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In the following case series, we describe the clinical presentation of 2 patients with myocardial infarction with

nonobstructive coronary arteries with different underlying pathophysiologic mechanisms. In both scenarios, cardiac

magnetic resonance (CMR) imaging provided comprehensive tissue characterization with both conventional parametric

mapping techniques and CMR fingerprinting. These cases demonstrate the diagnostic utility for CMR to elucidate the

underlying etiology and appropriate therapeutic strategy. (Level of Difficulty: Advanced.) (J Am Coll Cardiol Case Rep

2023;7:101722) © 2023 Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
M yocardial infarction (MI) with nonobstruc-
tive coronary arteries (MINOCA) is
defined as the presence of acute MI that

fulfills the fourth universal definition of MI criteria
(based on cardiac biomarkers and corroborative clin-
ical evidence) in the absence of obstructive coronary
artery disease (CAD) on invasive coronary
EARNING OBJECTIVES

To describe the current definition of MINOCA
and diagnostic approach.
To recognize the role of CMR as a diagnostic
imaging modality for the diagnosis of
MINOCA.
To describe the potential role of CMR
fingerprinting to augment diagnostic yield.
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angiography (<50% stenosis).1 MINOCA accounts for
6% to 15% of all troponin-positive acute coronary syn-
dromes, disproportionately affecting women,1-4 and
is associated with significant adverse outcomes.2 Car-
diac magnetic resonance (CMR) is an important
noninvasive imaging modality to determine the
pattern of acute myocardial injury (ischemic vs noni-
schemic).5-7 We report 2 cases of MINOCA high-
lighting the important diagnostic utility of CMR with
quantitative parametric mapping, including the
promise of CMR fingerprinting (cMRF) (Figure 1).6

PATIENT 1

A 54-year-old man with hypertension presented
with acute chest pain. Electrocardiogram demon-
strated T-wave abnormalities in the inferolateral
leads and elevated high-sensitivity cardiac troponin T
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FIGURE 1 Accelerated Images
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level (0.075 ng/mL; normal range: 0-
0.029 ng/mL). Echocardiogram was unre-
markable, and coronary angiography
revealed nonobstructive CAD (Video 1).

CMR obtained 1 week after symptom onset
revealed mid inferolateral and apical lateral
wall hypokinesis with near transmural late
gadolinium enhancement (LGE) extending
into the adjacent pericardium. Because of the
paucity of significant risk factors for CAD and
the atypical presentation, the diagnosis of
myopericariditis was entertained as the likely
etiology, and the patient received treatment
with colchicine and ibuprofen.

The patient underwent CMR 6 months
later, which demonstrated regional wall
motion abnormalities and evolution of LGE
from a transmural to a subendocardial
pattern, which was more consistent with an
ischemic insult (Video 2). Modified Look-Locker
inversion recovery sequence resulted in prolonged
native T1 time in the midinferolateral segment (1,112
Are Reconstructed and Coil-Combined to Produce a Time Serie

fingerprint (cMRF) signal for a voxel (yellow box) is measured an

best match by maximizing the inner product. This procedure is rep

(a.u.).
� 54 ms [normal range for 1.5-T: 950 � 21 ms]).8

Postcontrast images demonstrated shortening of T1

time as well as increased extracellular volume (ECV)
(T1 postcontrast: 289 � 80 ms; ECV: 34% � 7%).
T2-weighted gradient and spin echo sequence
(GRASE) yielded normal T2 time (Figure 2).9 cMRF
was also performed, which demonstrated compara-
ble differences to conventional T1/ECV mapping
while providing simultaneous T2 measurements
within the same slice. Interestingly, cMRF T2

demonstrated increased T2 time in the lateral wall,
suggestive of persistent myocardial edema
(Figure 2). Additional regional tissue deformation
analysis demonstrated abnormal peak radial and
longitudinal strain of the lateral and immediate
adjacent segments (Figure 3).

