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In approximately 10% of patients with acute myocardial infarction (MI), angiography does not reveal an obstructive coronary
stenosis. This is known as myocardial infarction with non-obstructive coronary arteries (MINOCA), which has complex and
multifactorial causes. However, this term can be confusing and open to dual interpretation, because MINOCA is also used to
describe patients with acute myocardial injury caused by ischemia-related myocardial necrosis. Therefore, with regards to this
specific context of MINOCA, the generic term for MINOCA should be replaced with troponin-positive with non-obstructive coronary
arteries (TpNOCA). The causes of TpNOCA can be subcategorized into epicardial coronary (causes of MINOCA), myocardial, and
extracardiac disorders. Cardiac magnetic resonance imaging can confirm MI and differentiate various myocardial causes, while

cardiac computed tomography is useful to diagnose the extracardiac causes.
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INTRODUCTION

Elevated cardiac troponin in the serum serves as a
sensitive and specific marker for the presence of myocardial
injury. A rise and fall in serum cardiac troponin levels
within two weeks indicates acute myocardial injury (1).
Acute myocardial infarction (AMI) is defined as the
presence of acute myocardial injury plus at least one of the
following findings: symptoms of acute myocardial ischemia,
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ischemic electrocardiogram (ECG) changes, newly developed
pathologic Q waves, and new loss of viable myocardium or
wall motion abnormality (1). However, in approximately
10% of AMI cases, angiography does not reveal obstructive
coronary artery disease (CAD). This is known as myocardial
infarction with non-obstructive coronary arteries (MINOCA),
which has complex and multifactorial pathophysiological
mechanisms (2). An early cohort study showed that the
prognosis in these patients is not as benign, and the all-
cause mortality may be as high as 4.7% at 12 months (3).
The term MINOCA is used to create a common nomenclature
for these groups that can often be overlooked, and to
encourage evaluation of underlying causes and appropriate
management strategies (4). Therefore, MINOCA is a “working
diagnosis” that necessitated the identification of an
underlying cause for a more targeted therapeutic approach.

Definition of Troponin-Positive with Non-
Obstructive Coronary Arteries and MINOCA

In general, the term MINOCA is used in an all-encompassing
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TpNOCA and MINOCA

context to include all patients fulfilling the universal criteria
for AMI without obstructive CAD and no clinically overt cause
of presentation at the time of the coronary angiography (4).
However, the term MINOCA is also used in a more specific
context to describe patients with acute myocardial injury
caused by evidence of ischemia-related myocardial necrosis
(3, 5). This dual interpretation for the term MINOCA can

be confusing, particularly during treatment; therefore, the
generic form of the term should be replaced with “troponin-
positive with non-obstructive coronary arteries (TpNOCA)!
The term TpNOCA refers to all conditions with elevated
troponin levels (regardless of underlying etiology) plus non-
obstructive coronary arteries on the coronary angiography,
whereas MINOCA only refers to acute myocardial injury
caused by myocardial ischemia (i.e., AMI caused by coronary
plaque rupture or occlusion) and non-obstructive coronary
arteries on the coronary angiography (3, 6).

TpNOCA should be subcategorized by epicardial coronary
causes (MINOCA), myocardial causes, and extracardiac
causes (7). Figure 1 illustrates the definition, various
causes, and differentiating features between TpNOCA and
MINOCA (3).

Role of Multimodality Imaging Tools for
Evaluation of TpPNOCA or MINOCA

When MINOCA is diagnosed during invasive coronary
angiography (ICA), the potential causes of MINOCA should
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be re-evaluated considering the clinical presentations.

