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ABSTRACT

Chest pain is one of the most common presenting symptoms in the emergency department 
(ED). Among patients with abnormal troponins, it is imperative to quickly and accurately 
distinguish type 1 acute myocardial infarction (AMI) from other etiologies of myocardial 
injury. Although high-sensitivity troponin assays introduced a high negative predictive 
value for AMI, they have exposed the need for diagnostic modalities that can determine 
the etiology of acute myocardial injury. Cardiac magnetic resonance imaging (CMR) is an 
effective tool to risk stratifying chest pain among patients in the ED. CMR is non-invasive 
and has a lower cost of care and shorter length of stay compared to those of invasive coronary 
angiography. It also provides detailed information on cardiac morphology, function, tissue 
edema, and location and pattern of tissue damage that can help to differentiate many 
etiologies of cardiac injury. CMR is particularly useful to distinguish chest pain due to type 
1 AMI versus supply-demand mismatch due to acute cardiac noncoronary artery disease. 
A detailed review of the literature has shown that CMR with stress testing is safe to use in 
patients presenting to the ED with chest pain, with or without abnormal troponins. CMR is 
a useful, safe, economical, and effective alternative to the traditional diagnostic tools that 
are typically used in this patient population. It is a practical tool to risk-stratify patients with 
possible cardiac pathology and to clarify diagnosis without invasive testing.

Keywords: Magnetic resonance imaging; Cardiology; Chest pain; Emergency service, hospital; 
Troponin

INTRODUCTION

Chest pain is one of most common presenting complaints in the emergency department 
(ED), accounting for over 6.5 million encounters in the United States (US) in 2017.1) Acute 
myocardial infarction (AMI) is an important cause of death. Therefore, rapid and accurate 
diagnosis of AMI is critical to initiate effective evidence-based medical management and early 
revascularization.
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High-sensitivity cardiac troponin (hsTn) assays have been recently introduced and are a 
cornerstone of diagnostic testing in patients with chest pain. These new assays have very 
high negative predictive values ranging from 95% to 100% for ruling out acute myocardial 
injury from AMI.2) Cardiac troponins are structural proteins unique to the heart and are 
sensitive markers of cardiomyocyte necrosis. Although troponins indicate acute myocardial 
injury, they are not specific to etiology. Myocardial injury can result from AMI or due to other 
processes that cause supply-demand mismatch. Therefore, the positive predictive value 
of hsTn for diagnosis of AMI is limited, ranging from 19% to 83% in a large multicenter 
clinical trial.2) In real-world observational data, however, the prevalence of true type 1 AMI 
among patients presenting to the ED initially suspected to have acute coronary syndrome 
(ACS) without ST-segment elevations on electrocardiogram (ECG) was 4.2%, with a positive 
predictive value of hsTn as low as 16%.3) Quite commonly, a patient presents with chest 
pain and cardiovascular risk factors but has an ECG without ST-segment elevation. In this 
situation, it is difficult to differentiate type 1 AMI (due to coronary plaque rupture) from 
acute cardiac noncoronary artery diseases (CNCDs) such as hypertensive urgency/emergency, 
acute inflammatory or infiltrative disease, pericarditis, takotsubo, hypertrophic or other 
cardiomyopathy, acute heart failure, and cardiac arrhythmias cause myocardial injury from 
demand-supply mismatch in myocardial blood flow (i.e., type 2 AMI or myocardial injury not 
related to ischemia).

Clinicians have examined the utility of absolute hsTn values and changes over time to 
distinguish AMI from CNCDs but have had limited success. Early invasive coronary 
angiography (ICA) is performed frequently in patients with abnormal hsTn. Even in patients 
who are possibly suffering from myocarditis or takotsubo cardiomyopathy, the risk of missing 
AMI requiring revascularization outweighs the procedural risk and associated cost.4) Registry 
data from the US (ACTION Registry/National Cardiovascular Data Registry) and Europe 
have shown that, of patients with non-ST elevation myocardial infarction (NSTEMI) and 
troponin elevations using standard assays, more than 70% undergo invasive angiography, 
but only about 40% eventually need revascularization for significant coronary artery disease 
(CAD).5) With increasingly sensitive assays, the number of patients suspected to have AMI 
will increase, leading to more hospital admissions and coronary angiography procedures that 
significantly increase health care cost and hospital bed utilization.6)

The increasing utilization of hsTn increases the need for new diagnostic pathways to 
better stratify ED patients who present with chest pain and have mildly abnormal hsTn 
with inconclusive ECG findings. Ideally, clinicians should be able to differentiate patients 
with structural heart disease that require specific therapies (including cardiomyopathy, 
inflammatory disease, acute heart failure, and even AMI if unrecognized initially) involving 
hospital admission from those with myocardial injury without a structural correlate (type 2 
AMI). Those with type 2 AMI might require hospital admission and therapy for the underlying 
condition on a non-cardiology service or might be able to be safely discharged from the ED 
with outpatient follow-up. One differentiation strategy is to use noninvasive cardiac imaging 
with cardiac magnetic resonance imaging (CMR) in the ED.7)

In this article, we review the use of CMR in patients presenting to the ED with acute chest 
pain. We discuss the feasibility and safety of CMR for early diagnosis. Finally, we examine its 
use as a gatekeeper for hospital admission and coronary angiography in the heterogenous 
patient population of those presenting with chest pain and mildly abnormal hsTn in whom 
the diagnosis remains unclear after initial evaluation with ECG and clinical history.
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RATIONALE FOR USE OF CMR IN PATIENTS WITH CHEST 
PAIN AND ABNORMAL HIGH-SENSITIVITY TROPONIN
The accurate diagnosis of type 1 AMI, type 2 AMI, or non-MI causes of elevated hsTn is 
imperative because the management is significantly different. Treatment with type 1 AMI 
therapies can be potentially harmful in a type 2 AMI scenario (e.g., intravenous heparin in 
hypertensive urgency).