The constellation of findings was consistent with
near transmural ischemic myocardial injury of the
inferolateral/lateral wall with concomitant myocar-
dial edema, with interval improvement on follow-up
study. Therefore, ibuprofen and colchicine were dis-
continued, and aspirin was initiated.
s of Image Data

d compared to a dictionary of signal evolutions for different tissue

eated for each voxel to obtain T1, T2, and M0 maps. Units: T1 and T2:
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FIGURE 2 Patient 1 Tissue Analysis

(Upper row) MOLLI pre- and post-CA–generated T1 and ECV maps demonstrating abnormal values in the midinferolateral segment (region of interest 2,

arrow) as well as GRASE sequence T2-generated maps with normal values. (Lower row) cMRF T1- and ECV-generated maps with similar findings compared

with conventional techniques. CA ¼ contrast administration; cMRF ¼ cardiac magnetic resonance fingerprint; ECV ¼ extracellular volume;

GRASE ¼ gradient and spin echo sequence; MOLLI ¼ modified Look-Locker inversion recover sequence.

FIGURE 3 Patient 1

(A) Echocardiographic peak longitudinal strain demonstrating low GLS (-13.4%). Note that radial and circumferential strain could not be assessed because

of poor echocardiographic windows. (B) Peak radial, circumferential, and longitudinal strain polar maps obtained by 3-dimensional cardiac magnetic

resonance. AHA ¼ American Heart Association; GLS ¼ global longitudinal strain.
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FIGURE 4 Patient 2 Tissue Analysis

(Upper row) MOLLI pre- and post-CA–generated T1 and ECV maps demonstrating abnormal values in the midanterolateral segment (region of interest 2, arrow) as well

as GRASE sequence T2-generated map consistent with increased edema (region of interest 2). (Lower row) cMRF T1-, ECV-, and T2-generated maps with similar

findings compared with conventional techniques. Abbreviations as in Figure 2.
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EXPERT. Discerning acute ischemic injury vs
myocarditis in the setting of normal coronary arteries
or nonobstructive CAD can be difficult because both
etiologies can potentially present with near trans-
mural LGE with adjacent pericardial inflammation.
Parametric mapping may provide additional insights
because myocarditis often results in global increases
in native T1/T2 in addition to focal areas of more
significantly increased T2, whereas MINOCA results in
focal native T1/T2 elevation in myocardial segments
corresponding to the coronary distribution of the
infarct-related artery. Because MINOCA often results
in smaller areas of myocardial ischemia/infarct, areas
of T2 elevation may also be more focal and may be
better discerned with parametric mapping tech-
niques. Differences in breath holds can result in
misalignment of conventionally acquired T1/T2 data,
given that these sequences must be acquired in
separate and potentially different breath holds. cMRF
provides the ability for simultaneous T1/T2 mapping,
thus providing precise coregistration to identify focal
areas of coexisting increased myocardial fibrosis and
edema. Conventional T1/T2 mapping and cMRF were
not available on the CMR scanner at the hospital
where the patient initially presented, thus high-
lighting the need for standardized CMR protocols to
provide optimal quality of care.
PATIENT 2

A 61-year-old woman with hypertension and hyper-
lipidemia presented with angina. Electrocardiogram
demonstrated T-wave abnormalities in the antero-
lateral leads. Cardiac troponin I level was elevated,
and echocardiogram revealed mild left ventricular
dysfunction (left ventricular ejection fraction: 48%)
with anterolateral wall hypokinesis. Coronary angi-
ography within 10 days of symptom onset demon-
strated nonobstructive CAD, without evidence of
plaque disruption or dissection on optical coherence
tomography (OCT) (Video 3). There was no evidence
of microvascular disease after invasive vasodilator
testing with adenosine (coronary flow reserve: 3.6;
fractional flow reserve: 0.94). Invasive testing with
acetylcholine challenge was remarkable for left
anterior descendent vasospasm in the absence of
symptoms. CMR was obtained 11 days after the initial
presentation, which demonstrated mild left ventric-
ular dysfunction (left ventricular end diastolic vol-
ume index: 98 mL/m2; left ventricular ejection
fraction: 46%), transmural LGE of the midantero-
lateral and apical lateral walls, and associated hypo-
kinesis (Video 4). Conventional T1 mapping
demonstrated prolonged native T1 time and elevated
ECV in the midanterolateral wall (1,149 � 136 ms
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FIGURE 5 Patient 2

