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Cardiac magnetic resonance  
imaging can identify a diagnosis in 
suspected myocardial infarction with 
non-obstructive coronary arteries: 
illustrative case presentations
Danting Wei, Mansi Turaga, Peter Barr, Ruvin Gabriel, Jen-Li Looi

Myocardial infarction (MI) with non-ob-
structive coronary arteries (MINOCA) 
is an increasingly recognised condition 

and accounts for 5% to 9% of all MI cases.1,2 Recent 
study has shown that MINOCA has a higher rate 
of all-cause mortality than age and sex-matched 
population without cardiovascular disease (CVD) 
and the predominant contributor to mortality is 
non-CVD death.3 This suggests the predisposing 
factors for MINOCA remain a potent risk factor 
for non-CVD death. Thus, recent American and 
European expert consensus documents have 
defined MINOCA as a “working diagnosis” that 
should prompt further investigations to ascertain 
the aetiology of the condition.1,2 

Cardiac magnetic resonance (CMR) is not only 
accurate in the assessment of cardiac anatomy and 
function but is also superior in myocardial tissue 
characterization. Late gadolinium enhancement 
(LGE) and T2-weighted imaging allow assessment 
of myocardial scar, focal fibrosis, and myocar-
dial oedema, respectively, thereby enhancing the 
capacity to delineate causes of suspected MINOCA. 
Advanced CMR imaging myocardial tissue char-
acterisation methods such as T1 and T2 mapping 
techniques further improve the diagnosis of myo-
carditis and Takotsubo syndrome.

Novel T1 mapping techniques allow quantita-
tive CMR assessment of myocardial fibrosis, with 
the two most common measures being native 
T1 and extracellular volume (ECV) fraction. 
Native T1 differentiates normal from infarcted 
myocardium, is abnormal in hypertrophic car-
diomyopathy, and is useful in the diagnosis of 
Anderson–Fabry disease and amyloidosis.4 In 
acute MI, native T1 mapping can differentiate 
microvascular obstruction (MVO) in infarcted 
myocardium; it is characterised by T1 values 
higher compared to those of remote myocardium 

but lower compared to those of infarcted myocar-
dium.5,6 Native myocardial T1 relaxation time was 
significantly higher in patients with acute myo-
carditis which is attributed to cellular oedema, 
increased extracellular space and water, inflam-
mation, and myocyte necrosis, all of which com-
monly occur in the acute stage of myocarditis.7

ECV is a surrogate measure of the extracellular 
space and is equivalent to the myocardial volume 
of distribution of the gadolinium-based contrast 
medium. It is reproducible and correlates well 
with fibrosis on histology. ECV is abnormal in 
patients with cardiac failure and aortic stenosis, 
and is associated with functional impairment in 
these groups.8 

T2 mapping has emerged as a valuable tool 
in the CMR assessment of myocardial oedema 
in ischaemic and non-ischaemic cardiomyopa-
thies.9,10 A high T2 value reliably identifies acute 
myocardial oedema in acute MI without the lim-
itations associated with T2-weighted imaging.9 
whereas in chronic MI, T2 value is normal as myo-
cardial oedema resolves within six months after 
an acute insult. T2 value is also significantly ele-
vated in patients with acute myocarditis indicat-
ing myocardial inflammation.10 

We describe three cases in which CMR ensures 
the correct diagnosis for optimal management 
and treatment of patients with MINOCA.

Case 1
A 57-year-old woman with hypertension, 

hyperlipidaemia, and family history of prema-
ture coronary artery disease presented with chest 
pain, elevated high-sensitive troponin (hs-TnT), 
and dynamic ST-segment changes in the anterior 
leads on electrocardiogram (ECG). Coronary angi-
ography showed trivial coronary artery disease 
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and transthoracic echocardiogram demonstrated 
hypokinesis of anteroseptal and inferoseptal, api-
cal inferior and lateral walls. The diagnosis of 
Takotsubo syndrome was initially made based 
on these findings. Subsequent echocardiograms 
continued to show persistent hypokinesis of the 
septum. CMR (Figure 1A–1C) demonstrated myo-
cardial fibrosis involving the septal wall, a pattern 
in keeping with previous left anterior descend-
ing (LAD) territory infarction. Further review of 
her angiography revealed paucity of the septal 
branches arising from the LAD (Figure 1D, Sup-
plementary Video 1), raising the possibility of an 
occluded vessel.