CMR can be applied to a variety of clinical scenarios. Different techniques can be used to 
assess global and regional function with cine imaging. For instance, T2-weighted imaging 
can be used to assess myocardial edema, stress, and rest perfusion imaging to evaluate 
myocardial ischemia after infusion of vasodilator agents (adenosine, regadenoson, or 
dipyridamole). Delayed-enhancement CMR can be used to assess the presence and pattern 
of myocardial necrosis, inflammation, or infiltrative disease. Ancillary techniques for tissue 
characterization (e.g., T1 parametric mapping for infiltrative disease, T2*-imaging for iron 
overload), velocity flow mapping for valve assessment, and tomographic images for chest 
morphology can be deployed as clinically indicated.

CMR is considered a key diagnostic test in patients with “MI with non-obstructive coronary 
arteries” (MINOCA).8) The presence of regional wall motion abnormalities in a typical 
coronary distribution territory accompanied by tissue edema and subendocardial late 
gadolinium enhancement (LGE) in a patient with acute chest pain and abnormal hsTn is 
highly sensitive and specific for diagnosis of AMI.9) Even if all universal definition criteria 
for a type 1 AMI are met, 5% to 20% of these cases can have MINOCA. Possible mechanisms 
of MINOCA include plaque disruption, thrombosis, thromboembolism, superimposed 
vasospasm, myocarditis, takotsubo cardiomyopathy, or a combination of these processes.8)10) 
However, because the coronary arteries can look normal or near normal at the time of 
angiography, the ischemic mechanism of myocardial necrosis might not be appropriately 
identified; therefore, important secondary prevention therapies (such as antiplatelet 
agents and statins) will not be instituted. Although CMR cannot differentiate between 
the mechanism of ischemic injury in MINOCA (i.e., spasm versus emboli), it can identify 
ischemic injury and differentiate it from myocarditis, takotsubo cardiomyopathy, or other 
forms of acute CNCD. Without information from CMR, the absence of epicardial stenosis 
of the ICA in a patient with abnormal troponins does not identify the mechanism of injury. 
CMR is needed to differentiate true ischemic injury (“True” MINOCA) from myocardial 
injury that is not related to ischemia from acute CNCDs (“False” MINOCA).

In the following paragraphs, we briefly discuss how CMR provides information on 
morphology, function, tissue edema, and location and pattern of tissue damage to identify 
some of the more common etiologies of acute myocardial injury not related to ischemia.

Myocarditis leads to (1) dysfunction that is not typically confined to a coronary distribution 
territory, with (2) myocardial edema and (3) necrosis. The diverse pathophysiology of 
acute viral myocarditis, the post-viral autoimmune responses, and the high prevalence 
of vasospasm explain the typical findings of epicardial or patchy focal LGE sparing the 
endocardium.11) Of note, subepicardial inflammation can also accompany pericarditis in as 
many as 49% of cases, which is referred to as myopericarditis.12) Aside from viruses, other 
etiologies of inflammatory disease of the myocardium include eosinophilic myocarditis,13) 
cardiac sarcoidosis,14) or immune checkpoint inhibitors.15)
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Takotsubo cardiomyopathy typically demonstrates transient hypokinesia, akinesia, or dyskinesia 
of the left ventricular (LV) mid-segments with or without apical involvement, extending beyond 
the typical coronary territories, with edema but little to no LGE on routine studies.16)

Acute heart failure with reduced or preserved LV ejection fraction in patients with prior 
or new onset of symptoms can present with chest pain, abnormal hsTn, nonspecific ECG 
changes, and renal disease or other confounding factors for myocardial injury.17) Patients 
with unrecognized cardiomyopathy, such as hypertensive heart disease/cardiomyopathy, 
hypertrophic cardiomyopathy, dilated cardiomyopathy, or infiltrative disease (amyloid, 
Anderson-Fabry's disease), can present with chest pain syndromes. Over the past 2 decades, 
substantial knowledge has been gained on the use of CMR as a diagnostic test to further 
specify the underlying etiology of non-ischemic cardiomyopathies.18)

The presence of dysfunction, edema, and the LGE pattern point toward the etiology of acute 
myocardial injury. However, in a subgroup of patients with acute chest pain and abnormal 
hsTn, no structural abnormalities were identified on CMR. In these cases, it is unclear 
whether this typically small hsTn elevation is due to myocardial injury or an alternate 
diagnosis. If assay-related analytical issues are excluded (e.g., heterophile antibodies, 
hemolysis, end-stage renal disease), alternative causes need to be considered.12)

LGE can detect focal myocardial necrosis as small as 0.7 g or 0.4% of the LV mass.19) 
Some patients can have very small areas of myonecrosis that are not detected with CMR. 
Alternatively, myocardial necrosis can be secondary to a diffuse process that is not visualized 
as regional change on imaging. Several examples of myocardial injuries with normal heart 
structure and tissue characterization on CMR are prolonged episodes of tachycardia, 
pulmonary embolism (often with right ventricular dysfunction), stroke (with and without 
ECG changes and/or LV dysfunction), strenuous exercise, and myositis (in particular, if 
hsTn assays are used).20) However, troponin release in these situations might not represent 
true myocardial damage but rather release of cytosolic troponin or increased cell membrane 
permeability under stress.12) In some clinical scenarios (e.g., motor vehicle accident with 
chest trauma and loss of consciousness or syncope during/after strenuous activity), CMR can 
be useful to exclude underlying structural heart disease as the cause for the inciting event and 
abnormal hsTn versus cardiac contusion and/or strenuous exercise alone.