The ICA may provide coronary etiologies such as coronary
thrombi/embolism or dissection. Pharmacologic tests

for factors associated with spasm provocation such

as ergonovine or acetylcholine can help diagnose

coronary artery spasms (7). Performing an ergonovine
echocardiography before a coronary angiography is also
safe and can be used as a reliable diagnostic screening test
for coronary vasospasm in patients with negative treadmill
or normal stress myocardial perfusion scan results (8).
Furthermore, higher resolution intracoronary imaging at the
time of cardiac catheterization with intravascular ultrasound
(IVUS) or optical coherence tomography (OCT) may be useful
to identify plaque disruption as well as coronary dissection
or thrombosis, which may not have been revealed during
the ICA (4). Cardiac magnetic resonance imaging (CMR) is
known to be a problem-solving tool for the evaluation of
MINOCA/TpNOCA because it can confirm or exclude MI (Fig.
2) and can differentiate various myocardial causes such as
myocarditis or other cardiomyopathies (9). However, CMR
shows normal results in 8-67% of patients with MINOCA/
TpNOCA and has limited availability due to requiring a long
examination time and being high cost. As an alternative
imaging tool, cardiac computed tomography (CT) has the
potential ability for evaluating MINOCA/TpNOCA since it
can comprehensively analyze the coronary artery anatomy,
myocardial perfusion, wall motion of both the ventricles,
and extracardiac structures such as pulmonary arteries

Coronary causes
(MINOCA)

* Plaque disruption

« Coronary dissection

* Coronary thrombus/embolus
« (S

- PE

* Sepsis
* Stroke

Troponin-positive non-obstructive coronary arteries

(TpNOCA)

Non-cardiac causes
* Aortic dissection

* Renal impairment

Myocardial causes

* Myocarditis
* TCM
« Other cardiomyopathies
* Tachyarrhythmia
« Cardiotoxins

Fig. 1. Definition, various causes and differential points of TPNOCA and MINOCA. CS = coronary spasm, MINOCA = myocardial infarction
with non-obstructive coronary arteries, PE = pulmonary embolism, TCM =Takotsubo cardiomyopathy, TpNOCA = troponin-positive non-obstructive

coronary arteries
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Fig. 2. AMI due to CS in 74-year-old male patient with cardiac arrest after chest pain, elevated troponin (Tnl: 4.54 ng/mL) and

ECG change (ST elevation in V1-4).

A. Invasive angiograms (RCA and LCA) show no evidence of obstructive coronary artery although increased troponin and ECG abnormality. B,
C. Cardiac MR images, which performed due to continuous chest pain, show enhancement at LAD territory (transmural extent 75%) on late
gadolinium enhancement (arrows) (B) and hyperintense edema at same territory on T2-weighted image (arrows) (C), indicating AMI of LAD
territory. D, E. Thus, invasive coronary angiograms were performed again with ergonovine provocation test and revealed significant stenosis at
distal LAD (arrow) (D), which relieved after infusion of nitroglycerin (arrow) (E). AMI = acute myocardial infarction, ECG = electrocardiogram,
LAD = left anterior descendingartery, LCA = left coronary artery, RCA = right coronary artery

and the aorta (10). Table 1 summarizes the advantages
and limitations of various imaging tools for evaluation of
MINOCA/TpNOCA.

Causes and Pathophysiology of MINOCA/
TpNOCA

The causes of MINOCA/TpNOCA are various and
heterogenous. In this article, we subcategorized the causes
of MINOCA/TpNOCA into three parts: coronary, myocardial,
or extra-cardiac causes. Table 2 summarizes the various
causes of elevated troponin levels and mechanisms causing
MINOCA/TpNOCA.

Coronary Disorders (MINOCA)

Coronary Artery Plaque Disruption
Coronary artery plaque disruption has reported in
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approximately 40% of patients with MINOCA (11). The term
of disruption encompasses pathologic findings of plaque
rupture, ulceration, or erosion (4). Myocardial injury in
MINOCA with plaque disruption is mediated by thrombosis
or superimposed vasospasm. One theory explaining non-
obstructive coronary stenosis in patients with MINOCA is
spontaneous thrombolysis. This process may operate as an
endogenous protective mechanism in order to salvage the
myocardium (12). However, coronary angiographers may
only identify a non-obstructive coronary artery stenosis at
the culprit lesion as a result of substantial thrombolysis
and/or distal embolization (13). In other words, only a
non-obstructive coronary stenosis can remain at the culprit
lesion due to spontaneous thrombolysis, even though the
critical stenosis might have already been present during
the initial rupture of the vulnerable plaque. If there is

any clinical suspicion of thrombosis, higher resolution
intracoronary imaging modalities such as IVUS or OCT might
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Table 1. Comparison of Imaging Tools for Evaluation of MINOCA/TpNOCA

