-
murs or pericardial rub, and normal breath
sounds on auscultation. An electrocardio-
gram was obtained during an episode of
chest pain, and ST-segment elevation was
recorded in precordial leads II, III, and
AVF (Figure 1). The patient’s serum cardiac
troponin-I level was elevated at 3.78ng/mL
(upper limit of normal, 0.4 ng/mL). A com-
plete blood count, coagulation profile, natri-
uretic peptide level, and comprehensive
metabolic profile were within normal limits.
Notably, his high-sensitivity C-reactive pro-
tein level, sedimentation rate, and autoim-
mune panel were negative. The patient was
suspected to have an evolving ST-segment
elevation myocardial infarction and was
immediately admitted for monitoring
and treatment with sublingual nitrate and
loading doses of aspirin, ticagrelor, and

Figure 1. During the chest pain episode, the electrocardiogram showed an ST-segment elevation in
precordial leads II, III, and AVF (black arrow).
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atorvastatin. Within 1 hour of arrival to the
emergency department, he was transferred
on an emergency basis to the cardiac cath-
eterization laboratory of our heart attack
center. Coronary angiography (CAG)
revealed no abnormalities (Figure 2). The
troponin-I level rose from 3.78 ng/L on
arrival to 15.2 ng/L at 12 hours after hospi-
talization, and on day 2, an electrocardio-
gram showed negative T waves in the same
precordial leads. His antinuclear antibody
spectrum and antiphospholipid antibody
were negative.

Angiography revealed no findings that
could explain the cause of the acute
coronary syndrome; therefore, further
examinations were performed. Thoracic
enhanced computed tomography with
vascular three-dimensional imaging, two-
dimensional transthoracic echocardiogra-
phy (TTE), and cardiac magnetic resonance
imaging (CMR) were performed after CAG.
Thoracic enhanced computed tomography
with vascular three-dimensional imaging
showed no abnormal lesions such as aortic
dissection, pulmonary embolism, or inflam-
mation. TTE showed enlargement of the
left ventricle (inner diameter of 56mm), a
normal left ventricular ejection fraction

(61%), anterior and inferior wall dyskine-
sia, an akinetic apex, a thickened ventricu-
lar septum, enlargement of the inner
diameter of the ascending aorta, and
aortic valve calcification with regurgita-
tion. The patient subsequently underwent
myocardial contrast echocardiography
(MCE) with two-dimensional speckle
tracking imaging (2D-STI). MCE showed
a large microvascular defect in the basal–
mid segments of the inferoseptal and
inferior walls in the apical four-chamber
and two-chamber views and confirmed
the absence of any other cardiomyopathy
or left ventricular apical thrombosis.
2D-STI showed that the left ventricular
global longitudinal strain was significantly
reduced, especially in the basal–mid seg-
ments of the anterior-inferior septal and
inferior walls (Figure 3). CMR performed
48 hours after the onset of chest pain
showed an increased left ventricular
volume (120.6mL/m2) and thinning of
the apical ventricular wall with akinetic
motion (Figure 4(c), (d)). Cardiac cine
images showed mitral valve and aortic
valve regurgitation and a small amount
of pericardial effusion. No obvious filling
defects were present in the first-pass

Figure 2. Coronary angiography showed normal coronary arteries. (a) Left coronary artery. (b) Right
coronary artery.
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Figure 4. In the (a) apical four-chamber and (b) apical long-axis views of myocardial contrast
echocardiography, perfusion defects were revealed in the apical and basal–mid segments of the inferoseptal
and basal–mid segments of the inferior wall (arrows). The (c) four-chamber and (d) short-axis views
of cardiac magnetic resonance imaging revealed subendocardial enhancement of the apical and mid
segments of the inferoseptal and inferior walls (arrows). Recorded 24 hours after successful coronary
angiography.

Figure 3. (a) During the myocardial contrast echocardiography procedure 24 hours after successful cor-
onary angiography, a large microvascular defect was still present in the right coronary artery territory in the
apical two-chamber view. (b) The 17-segment bulls-eye model showed that the longitudinal peak strain was
significantly reduced in the basal–mid segments of the anterior-inferior septal and inferior walls.
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perfusion images, and late gadolinium
enhancement showed abnormal transmu-
ral hyperintensity with a patch of signal
void in the apical inferior wall of the left
ventricle. Hence, myocarditis was excluded
and myocardial infarction was considered.