A guidance statement from the European Society of Cardiology recommends early CMR 
for patients admitted to the hospital with MINOCA, namely those with positive cardiac 
biomarkers, corroborative evidence of infarction by symptoms, ST-T changes on ECG, and 
non-obstructive coronary arteries on angiography.8) High-sensitivity assays increase detection 
of abnormal troponins in the ED, with subsequent normal or near-normal ICAs. Therefore, it 
is conceivable that CMR can be useful upfront to characterize the nature of myocardial injury, 
particularly when corroborative evidence of infarction (ST elevations) is inconclusive upon 
initial evaluation. Figure 1 depicts one possible pathway to use of CMR (versus the traditional 
pathway) with routine admission and coronary angiography in all patients with abnormal hsTn.

In patients with an unstable clinical course due to life-threatening diseases such as 
pulmonary embolism, acute aortic dissection, hypotension or shock, sepsis, or acute 
respiratory distress syndrome, there is no need to evaluate an abnormal hsTn test 
further. Specific therapy should be initiated with emergent imaging, such as bedside 
echocardiography or computed tomography (CT) scan, as needed. However, in patients 
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with stable clinical presentations, CMR can be useful to identify structural heart disease 
and provide diagnostic information on the underlying problem. It also can help to exclude 
acute cardiac disease and ACS, and aide in decision-making regarding disposition (hospital 
admission versus discharge) and specific therapies.

NOVEL MANAGEMENT ALGORITHMS FOR PATIENTS 
WITH ABNORMAL TROPONINS
Patients diagnosed with non-ST elevation acute coronary syndrome (NSTE-ACS) based on 
symptoms, ischemic ECG changes, and abnormal troponin level are typically admitted to 
an intermediate or step-down care unit and managed based on risk. This management will 
either include early invasive diagnostics and potential revascularization or an ischemia-
guided strategy with non-invasive testing.21) An early invasive therapy is superior to an 
ischemia-guided strategy for those with definite ACS and high risk features such as refractory 
or recurrent angina, hemodynamic instability, ventricular arrhythmias, new or dynamic 
ischemic ECG changes, or high risk scores (GRACE22) or TIMI23)). In contrast, an imaging-
guided strategy can avoid costly and possibly unnecessary invasive procedures in those 
with low-risk ACS, those with comorbidities, or those with particular patient/physician 
preferences. Abnormal troponin level is commonly used as an indicator of higher-risk ACS. 
According to the current American College of Cardiology (ACC)/American Heart Association 
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Patients with chest pain syndrome, mildly elevated hsTn,
and inconclusive ECG
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- Tachycardia
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No CAD
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Admission to hospital

+
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+
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- Plaque disruption
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Figure 1. Management algorithm for patients with chest pain, mildly elevated high-sensitivity troponin, and inconclusive ECG. The left side of the algorithm 
shows a traditional management pathway that uses invasive coronary angiography to assess significant coronary disease. If the findings suggest type 1 
myocardial infarction, appropriate therapies are administered. However, with insignificant coronary disease, ACS is excluded without a specific diagnosis 
(“False” MINOCA). Other imaging tests are needed to identify the process leading to myocardial injury but are inconsistently performed. A novel management 
pathway for patients presenting to the emergency department with chest pain, mildly elevated high-sensitivity troponin, and inconclusive ECG findings is shown 
on the right side of the algorithm. Noninvasive imaging with CMR can determine the etiology of myocardial injury. A broad range of structural heart diseases and/
or cardiomyopathies can identify and guide further management and disposition. Even if the pre-test probability of these patients is low, ischemic injury can 
be present, and invasive angiography is needed to identify and treat ACS or “True MINOCA” (when nonsignificant CAD is found). The absence of structural heart 
disease suggests a type 2 AMI event or myocardial injury unrelated to ischemia. 
ECG: electrocardiogram, MINOCA: myocardial infarction with non-obstructive coronary arteries, ACS: acute coronary syndrome, CMR: cardiac magnetic 
resonance imaging, AMI: acute myocardial infarction, CAD: coronary artery disease, HCM: hypertrophic cardiomyopathy, DCM: dilated cardiomyopathy, CMP: 
cardiomyopathy.



guidelines for NSTE-ACS, non-invasive stress testing should be performed in low- to 
intermediate-risk patients who are symptom-free for at least 12 to 24 hours (unstable angina) 
or for 2 days (NSTEMI).21)

With use of hsTn, there is a significant shift in ACS patients from unstable angina (“normal” 
troponin) to NSTEMI (detection of “abnormal” troponins). In theory, these guidelines would 
identify more patients at higher risk and lead to more invasive coronary angiographies 
performed early and/or longer hospital admissions for imaging studies. However, use of hsTn 
has led to the assertion that many patients with mildly abnormal hsTn without ischemic ECG 
changes have acute CNCDs or type 2 AMI, rather than type 1 AMI.3) Therefore, new strategies 
to manage acute chest pain patients are needed, such as that depicted in Figure 1. In these 
new algorithms, non-invasive testing with CMR or other modalities such as cardiac CT 
(obtained while patients remain in outpatient observation units) act as pivotal gatekeepers 
for hospital admission and invasive angiography.