Modalities Advantages

Limitations

ICA * Detection of obstructive CAD
* May detect coronary dissection or thrombus

» Can detect vasospastic angina using stress agent (acetylcholine or

ergonovine)

Echocardiography e Lack of exposure to ionizing radiation

* Providing both anatomic and functional assessment of heart
» Can detect vasospastic angina using stress agent (acetylcholine or

ergonovine)
CMR * Confirm or exclude MI
* Evaluation of various myocardial causes

* Can assess risk stratification and expect the prognosis

* Invasiveness

* Radiation

* Contrast related complication

* Pharmacological complication

* Operator dependent

* Long duration of testing

* Echo-window dependent

* Pharmacological complication

* High cost

* Long procedure time

* Breath holding is required

* Normal CMR in 8-67% patients with
MINOCA

* Invasiveness

IVUS/0CT * Excellent spatial resolution
* Highly detect coronary causes (plague disruption or emboli, etc.)
cT * Detection of obstructive CAD

* May detect some coronary causes (coronary dissection or thrombus, etc.),
although less spatial resolution that IVUS/0OCT

* High radiation dose
* Contrast toxicity

* May detect some myocardial causes (TCM, hypertrophic cardiomyopathy,

etc.), although less diagnostic than CMR
* Well detect extracardiac causes of TpNOCA

CAD = coronary artery disease, CMR = cardiac magnetic resonance imaging, CT = computed tomography, ICA = invasive coronary angiography,
IVUS = intravascular ultrasound, MI = myocardial infarction, MINOCA = myocardial infarction with non-obstructive coronary arteries, OCT =
optical coherence tomography, TCM = Takotsubo cardiomyopathy, TpNOCA = troponin-positive with non-obstructive coronary arteries

be the best downstream test, because it can precisely assess
the atheromatous fibrous cap integrity (Fig. 3). CMR shows
well-defined AMI findings on late gadolinium-enhancement
(LGE) imaging as well as edema on T2-weighted imaging

at the vascular territory or in a small area of the LGE. This
may suggest embolization of the atherothrombotic debris
from the disruption site (11). Statin and antiplatelet agents
should be prescribed in these patients in order to prevent
subsequent cardiac events (12).

Coronary Thromboembolism

Myocardial hypoperfusion caused by coronary embolism
may increase troponin levels. The source of the coronary
embolism can be intracardiac or paradoxical (Fig. 4)
(14). Causes of coronary embolization include hereditary
or acquired thrombophilia syndrome (e.g., protein C
or S deficiency, antiphospholipid syndrome, factor V
Leiden thrombophilia, and myeloproliferative disease),
hypercoagulable status (e.g., atrial fibrillation and valvular
heart disease), and emboli from coronary arterial thrombotic
and non-thrombotic sources (valvular vegetations, cardiac
tumor such as myxoma, calcified valve, and iatrogenic air
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emboli) (4, 14). Therefore, thrombophilia testing should

be the first diagnostic step. IVUS or OCT may be useful

to identify the coronary emboli which may not have been
appreciated during angiography. Echocardiography or CT
can assess the embolic source in the cardiac chamber,

and the presence of both venous thrombus and right-to-
left shunt (patent foramen ovale, atrial septal defect or
coronary artery fistula); although it is difficult to assess the
intracoronary thrombi (15).