After the CAG procedure, other under-
lying causes were taken into consideration
according to the working diagnosis of
MINOCA. The CMR findings then con-
firmed the diagnosis of subendocardial
myocardial infarction, confirming the
patient’s AMI. MINOCA was therefore a
plausible final diagnosis. The patient
remained asymptomatic during the rest of
the hospitalization and developed no recur-
rent ischemic events or other complications.
He was discharged in good condition on the
seventh day post-admission. He did not
receive antithrombotic therapy because he
had no evidence of a thrombus. The patient
was discharged home on a daily aspirin,
beta blocker, calcium channel blocker,
angiotensin-converting enzyme inhibitor,
and statin and was scheduled for a follow-
up examination with his cardiologist and
primary care physician. During follow-up
4 months later, TTE showed the same
wall motion abnormalities, but the ejection
fraction had improved to 68%. The First
Affiliated Hospital of Kunming Medical
University does not require ethical approval
for the reporting of individual cases.
Written informed consent was obtained
from the patient for publication of this
case report and its accompanying images.

Discussion

Fundamental to the definition of MINOCA
is the diagnosis of AMI. According to the
Fourth Universal Definition of Myocardial
Infarction, the diagnosis of myocardial
infarction indicates that an ischemic mech-
anism is responsible for the myocyte injury
(i.e., nonischemic causes such as myocardi-
tis have been excluded).1 With this revised

concept of AMI, the term “MINOCA”
should be reserved for patients who have
an ischemic basis for their clinical presenta-
tion. In evaluating these patients whose
CAG reveals no significant disease, it is
important to first exclude nonischemic
causes of the apparent AMI (i.e., nonische-
mic causes of an elevated troponin level)
and clinically overt causes of the elevated
troponin level (e.g., sepsis or pulmonary
embolism). Given the absence of angio-
graphic evidence of coronary artery disease,
the present case fits the diagnostic criteria
for MINOCA, which is characterized by the
diagnosis of AMI and no clinically appar-
ent cause of the presentation. Once these
conditions have been excluded using avail-
able diagnostic resources, a diagnosis of
MINOCA can be made. The next key step
is to seek the underlying cause. The prog-
nosis of MINOCA is unclear and likely to
be heterogeneous, considering the various
mechanisms responsible for the syndrome.
Patients should be clinically re-evaluated in
the light of the findings, with consideration
given to the potential causes that were well
illustrated by Pasupathy et al.3 and are
listed in Table 1. Other possible mecha-
nisms of AMI in this case include thrombo-
sis due to a plaque disruption or coronary
artery spasm. Prolonged coronary spasm
can cause temporary occlusion of the coro-
nary artery and resultant myocardial ische-
mia.4 Furthermore, coronary spasm can
trigger acute thrombus formation via plate-
let activation, resulting in the progression of
coronary atherosclerosis.5,6 Vasospasm
may occur with normal coronary arteries
or in combination with atherosclerotic
lesions.7 Vasospasm should also be consid-
ered in patients with few risk factors for
coronary artery obstruction and nonob-
structive arterial occlusion.4 The AMI was
considered to have been caused by plaque
destruction or coronary artery spasm in this
patient. It is therefore plausible that the
patient had MINOCA without serious
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consequences because of the prompt drug
therapy performed.

Previous studies have shown that
approximately one-fifth of patients with
MINOCA have CMR findings of a delayed
subendocardial increase, suggesting myo-
cardial infarction. Despite further examina-
tion, the etiology remains unclear in a
significant proportion of patients with
MINOCA. In patients with an acute coro-
nary syndrome-like presentation but
normal coronary arteries, MCE combined
with 2D-STI is useful not only to differen-
tiate cardiomyopathy or left ventricular
apical thrombosis from an ischemic event
but also to identify alternative etiologies.
For example, MCE with adenosine can