SAFETY CONSIDERATION OF CMR IN THE ED

One concern regarding use of CMR is that it will delay important therapies in patients 
who have an equivocal evaluation for ACS (and might have type 1 ACS). The use of early 
stress testing in this patient population can lead to adverse events. Notably, the most 
recent consensus statement on the appropriate use criteria (AUC) of imaging in the ED in 
patients with suspected NSTE-ACS states that imaging at rest without stress physiology 
(most typically with single-photon emission computed tomography [SPECT] or cardiac CT) 
is appropriate. The consensus statement states that echocardiography or CMR might be 
appropriate to assess regional wall motion abnormalities in those with an equivocal initial 
diagnosis of ACS. For those undergoing observation (with serial ECGs and troponins) and 
either negative or borderline ACS stress/rest echocardiography, CMR, SPECT/positron 
emission tomography, and cardiac CT are considered appropriate. Interestingly, for patients 
who are unequivocally positive for NSTEMI/ACS, stress imaging “may be appropriate” but 
there was a lack of consensus among panelists. Regarding timing, the AUC authors state that 
patients can undergo imaging 9 to 24 hours after ED presentation (as long as it is safe and not 
clinically contraindicated) with no recommendation regarding optimal timing. Furthermore, 
no distinction is made between stress modality of those that elicit ischemia (dobutamine or 
exercise) versus those that use vasodilators (adenosine, regadenoson, dipyridamole).24)

In this context, adenosine has been studied extensively as a cardioprotective agent in AMI 
in clinical trials and was shown to reduce infarct size.25) In these protocols, adenosine was 
administered as an intravenous infusion to patients with ST-elevation AMI in higher doses than 
those used for diagnostic imaging. The adenosine was initiated prior to revascularization in 
these protocols. Although adenosine can theoretically be detrimental in AMI due to coronary 
steal, brady-arrhythmias, and negative inotropic effects, the AMISTAD trial showed a relatively 
low associated rate of bradycardia, hypotension, or atrioventricular (AV) block, even with a 
3-hour intravenous infusion protocol.25) For stress CMR, adenosine is typically administered 
over 3 minutes and has been shown to have an excellent safety profile and ultrashort half-life (< 
10 seconds) in a wide range of patients with known or suspected CAD.26)

Finally, the ACC clinical guidelines for exercise stress testing from 2002 endorse a class IIa 
recommendation for exercise testing in intermediate-risk unstable angina patients defined as 
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those with troponin T > 0.01 but < 0.1 mg/mL, which represents an 8-fold order of magnitude 
higher than that of the currently available hsTn essays (0.1 mg/mL = 100,000,000 ng/L).27) 
Therefore, it appears that the perceived risk of stress testing in patients with abnormal 
troponin reflects the pre-high-sensitivity assay era, with fewer subjects having abnormal 
troponins. In the current era, many of the abnormal hsTn tests, even in those with ACS, 
would have been within normal limits on older generation troponin assays. Therefore, these 
patients would have been deemed low risk.

REVIEW OF THE LITERATURE ON CMR IN ED PATIENTS

Search criteria
A detailed literature search was completed on the use of CMR in patients presenting to the 
ED with chest pain or findings concerning for ACS. The search was completed in the PubMed 
database using pertinent Medical Subject Headings (MeSH) terms: “Emergency Service, 
Hospital,” “Non-ST Elevated Myocardial Infarction,” “Magnetic Resonance Imaging,” and 
“Troponin.” The resulting articles were further filtered by inclusion of certain MeSH terms 
in the title or abstract. Only studies published in English and involving human subjects were 
considered. The search yielded 111 studies. All of the abstracts were reviewed, yielding 31 
relevant articles that underwent further evaluation. The pertinent review articles on CMR 
in the ED or in patients with chest pain were reviewed in detail. The relevant citations from 
these publications were explored. We only included studies that looked at patients presenting 
to the ED with chest pain or elevated troponins. CMR had to be performed in the ED, in a 
clinical observation unit if such a unit existed, or in a timely manner following admission 
from the ED. Case reports and review articles were excluded. Further, studies that looked at 
the use of CMR in outpatients with stable angina or patients who had had a recent negative 
invasive coronary angiogram were excluded. A detailed methodology summary is available in 
Appendix 1. Ultimately, 8 articles were selected (Table 1).

Overview of the included studies
A total of 8 studies investigating the use of CMR in the ED and published between 2003 and 
2019 were included.28-35) These 8 studies included a total of 676 patients (range 29 to 161) who 
presented with acute chest pain at centers with expertise in CMR in the US (5), Germany 
(1), the Netherlands (1), and the United Kingdom (1). There were 2 randomized clinical 
trials, comparing CMR versus routine care in patients with NSTEMI34) and those with no 
definite evidence of ACS and normal troponin essays.32) Five studies were prospective cohort 
analyses, and one was a retrospective study. In 4 studies, patients with elevated troponins 
were included.30)33-35) Four studies only enrolled patients with normal troponins.28)29)31)32) A 
high-sensitivity troponin assay was used in only one of the studies (Smulders). Of note, as 
previously discussed, because high-sensitivity troponin assays have only recently become 
widely used, it is conceivable that many of the troponin-negative patients in these studies 
might have had an abnormal high-sensitivity troponin level.

In all 8 studies, patients with ST-elevation MI were excluded. Furthermore, patients were 
excluded if they were too medically unstable to undergo CMR due to severe heart failure 
or ongoing ischemia; had contraindications to adenosine (high-grade AV block, severe 
bronchospastic disease); or had contraindications to MRI (implanted metal devices) or 
gadolinium-based contrast agents.
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In most of the studies, CMR was performed while the patient was in the ED. However, 
some centers in Europe admit patients to a dedicated chest pain unit, reflecting health care 
organizational variation.33-35)

Study aims
The studies varied with regard to aims and primary endpoints. The majority of the studies (5 
of the 8 studies) was designed to assess the accuracy of CMR or various imaging components 
to detect ACS, defined either by the presence of significant stenosis on ICA and/or by adverse 
cardiac events after discharge from the ED. One study by Lerakis et al.31) specifically evaluated 
the negative predictive value of normal adenosine stress CMR in low-risk acute chest pain 
patients. Whereas many of these investigations focused on the diagnosis of CAD, Steen et 
al.35) evaluated the feasibility, safety, and clinical value of CMR for diagnosis of non-coronary 
causes of elevated troponin in patients with non-conclusive symptoms and ECG.