Coronary Artery Dissection

Spontaneous coronary artery dissection (SCAD) is a
rare entity mainly affecting young women without typical
coronary atherosclerotic risk factors (16). Intracoronary
imaging is crucial for the diagnosis of SCAD. Fibromuscular
dysplasia is most frequently associated disease in patients
with SCAD. Aneurysm, a beaded appearance of the involved
artery, stenosis, or dissection have been observed in the
extra-coronary artery in patients with SCAD. Thus, some
authors recommended performing a brain MRI to exclude
the possibility of an intracranial artery aneurysm (17).
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Coronary Spasm promptly to short-acting nitrates, particularly in patients
Coronary spasm (CS) is transient and reversible with ECG changes or troponin elevation with circadian

vasoconstriction of the major epicardial coronary artery, patterns (during night or early morning) (18). Thus,

which evoking myocardial ischemia termed as vasospastic ergonovine or acetylcholine provocative spasm tests should

angina. The usual clinical presentation of vasospastic be the first down-stream test in patients with clinical

angina is recurrent episodes of rest angina that respond presentation indicative of epicardial CS. In the provocation

Table 2. Various Causes of Elevated Troponin and Mechanisms of MINOCA/TpNOCA

Etiologies Mechanism of Troponin Release Diagnostic Modality
Coronary causes (MINOCA)
Coronary plaque disruption ~ « Myonecrosis with plaque disruption (plaque rupture,  OCT/IVUS
ulceration, or erosion) is mediated by thrombosis, * CMR (confirms MI and edema)

thromboembolism or vasospasm
* Spontaneous thrombolysis is endogenous protective
mechanism against thrombus formation

Coronary embolism * Myocardial hypoperfusion caused by corresponding coronary  OCT/IVUS
embolism < ICA
» Sometimes CT
Coronary dissection * Isolated dissection at coronary artery, leads to myocardial < OCT/IVUS
ischemia  ICA
o CT
Coronary spasm * Endothelial injury or ruptured vulnerable plaque cause « OCT/IVUS
myocardial injury « ICA with provocation test

* Echocardiography (provocation test)
» Sometimes CT
Myocardial causes
Myocarditis or inflammatory  * Inflammation causing myocardial injury (viral, bacterial or <« CMR
cardiomyopathy granulomatous inflammation) * PET (particularly, cardiac sarcoidosis)
Takotsubo cardiomyopathy * Myocardial stunning caused by increased stress hormones * CMR
* Multivessel spasm » Sometimes CT
* Plaque disruption

Hypertrophic cardiomyopathy < Myocardial injury caused by interstitial fibrosis or * CMR
hypoperfusion » Sometimes CT
Dilated cardiomyopathy * Myocardial injury resulting from left ventricle strain/overload ¢ CMR
» Sometimes CT
Infiltrative cardiomyopathy  « Myocardial injury by amyloidosis, etc. * CMR
Extra-cardiac causes
Pulmonary embolism * Myocardial injury resulting from right ventricle strain/overload < CT
 Hypoxemia due to perfusion-ventilation mismatch +V/Q scan

* Hypoperfusion as consequence of low output and reduced
coronary blood flow

Aortic dissection « Extended flap from aortic dissection to coronary artery or « (T
decreased perfusion leads to myocardial ischemia
Stroke * Decreased myocardial perfusion after stroke * Brain MRIL
* Associated with increased prevalence of coronary artery  Myocardial SPECT
diseases * CMR
Sepsis * Myocardial ischemia which caused by systemic hypoxemia * Serum inflammatory marker
from respiratory failure, hypotension or microcirculatory * Myocardial SPECT
dysfunction * CMR

SPECT = single photon emission CT, V/Q scan = ventilation-perfusion scan
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Fig. 3. Coronary artery plaque rupture in 79-year-old male patient with acute chest pain and elevated troponin.