confirm clinicians’ suspicion for takotsubo

cardiomyopathy by showing reversible cor-

onary microvascular contraction.8 MCE

combined with 2D-STI and CMR can

allow for evaluation of myocardial contrac-

tility and microvascular dysfunction, left

ventricular regional systolic function, intra-

cavitary thrombi, and microvascular flow

within the infarct territory. In the 2018

American Society of Echocardiography

Guidelines Update, MCE is recommended

for patients presenting to the emergency

department with suspected myocardial

ischemia, in which case regional function

assessment is performed with ultrasound

enhancing agents.9 In the present case, we

found good consistency between the CMR

findings and MCE with 2D-STI findings

(Figures 3, 4). At present, the management

of MINOCA remains empirical, and regu-

lar follow-up of these patients is required

to determine the therapeutic efficacy. We

should also explore further investigation

techniques that involve less risky and inex-

pensive noninvasive tests, such as CMR

and MCE combined with 2D-SDI to diag-

nose and treat MINOCA in a timely

manner. Certainly, techniques such as intra-

vascular ultrasound imaging, optical coher-

ence tomography, provocative testing for

coronary spasm, and thrombophilia testing

can also be selected to further evaluate the

underlying cause.
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Table 1. Diagnostic considerations regarding the
cause of MINOCA.

Cardiac causes Noncardiac causes

Coronary disorders Renal impairment

Coronary artery spasm Pulmonary

embolism

Microvascular spasm

Microvascular dysfunction

Coronary slow-flow

phenomenon

Plaque disruption/coronary

thrombus

Coronary emboli

Spontaneous coronary

artery dissection

Myocardial bridging

Myocardial disorders

Cardiomyopathy

(takotsubo)

Myocarditis

Myocardial trauma or

injury

Tachyarrhythmia-induced

infarct

Thrombotic disorders

Factor V Leiden

Protein C and S deficiency

MINOCA, myocardial infarction with nonobstructive

coronary arteries.

5908 Journal of International Medical Research 47(11)



ORCID iD

Ying Rao https://orcid.org/0000-0001-7698-
7663

References

1. Thygesen K, Alpert JS, Jaffe AS, et al. Fourth
universal definition of myocardial infarction
(2018). Circulation 2018; 138: e618–e651. doi:
10.1161/CIR.0000000000000617.

2. Pasupathy S, Air T, Dreyer RP, et al.
Systematic review of patients presenting
with suspected myocardial infarction and
nonobstructive coronary arteries. Circulation
2015; 13: 861–870.

3. Pasupathy S, Tavella R, McRae S, et al.
Myocardial infarction with non-obstructive
coronary arteries – diagnosis and manage-
ment. Eur Cardiol 2015; 10: 79–82.

4. Agewall S, Beltrame JF, Reynolds HR, et al.
ESC working group position paper on myo-
cardial infarction with non-obstructive coro-
nary arteries. EurHeart J 2017; 38: 143–153.

5. Nakayama N, Kaikita K, Fukunaga T, et al.
Clinical features and prognosis of patients

with coronary spasm-induced non-ST-seg-
ment elevation acute coronary syndrome.
J Am Heart Assoc 2014; 3: e000795.

6. Morimoto S, Shiga Y, Hiramitsu S, et al.

Plaque rupture possibly induced by coro-
nary spasm–an autopsy case of acute myo-
cardial infarction. Jpn Circ J 1988; 52:

1286–1292.
7. Ong P, Athanasiadis A, Hill S, et al.

Coronary artery spasm as a frequent cause
of acute coronary syndrome: the CASPAR

(coronary artery spasm in patients with
acute coronary syndrome) study. J Am Coll

Cardiol 2008; 52: 523–527.
8. Galiuto L, De Caterina AR, Porfidia A, et al.

Reversible coronary microvascular dysfunc-
tion: a common pathogenetic mechanism in
apical ballooning or takotsubo syndrome.

Eur Heart J 2010; 31: 1319–1327.
9. Porter TR, Mulvagh SL, Abdelmoneim SS,

et al. Clinical applications of ultrasonic
enhancing agents in echocardiography: 2018

American Society of Echocardiography guide-
lines update. J Am Soc Echocardiogr 2018; 31:
241–274.

Rao et al. 5909

https://orcid.org/0000-0001-7698-7663
https://orcid.org/0000-0001-7698-7663
https://orcid.org/0000-0001-7698-7663

	table-fn1-0300060519881567