Finally, 2 studies compared novel management strategies of CMR versus routine care in 
patients presenting to the ED with chest pain. Smulders et al.34) examined whether cardiac 
MRI and CTA can reduce referrals to invasive cardiac catheterization without a detrimental 
effect on clinical outcomes in patients with clinical diagnosis of NSTEMI. Notably, the 
investigators excluded patients with clinically suspected non-coronary diseases associated 
with myocardial injury (myocarditis, pulmonary embolism) or type 2 AMI (tachycardia, 
severe hypertension, or severe aortic valve stenosis). The primary efficacy endpoint 
was proportion of patients referred for cardiac catheterization, with secondary safety 
endpoints of occurrence of major adverse cardiac events (MACE) and procedure-related 
complications within 1 month and 1 year.34) Similarly, Miller et al.32) compared the effects of 
CMR versus standard of care on clinical outcomes with the primary composite endpoint of 
revascularization, readmission, and recurrent testing at 90 days in patients with chest pain 
but no definite evidence of ACS.

CMR study results
The published studies demonstrated the feasibility of using CMR in ED patients with chest 
pain, with inability to perform CMR in 4% to 19% of patients, mostly due to body size, metal 
implants, or claustrophobia.28)29)33-35) The 8 studies, which included nearly 700 patients, 
demonstrated the safety of CMR. More than half of the total patients underwent vasodilator 
stress perfusion imaging, and 5 studies included patients with abnormal troponin results. 
There were no serious adverse events related to the CMR procedure. Ingkanisorn et al.29) 
described that the adenosine infusion was terminated prematurely in 4 patients because of 
associated symptoms, but they were able to obtain perfusion images. One test was terminated 
because the patient experienced a panic attack after perfusion imaging, but there were no 
clinical sequelae. Plein et al.33) reported that perfusion imaging was not completed in one 
subject because of dyspnea and chest tightness with adenosine. The reported intolerances are 
consistent in severity and frequency to prior reports of vasodilator stress imaging.26)

The pre-test probability for CAD varied significantly between studies, which was determined 
mostly by whether or not those with abnormal troponins were included. Therefore, the disease 
prevalence ranged from as low as 12% in one study that excluded individuals with abnormal 
troponins32) to as high as 82% in another study that enrolled patients with abnormal troponins 
and ischemic ECG changes.33) The diagnostic performance of CMR to detect CAD was high, 
with a sensitivity ranging from 84% to 100% and specificity from 83% to 92%.
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Steen et al.35) investigated the broader use of cardiac MRI to evaluate potential non-coronary 
etiologies of myocardial injury in patients with abnormal troponins and a low suspicion for 
ACS based on lack of typical angina, low-intermediate probability of CAD, and a normal 
or nondiagnostic ECG. A specific diagnosis of acute non-coronary disease was made in 
93% of patients, including myocarditis (17%), takotsubo cardiomyopathy (7%), infiltrative 
disease (3%), and pulmonary embolism (21%). Despite a low suspicion for ACS on clinical 
assessment, 40% of patients had MRI findings suggestive of ACS. The remainder of the 
studies was normal or suggestive of Tn elevation in the setting of renal disease.

Two studies randomized patients into novel, CMR-guided pathways in the ED or traditional 
management strategies that frequently include hospital admission and ICA. In the more 
recent 2019 CARMENTA trial, Smulders et al.34) randomized 207 patients with acute 
chest pain, abnormal hsTn, and inconclusive ECG. The study compared a CMR- or CTA-
first strategy with a control strategy of routine clinical care. Both the CMR- and CTA-first 
strategies reduced ICA compared with routine clinical care (87% [p = 0.001], 66% [p < 
0.001], and 100%, respectively), which was the primary study endpoint. Patient safety, 
as defined by the absence of MACE (death, MI, unplanned revascularization, heart failure 
hospitalization) and procedure-related complications at 1 year, occurred in 23% of patients in 
the routine clinical arm and 19% of patients in the CMR-first strategy (p = 0.56). The authors 
concluded that a novel strategy implementing CMR or CTA first in the diagnostic workup in 
NSTEMI is a safe decision tool. In a second trial, Miller et al.32) randomized 105 intermediate-
risk patients with symptoms of ACS but without definite ACS based on the first ECG and 
troponin assay results to usual care or observation in a chest pain unit with stress CMR. The 
primary composite endpoints of coronary artery revascularization, hospital readmission, 
and recurrent cardiac testing at 90 days occurred in 20 (38%) usual care patients and 7 (13%) 
CMR-first patients (hazard ratio 3.4; p = 0.006). The median length of stay was shorter in 
the CMR-first strategy. Safety, defined as ACS after discharge, was favorable for CMR, with 3 
patients having ACS in the usual care arm and 0 in the CMR-first arm.

CMR protocol
The CMR protocols include a number of core components such as cine imaging, LGE, 
and perfusion with and without adenosine vasodilator stress. T2-weighted sequences for 
assessment of myocardial edema were frequently performed. Some centers also performed 
morphological images. Plein et al.33) evaluated the use of coronary MRA and found it to be a 
useful component. However, the time needed to acquire the typically 3-dimensional data set 
must be weighed against the incremental value over the core components. The scan time was 
typically less than one hour and ranged from an average of 35 minutes to 62.5 minutes.