A. Curved multiplanar reformatted CT image of RCA showed mild stenosis due to mixed (open arrow) and calcified plaques (arrow), but no
significant stenosis that can explain elevated troponin. B, C. Invasive coronary angiography was done for identification of cause of elevated
troponin. Initial invasive coronary angiogram (B) showed insignificant stenosis of proximal RCA (arrow). However, patient complained of acute
chest pain and ECG showed ST elevation at inferior leads during angiogram. After that, invasive coronary angiogram (C) showed sluggish flow
of contrast media and stenosis of mid RCA (open arrow) was aggravated, while RCA stenosis was maintained (arrow). D. Optical coherence
tomogram clearly showed plaque rupture with thrombus formation (arrows) at fissuring (open arrow) of mid RCA. CT = computed tomography

test, a coronary artery diameter reduction of at least 75%
is the diagnostic cut-off for epicardial CS accompanied

by ischemic symptoms and ECG changes. Although the
most frequent form of epicardial CS is a focal spasm in

a specific coronary segment, multifocal or multi-vessel
forms of epicardial CS can also occur (13). A previous OCT
study indicated that plaque rupture, erosion, and thrombus
are more frequently identified in patients with spasm-
induced acute coronary syndrome (ACS) compared with
those with chronic stable variant angina (19). Spasm-
induced ACS can be caused by endothelial injury (i.e.,
plaque rupture, erosion or intraluminal thrombus), with
the morphology similar to that of the ruptured vulnerable

kjronline.org https://doi.org/10.3348/kjr.2020.0064

plaque, while chronic stable variant angina may be caused
by smooth muscle hyper-reactivity without any underlying
endothelial injury (i.e., absence of the characteristic
features of vulnerable plaque, intimal hyperplasia without
typical lipid core) (18-20). Compared to OCT, CT has limited
ability to identify the culprit plaques causing spasm-
induced ACS. Kang et al. (21) reported that critical stenosis
with negative remodeling without a definite plaque is a
typical CT finding of epicardial CS. However, a recent study
indicated that coronary CT had low sensitivity in terms of
identifying epicardial CS (22). Thus, it should be stressed
that myocardial perfusion defects in the subendocardial
portion of the corresponding arterial territory may only be a
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Fig. 4. Coronary thromboembolism in 43-year-old male patient with atypical chest pain who was confirmed as coronary embolism.
A. Curved multiplanar reformatted CT image showed air bubble (arrowhead) in middle RCA. B. Air bubble passed through patent foramen ovale
(space between septum primum [black arrowhead] and secondary septum [white arrow]) with contrast jet flow (black arrow). Note that multiple
air-bubbles (white arrowheads) are demonstrated in right atrium. Air-bubbles are introduced into right atrium when contrast materials were

flushed into right antecubital vein.

clue for the presence of MINOCA, regardless of the presence
of a wall motion abnormality (Fig. 5).

Myocardial Disorders

Mpyocarditis

Typical manifestations of myocarditis include antecedent
viral illness, fever, pleuritic chest pain, cardiac failure,
or wall motion abnormality of the left and/or right
ventricle. With typical clinical presentations supported by
an increased level of C-reactive protein and ST elevation
on the ECG change, the diagnosis of myocarditis may
be straightforward. However, diagnosis of myocarditis
is often difficult due to a significant overlap with ACS
findings. Although endomyocardial biopsy still represents
the gold standard for the diagnosis of myocarditis,
according to the recently revised 2018 Lake Louise criteria
(23) for the diagnosis of myocarditis, major criteria of
myocarditis include: 1) at least T2-based myocardial
edema (increase of myocardial T2 relaxation time or an
increased signal intensity on T2-weighted images) and 2)
at least one T1-based criterion (increased myocardial T1,
extracellular volume or LGE) (Fig. 6). Typical LGE patterns
of myocarditis include mid-wall or epicardial enhancement.
The simultaneous presence of two major criteria on the
CMR increases the specificity of diagnosing myocarditis

compared with the presence of only one major criteria (23).

In the new criteria for myocarditis, pericardial effusion
and wall motion abnormality are supportive criteria for the
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diagnosis of myocarditis. Recently, several reports showed
that a delayed cardiac CT, which is performed 10-15
minutes after administration of contrast media, can be an
alternative method for myocarditis, particularly in patients
with contraindications to CMR (24, 25).