Case 2
A 57-year-old woman presented with fever, 

chest pain, elevated hs-TnT, and C-reactive pro-
tein (CRP). Coronary angiography demonstrated 
near normal coronaries. CMR was performed 
as part of the workup of suspected myocardi-
tis. T2-weighted short-tau inversion recovery 
(T2-STIR) imaging and T2 mapping (Figure 2A and 
2B) showed an oedematous area in the inferolat-
eral wall. Native T1 mapping (Figure 2C) and LGE 
imaging (Figure 2D and 2E) revealed transmural 
myocardial fibrosis with MVO in the inferolat-
eral wall, a pattern in keeping with circumflex 
artery territory infarction. Further review of her 
angiography (Figure 2F, Supplementary Video 2) 
demonstrated occlusion of the distal circumflex 
artery due to spontaneous coronary artery dis-
section (SCAD).

Case 3
A 75-year-old woman with hypertension, hyper-

lipidaemia, and previous transient ischaemic attack 
presented with chest pain and elevated hs-TnT. She 
was competing in an art competition a few hours 
prior to admission. Transthoracic echocardiogram 
demonstrated hypokinesis of the anteroseptal and 
anterior walls. Coronary angiography showed 
moderate disease in mid LAD (Figure 3A). Frac-
tional flow reserve (FFR) was performed to the 
LAD as the vessel is large and does wrap around 
the apex and it suggested non-obstructive disease 
(FFR 0.87). The appearance of the left ventriculo-
gram raises the possibility of Takotsubo syndrome 
(Figure 3B). CMR was subsequently performed to 
clarify the diagnosis. Native T1 mapping (myocar-
dium T1 value 1201 msec, normal range 1225–1275 
msec) and LGE imaging showed no evidence of 
myocardial fibrosis (Figure 3C and 3D). The region-
ality previously noted on transthoracic echocardio-
gram had resolved and this is in keeping with the 
diagnosis of Takotsubo syndrome.

Supplementary material
• Supplementary Video 1: Angiography 

showing paucity of the septal branches 
arising from the LAD, raising the possibility 
of an occluded vessel.

• Supplementary Video 2: Angiography 
showing occlusion of the distal circumflex 
artery due to spontaneous coronary artery 
dissection.

https://youtu.be/h1W8WtoFDo4
https://youtu.be/h1W8WtoFDo4
https://youtu.be/h1W8WtoFDo4
https://youtu.be/h1W8WtoFDo4
https://youtu.be/TZX5vKomOno
https://youtu.be/TZX5vKomOno
https://youtu.be/TZX5vKomOno
https://youtu.be/TZX5vKomOno
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Figure 1: A. Pre-contrast T1 mapping showed an abnormally increased T1 signal (black arrows) involving the an-
teroseptal wall, suggestive of myocardial fibrosis. B & C. On LGE imaging, there was near transmural enhancement 
(red arrows) involving the anteroseptal wall, a finding in keeping with myocardial infarction. D. Coronary angiog-
raphy revealed paucity of sepal branches arising from the LAD (yellow circle) raising the possibility of an occluded 
vessel.
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Figure 3: A. Coronary angiography revealed moderate disease in mid LAD (yellow arrows). B. Left ventriculogram 
demonstrated apical akinesis and basal hypercontractility raised the possibility of Takotsubo syndrome. C & D. 
There was no myocardial fibrosis on LGE imaging. This is in keeping with the diagnosis of Takotsubo syndrome.

Figure 2: A. There was a hyperintense signal (yellow arrows) in the inferolateral wall, suggestive of myocardial oe-
dema on T2-STIR imaging. B. Compared to the anterolateral wall (mean T2 value 35 msec, normal range <50 msec), 
T2 value was significantly higher in the inferolateral wall (mean T2 value 60 msec) indicating acute myocardial oe-
dema. C. Pre-contrast T1 mapping showed an abnormally increased T1 signal involving the inferolateral wall. There 
was a dark region (red arrows) within the bright myocardium in keeping with microvascular obstruction (MVO). D 
& E. On LGE imaging, there was transmural myocardial enhancement in the inferolateral wall. MVO is observed as 
hypo-enhanced region within hyper-enhanced infarcted myocardium (yellow arrows). F. Coronary angiography re-
vealed occlusion of a large circumflex artery (yellow arrow) secondary to spontaneous coronary artery dissection.
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