(A) Echocardiographic peak longitudinal strain demonstrating low GLS (-15.4%). Note that the radial and circumferential strain could not be assessed because of poor

echocardiographic windows. (B) Peak radial, circumferential, and longitudinal strain polar maps obtained by 3-dimensional CMR. AHA ¼ American Heart Association;

ANT ¼ anterior; GS ¼ global strain; INF ¼ inferior; LAT ¼ lateral; POST ¼ posterior; SEPT ¼ septal.
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[normal range of T1 values for 1.5-T: 950 � 21 ms];
ECV: 57% � 8%).8 T2 GRASE yielded prolonged T2

times in the midanterolateral wall (92 � 12 ms [normal
range: 52 ms; 95% CI: 51-53 ms]),9 consistent with
myocardial edema (Figure 4). This relaxation profile
was mirrored by cMRF T1 and T2 mapping (Figure 4).
The relative degree of native T1 and T2 prolongation
in the midanterior wall was similar with conventional
vs cMRF T1 mapping in the affected anterolateral
wall. Cine steady-state free precession imaging and
tissue tracking strain analysis demonstrated hypo-
kinesis and abnormal peak radial/longitudinal strain
of the midanterior/anterolateral walls (Figure 5).

The constellation of findings suggests that MINOCA
in this case was secondary to vasospasm with
transient flow-limiting stenosis of the diseased first
obtuse marginal branch. Treatment with calcium-
channel blocker, aspirin, and statins was prescribed.

EXPERT. Intracoronary imaging remains underused
and can provide important diagnostic clues. Integra-
tion of coronary OCT and CMR has recently been
shown to provide diagnostic determination in 85% of
women presenting with suspected MINOCA.2 Given
the regional pattern of T1/ECV elevation in the setting
of subendocardial LGE, increased T2, and wall motion
abnormalities corresponding to the potential culprit
lesion and vasospasm, the complementary nature of
OCT and CMR validates the findings of the recently
published article by Reynolds et al.2



FIGURE 6 Flowchart of the Diagnosis and Management of Patients With MINOCA

CAD ¼ coronary artery disease; CFR ¼ coronary flow reserve; ECV ¼ extracellular volume; EKG ¼ electrocardiogram; FFR ¼ fractional flow reserve; iFR ¼ instantaneous

wave-free ratio; IVUS ¼ intravascular ultrasound; LGE ¼ late gadolinium enhancement; MINOCA ¼ myocardial infarction with nonobstructive coronary arteries;

MR ¼ magnetic resonance; MRI ¼ magnetic resonance imaging; OCT ¼ optical coherence tomography.
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DISCUSSION

Recent American Heart Association/American College
of Cardiology chest pain guidelines have indicated
CMR with Class 1 indication for the evaluation of
MINOCA, especially when integrated with OCT and
cardiac troponin levels, with a diagnostic yield
ranging from 85% to 94% while also allowing for risk
stratification.1,2,10

Although recent expert consensus excluded
nonischemic etiologies in the definition of MINOCA,
differentiating this condition from myocarditis and
stress-induced cardiomyopathy remains challenging.11

cMRF has emerged as an exciting multiparametric
imaging technique that enables simultaneous
myocardial T1 and T2 mapping in a single breath
hold.5,6 cMRF thus provides the opportunity to
condense tissue characterization imaging protocols
while also providing the opportunity for analysis of
the magnetic signal time courses or “fingerprints.”
which has shown promising results to better differen-
tiate tissue changes associated with cardiac amyloid
deposition compared with conventional T1/T2 map-
ping7 and may provide incremental opportunities in
the diagnosis of MINOCA. Additional novel CMR
techniques, such as diffusion-weighted imaging and
perfusion imaging, may provide orthogonal bio-
markers to complement myocardial T1 and T2 values
to better reveal the underlying etiology of acute
myocardial injury.12

In conclusion, CMR provides important diagnostic
utility in patients presenting with suspected
MINOCA. Further studies are needed to demonstrate
the incremental impact of novel CMR technologies to
improve diagnostic yield and/or streamline our cur-
rent CMR imaging protocols. Figure 6 outlines a
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proposed diagnostic algorithm for patients presenting
with presumed MINOCA.
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