Takotsubo Cardiomyopathy

Takotsubo cardiomyopathy (TCM) commonly occurs in
postmenopausal women with emotional or physical stress.
Its clinical presentation is characterized by acute, reversible
heart failure associated with myocardial stunning, in
the absence of occlusive CAD. The pathophysiological
mechanisms for TCM have been hypothesized, including
plaque disruption, multivessel spasm, or catecholamine
hypersensitivity (26).

The revised Mayo clinic diagnostic criteria include:
1) Transient hypokinesis, akinesia, or dyskinesia of the
left ventricular mid segments with or without apical
involvement; the regional wall motion abnormalities extend
beyond a single epicardial vascular distribution; a stressful
trigger is often, but not always present. 2) The absence of
obstructive CAD or angiographic evidence of acute plaque
rupture (although it is recognized that obstructive CAD may
pre-date the Takotsubo event in some cases). 3) New ECG
abnormalities (either ST-segment elevation and/or T-wave
inversion) or modest elevation in cardiac troponin levels.
4) The absence of pheochromocytoma and myocarditis
(27). CMR can be used to establish the diagnosis based on
a typical pattern of wall motion abnormality and edema,
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Fig. 5. CS in 65-year-old male patient with acute chest pain and elevated troponin.

A, B. Cardiac CT with short axis view of LV in systolic phase shows hypokinesia and subendocardial hypoperfusion at apical septal wall of LV
myocardium (arrows). However, curved multiplanar reformatted image of LAD artery (B) shows no significant stenosis. C, D. Invasive angiograms
initially demonstrated no obstructive stenosis. However, the significant stenosis is noted at distal LAD (arrow) (D) after ergonovine provocation

test, confirming the CS. LV = left ventricle

which resolves in 2-3 months without any myocardial
scarring and with complete functional recovery (28). The
faint LGE consistent with wall motion abnormalities is
occasionally observed, which does not indicate myocardial
necrosis but is also known as edema-related LGE (29). CT
also can detect typical wall motion abnormalities without
obstructive CAD (Fig. 7).

Other Cardiomyopathies

In a study by Dastidar et al. (9) assessing a total of 388
consecutive patients with MINOCA undergoing CMR, patients
with various cardiomyopathies had the highest mortality,

kjronline.org https://doi.org/10.3348/kjr.2020.0064

followed by patients with MI and myocarditis. Among
the cardiomyopathies, TCM was the most common (43%),
followed by dilated cardiomyopathy (29%), hypertrophic
cardiomyopathy (18%), and infiltrative cardiomyopathy
(amyloidosis, 4%).

CMR with LGE can differentiate various causes of
cardiomyopathies; however, the diagnostic yield of CMR
varies from 30% to 90% (9, 30, 31). CT also can assess the
morphology of the left ventricle (hypertrophy or dilated
chamber), and recent studies showed that delayed iodine
enhancement on the cardiac CT may be helpful because it
correlated with LGE on the MRI (25).
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Fig. 6. Myocarditis in 23-year-old female with acute chest pain, elevated troponin (TnI: 7.6 ng/mL) and ST elevation at V1-4 on
ECG.

A. Curved multiplanar reformatted CT images of three vessels showed no significant stenosis. B. Delayed cardiac CT image obtained 90 seconds
after contrast injection shows multifocal hypoperfusion on LV wall (arrows). C, D. Cardiac MR images revealed multifocal patchy enhancement

on LV, enhancement is randomly distributed and mainly located at mesodermal or subepicardial area (arrows) (C). T2-weighted image shows
hyperintense edema at similar area which corresponding to enhancement (arrows) (D), suggesting acute myocarditis. LCX = left circumflex artery

A ' B

Fig. 7. TCM in 63-year-old female with acute chest pain and elevated troponin (Tnl: 1.15 ng/mL).
A. Volume rendering cardiac CT image shows no significant stenosis. B, C. Two-chamber view of diastolic phase (B) and systolic phase (C) show
apical ballooning (arrowheads) with akinesia compared to hypercontractile basal wall (arrows), indicating TCM.