DISCUSSION

There is a limited number of studies investigating the use of CMR in patients presenting 
with chest pain to the ED. Regardless, these studies have demonstrated several important 
findings. First, it is feasible and safe to use CMR with vasodilator stress perfusion in ED 
patients, including even those with abnormal troponins. No serious adverse events have 
been reported. Some studies have implemented a staged imaging protocol, whereby stress 
perfusion was performed only if no other imaging finding of ACS, (such as regional wall 
motion abnormalities or edema) was noted. An example of a CMR imaging protocol with 
techniques and typical findings in ED patients implemented in our lab is shown in Figure 2. 
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We proceed in a stepwise fashion to adenosine perfusion if no acute aortic pathology or ACS 
is identified. The entire study is completed in less than one hour.

It remains unclear whether it is safe to perform vasodilator stress imaging after a patient 
presents to the ED or after onset of chest pain. The recommendations are based, in part, on 
concepts from studies investigating pre-discharge exercise testing in an era when medical 
treatment was limited (e.g., quinidine, propranolol, and digoxin) and hospitalizations for an 
AMI were typically 2 weeks long.36) Nonetheless, with regard to timing, the guidelines state 
that patients can undergo imaging 9 to 24 hours after ED presentation (assuming that it is 
safe and not clinically contraindicated). Patients should be free from ischemia at rest or with 
a low-level of activity for a minimum of 12 to 24 hours prior to stress testing.24) Furthermore, 
the risk associated with 2 to 3 minutes of vasodilators, such as adenosine or regadenoson, can 
be different from that of symptom-limiting exercise or dobutamine administration.

Second, the use of CMR is particularly useful for identifying the correct diagnosis in 
patients who present with chest pain, with or without abnormal hsTn, and in whom the 
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Protocol for CMR evaluation of ED patients with chest pain

Scan time CMR techniques Findings

2 minutes Localize heart

LVEF, LVH, regional wall motion, valve
morphology/function, pericardium, pericardial
effusion, RV size and function

Myocardial edema

Thoracic aortic aneurysm, dissection

Thoracic aortic aneurysm,
dissection, central pulmonary artery,
pleural effusion

Ischemia

Myocardial necrosis presence;
pattern and location to determine ischemic
and non-ischemic etiology

10 minutes

5 minutes

5 minutes

5 minutes

10 minutes

15 minutes

Total
–50 minutes

Scout

Cardiac cine imaging
SSFP

(SAX, LAX, RV views, AoV)

Cardiac T2w imaging
T2-mapping, T2w fast spin echo

(SAX, LAX)

Thoracic aorta cine imaging
SSFP or GRE if metal implants
(axial covering thoracic aorta)

Thoracic morphology single-shot imaging
Half fourier acquisition turbo spin-echo or SSFP

(axial covering thoracic aorta)

Cardiac vasodilator stress/rest perfusion imaging*
GRE w parallel imaging acceleration

(SAX)

Cardiac late gadolinium enhancement imaging
GRE or SSFP

(SAX, LAX, covering PA long TI single shot for thrombus
SAX, LAX single shot null TI for rapid necrosis survey

SAX, LAX segmented null TI for high-resolution necrosis)

*Only if no
finding of
ACS/
dissection

Figure 2. CMR protocol for evaluation of ED patients with chest pain. An example of a CMR protocol is shown and can be used to determine the etiology of chest 
pain and abnormal troponins in patients presenting to the ED. 
CMR: cardiac magnetic resonance imaging, ED: emergency department, SSFP: steady state with free precession, SAX: short axis, LAX: long axis, RV: right 
ventricular, AoV: aortic valve, LVEF: left ventricular ejection fraction, LVH: left ventricular hypertrophy, GRE: gradient-recalled echo, PA: pulmonary artery, ACS: 
acute coronary syndrome.



initial evaluation of symptoms, risk factors, and ECG has not confirmed a diagnosis. Two 
patient examples are provided in Figure 3. As shown by Steen et al.35) several CNCDs can be 
diagnosed with CMR. Notably, some patients with non-diagnostic clinical and ECG findings 
can have ACS detected by CMR. Therefore, a systematic clinical assessment approach can 
help to determine a patient's probability of having ACS. For example, the History, ECG, Age, 
Risk Factors, and Troponin (HEART) score has been shown to accurately predict MACE in ED 
patients.37) Algorithms in which low-to-intermediate-risk patients with mildly abnormal hsTn 
could be triaged in an outpatient clinical observation unit with CMR would be useful to reduce 
hospital admissions while improving diagnosis and management in this patient group.

Third, from an economic perspective, outpatient evaluation can be more effective than 
routine admission with ICA in patients without a clear diagnosis after the initial clinical 
assessment. Both Smulders and Miller have shown that a CMR-first strategy can help to safely 
avoid or shorten admissions without increased rates of ACS, MI, death, revascularization, or 
CHF complications.32)34)
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A

B

D

E

F

G

C

Patient 1 Patient 2

Figure 3. Patient examples demonstrating utility of CMR in chest pain patients. (A-D) Patient 1 is a 52-year-old male with past medical history of type 2 diabetes 
mellitus and COVID-19 infection who was brought in by ambulance with fever 100.8º F, hypotension with systolic blood pressures in the 80s mmHg, and 
hypoglycemia. He was found to have elevated lactate, elevated white blood cell count, and acute renal failure requiring intubation and vasopressors. On day 
2 of hospitalization, ECG demonstrated new ST-segment elevation in the inferior and inferolateral leads (C). X-ray coronary angiography showed minimal, non-
obstructive coronary artery disease, and he was diagnosed with MINOCA (A). CMR revealed myocardial edema (B, yellow arrow) and epicardial enhancement 
(D, white arrow) suggestive of myocarditis (e.g., no ischemic injury) and, therefore, “False MINOCA.” (E-G) Patient 2 is a 42-year-old female with a past medical 
history of hypertension who presented with chest pain and an elevated white blood cell count. An ECG showed no ST or T changes (F). High-sensitivity troponins 
(hsTn) showed a baseline of 232 ng/L, 1-hour hsTn of 249 ng/L, and 3-hour hsTn of 257 ng/L indicating myocardial injury. The patient was admitted to the 
hospital and underwent X-ray coronary angiography, which showed a 60% small obtuse marginal 2 lesion and a 20% proximal right coronary artery lesion. She 
was diagnosed with MINOCA, and no intervention was performed (E). CMR was performed to further evaluate for myocarditis and showed a focal, transmural 
myocardial infarct in the basal inferolateral wall suggesting a “True MINOCA” (G). 
CMR: cardiac magnetic resonance imaging, COVID-19: coronavirus disease 2019, MINOCA: myocardial infarction with non-obstructive coronary arteries.



CONCLUSION

CMR is a feasible, safe, and economically effective alternative to traditional management in 
patients presenting to the ED with chest pain and an unclear diagnosis. It is a practical and 
non-invasive tool to risk-stratify patients in whom there is concern for cardiac pathology but 
inconclusive initial studies.

REFERENCES

 1. Rui PK. National Hospital Ambulatory Medical Care Survey: 2017 Emergency Department Summary 
Tables. Hyattsville, MD: National Center for Health Statistics; 2017.

 2. Reichlin T, Hochholzer W, Bassetti S, et al. Early diagnosis of myocardial infarction with sensitive cardiac 
troponin assays. N Engl J Med 2009;361:858-67. 
PUBMED | CROSSREF

 3. Shah AS, Sandoval Y, Noaman A, et al. Patient selection for high sensitivity cardiac troponin testing and 
diagnosis of myocardial infarction: prospective cohort study. BMJ 2017;359:j4788. 
PUBMED | CROSSREF

 4. Haaf P, Drexler B, Reichlin T, et al. High-sensitivity cardiac troponin in the distinction of acute myocardial 
infarction from acute cardiac noncoronary artery disease. Circulation 2012;126:31-40. 
PUBMED | CROSSREF

 5. McNamara RL, Chung SC, Jernberg T, et al. International comparisons of the management of patients 
with non-ST segment elevation acute myocardial infarction in the United Kingdom, Sweden, and the 
United States: The MINAP/NICOR, SWEDEHEART/RIKS-HIA, and ACTION Registry-GWTG/NCDR 
registries. Int J Cardiol 2014;175:240-7. 
PUBMED | CROSSREF

 6. Kimenai DM, Lindahl B, Jernberg T, Bekers O, Meex SJ, Eggers KM. Sex-specific effects of implementing 
a high-sensitivity troponin I assay in patients with suspected acute coronary syndrome: results from 
SWEDEHEART registry. Sci Rep 2020;10:15227. 
PUBMED | CROSSREF

 7. Yousuf T, Keshmiri H, Ziffra J, et al. Impact of chest pain protocol targeting intermediate cardiac risk 
patients in an observation unit of an academic tertiary care center. J Clin Med Res 2016;8:111-5. 
PUBMED | CROSSREF

 8. Agewall S, Beltrame JF, Reynolds HR, et al. ESC working group position paper on myocardial infarction 
with non-obstructive coronary arteries. Eur Heart J 2017;38:143-53. 
PUBMED | CROSSREF

 9. Kim RJ, Albert TS, Wible JH, et al. Performance of delayed-enhancement magnetic resonance 
imaging with gadoversetamide contrast for the detection and assessment of myocardial infarction: an 
international, multicenter, double-blinded, randomized trial. Circulation 2008;117:629-37. 
PUBMED | CROSSREF

 10. Thygesen K, Alpert JS, Jaffe AS, et al. Fourth universal definition of myocardial infarction (2018). 
Circulation 2018;138:e618-51. 
PUBMED | CROSSREF

 11. Yilmaz A, Mahrholdt H, Athanasiadis A, et al. Coronary vasospasm as the underlying cause for chest pain 
in patients with PVB19 myocarditis. Heart 2008;94:1456-63. 
PUBMED | CROSSREF

 12. Agewall S, Giannitsis E, Jernberg T, Katus H. Troponin elevation in coronary vs. non-coronary disease. 
Eur Heart J 2011;32:404-11. 
PUBMED | CROSSREF

 13. Callan PD, Baltabaeva A, Kamal M, et al. Acute fulminant necrotizing eosinophilic myocarditis: early 
diagnosis and treatment. ESC Heart Fail 2017;4:660-4. 
PUBMED | CROSSREF

 14. Greulich S, Deluigi CC, Gloekler S, et al. CMR imaging predicts death and other adverse events in 
suspected cardiac sarcoidosis. JACC Cardiovasc Imaging 2013;6:501-11. 
PUBMED | CROSSREF

 15. Dong Y, Zhou H, Li M, et al. A novel simple scoring model for predicting severity of patients with SARS-
CoV-2 infection. Transbound Emerg Dis 2020;67:2823-9. 
PUBMED | CROSSREF