1318 https://doi.org/10.3348 /kir.2020.0064 kjronline.org
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Extra-Cardiac Disorders

Extra-cardiac TpNOCA disorders include pulmonary
embolism (PE), aortic dissection, sepsis, stroke, and end-
stage renal failures (4).

Although the reason for elevated troponin levels in
the PE is still unclear, acute right ventricular strain
secondary to increased pulmonary artery resistance may
cause elevated troponin levels in the PE. Other theories
for elevated troponin levels in the PE include hypoxemia

Fig. 8. PE in 49-year-old male with acute chest pain with
elevated troponin (TnI: 4.17 ng/mL). Cardiac CT image shows
central filling defect within vessel surrounded by contrast material in
left subsegmental pulmonary arteries (arrows), which is direct sign of
PE.

A
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due to perfusion-ventilation mismatch, hypoperfusion as
a consequence of low output and reduced coronary blood
flow, or paradoxical embolism from systemic veins to the
coronary arteries, usually via a patent foramen ovale (6).
The clinical pretest probability such as the Wells PE score
and D-dimer is helpful for the diagnosis of PE (32). CT can
be used to clearly diagnose acute PE with a high accuracy,
and a central filling defect within a vessel surrounded

by contrast material is a direct sign of PE (Fig. 8) (33).
Sometimes, pulmonary infarction, which is consequence of
acute PE, manifests as wedge-shaped, peripheral opacity
with a central ground glass and a rim of consolidation.

An aortic dissection may also cause elevated troponin
due to extension of the intimo-medial flap to the coronary
artery or decreased myocardial flow leading to damaged
myocardial cells. CT is known as the gold standard for
diagnosis of an aortic dissection because it can clearly
identify the intimo-medial flap and its extension into
coronary artery and other branches such as aortic vessels or
splanchnic vessels (Fig. 9).

Sepsis, stroke, or end-stage renal failures are causes of MI
secondary to ischemia due to an increased oxygen demand
or decreased supply (type II) compared to coronary artery
occlusion due to plague rupture (type I). A meta-analysis
of 20 studies including 3278 patients with sepsis found
that the prevalence of elevated troponin was 43% (34).
Myocardial dysfunction during sepsis has been theorized to
be caused by global myocardial ischemia, which is caused by
systemic hypoxemia due to respiratory failure, hypotension,

Fig. 9. Aortic dissection in 61-year-old female with acute chest and back pain, and elevated troponin (TnI: 7.14 ng/mL).
A-C. Cardiac CT images show type A aortic dissection (arrowheads in A is dissection flap) involving proximal RCA which consists of contrast filled
true lumen (arrow) (B) and hypodense thrombus filled false lumen (arrowhead) (B). Thus, systolic phase short axis view shows hypoperfusion at

inferior wall (arrow) (C) of LV caused by myocardial ischemia.

kjronline.org https://doi.org/10.3348/kjr.2020.0064
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or microcirculatory dysfunction. This results in the release
of troponin from damaged myocardial cells (6). In a meta-
analysis of 15 studies including 2901 patients with acute
stroke, 18% of the patients had elevated troponin. Although
the causes of increased troponin levels in stoke patients
have not been elucidated, decreased myocardial perfusion
after stroke, or its association with an increased prevalence
of CADs have been theorized to cause elevated troponin
levels in stroke patients (35). Another mechanism is cardiac
abnormalities which are secondary to increased or disturbed
sympathetic activity provoked by acute stoke (36).

CONCLUSION

The causes of troponin elevation in MINOCA/TpNOCA
are various and heterogeneous. In clinical practice,
troponin-positive patients are often assessed by coronary
angiography as a standard downstream test. As a problem-
solving tool, CMR could be recommended for the evaluation
of myocardial causes, while CT is helpful for the detection
of extracardiac causes of TpNOCA. Thus, radiologists should
understand the pathophysiological mechanism of elevated
troponin levels, and be familiar with CT and MR findings for
the various causes of MINOCA/TpNOCA.
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