104https://e-jcvi.org https://doi.org/10.4250/jcvi.2021.0036

Cardiac MRI in Patients Presenting with Chest Pain

http://www.ncbi.nlm.nih.gov/pubmed/19710484
https://doi.org/10.1056/NEJMoa0900428
http://www.ncbi.nlm.nih.gov/pubmed/29114078
https://doi.org/10.1136/bmj.j4788
http://www.ncbi.nlm.nih.gov/pubmed/22623715
https://doi.org/10.1161/CIRCULATIONAHA.112.100867
http://www.ncbi.nlm.nih.gov/pubmed/24882696
https://doi.org/10.1016/j.ijcard.2014.04.270
http://www.ncbi.nlm.nih.gov/pubmed/32943674
https://doi.org/10.1038/s41598-020-72204-2
http://www.ncbi.nlm.nih.gov/pubmed/26767079
https://doi.org/10.14740/jocmr2441w
http://www.ncbi.nlm.nih.gov/pubmed/28158518
https://doi.org/10.1093/eurheartj/ehw149
http://www.ncbi.nlm.nih.gov/pubmed/18212288
https://doi.org/10.1161/CIRCULATIONAHA.107.723262
http://www.ncbi.nlm.nih.gov/pubmed/30571511
https://doi.org/10.1161/CIR.0000000000000617
http://www.ncbi.nlm.nih.gov/pubmed/18230640
https://doi.org/10.1136/hrt.2007.131383
http://www.ncbi.nlm.nih.gov/pubmed/21169615
https://doi.org/10.1093/eurheartj/ehq456
http://www.ncbi.nlm.nih.gov/pubmed/29154424
https://doi.org/10.1002/ehf2.12146
http://www.ncbi.nlm.nih.gov/pubmed/23498675
https://doi.org/10.1016/j.jcmg.2012.10.021
http://www.ncbi.nlm.nih.gov/pubmed/32469137
https://doi.org/10.1111/tbed.13651


 16. Plácido R, Cunha Lopes B, Almeida AG, Rochitte CE. The role of cardiovascular magnetic resonance in 
takotsubo syndrome. J Cardiovasc Magn Reson 2016;18:68. 
PUBMED | CROSSREF

 17. Morrow DA, Velazquez EJ, DeVore AD, et al. Cardiovascular biomarkers in patients with acute 
decompensated heart failure randomized to sacubitril-valsartan or enalapril in the PIONEER-HF trial. Eur 
Heart J 2019;40:3345-52. 
PUBMED | CROSSREF

 18. Mahrholdt H, Wagner A, Judd RM, Sechtem U, Kim RJ. Delayed enhancement cardiovascular magnetic 
resonance assessment of non-ischaemic cardiomyopathies. Eur Heart J 2005;26:1461-74. 
PUBMED | CROSSREF

 19. Ricciardi MJ, Wu E, Davidson CJ, et al. Visualization of discrete microinfarction after percutaneous 
coronary intervention associated with mild creatine kinase-MB elevation. Circulation 2001;103:2780-3. 
PUBMED | CROSSREF

 20. Katz G, Kolasinski SL, Sundaram B, Loizidis G. Elevated cardiac troponin T in patients with lupus 
myositis presenting with noncardiac chest pain. Case Rep Rheumatol 2020;2020:8884759. 
PUBMED | CROSSREF

 21. Amsterdam EA, Wenger NK, Brindis RG, et al. 2014 AHA/ACC guideline for the management of patients 
with non-ST-elevation acute coronary syndromes: a report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines. Circulation 2014;130:e344-426.
PUBMED

 22. Fox KA, Dabbous OH, Goldberg RJ, et al. Prediction of risk of death and myocardial infarction in the six 
months after presentation with acute coronary syndrome: prospective multinational observational study 
(GRACE). BMJ 2006;333:1091. 
PUBMED | CROSSREF

 23. Antman EM, Cohen M, Bernink PJ, et al. The TIMI risk score for unstable angina/non-ST elevation MI: a 
method for prognostication and therapeutic decision making. JAMA 2000;284:835-42. 
PUBMED | CROSSREF

 24. Rybicki FJ, Udelson JE, Peacock WF, et al. 2015 ACR/ACC/AHA/AATS/ACEP/ASNC/NASCI/SAEM/
SCCT/SCMR/SCPC/SNMMI/STR/STS appropriate utilization of cardiovascular imaging in emergency 
department patients with chest pain: a joint document of the American College of Radiology 
Appropriateness Criteria Committee and the American College of Cardiology Appropriate Use Criteria 
Task Force. J Am Coll Cardiol 2016;67:853-79. 
PUBMED | CROSSREF

 25. Mahaffey KW, Puma JA, Barbagelata NA, et al. Adenosine as an adjunct to thrombolytic therapy for 
acute myocardial infarction: results of a multicenter, randomized, placebo-controlled trial: the Acute 
Myocardial Infarction STudy of ADenosine (AMISTAD) trial. J Am Coll Cardiol 1999;34:1711-20. 
PUBMED | CROSSREF

 26. Cerqueira MD, Verani MS, Schwaiger M, Heo J, Iskandrian AS. Safety profile of adenosine stress perfusion 
imaging: results from the Adenoscan Multicenter Trial Registry. J Am Coll Cardiol 1994;23:384-9. 
PUBMED | CROSSREF

 27. Gibbons RJ, Balady GJ, Bricker JT, et al. ACC/AHA 2002 guideline update for exercise testing: summary 
article: a report of the American College of Cardiology/American Heart Association Task Force on Practice 
Guidelines (committee to update the 1997 exercise testing guidelines). Circulation 2002;106:1883-92. 
PUBMED | CROSSREF

 28. Heitner JF, Klem I, Rasheed D, et al. Stress cardiac MR imaging compared with stress echocardiography 
in the early evaluation of patients who present to the emergency department with intermediate-risk chest 
pain. Radiology 2014;271:56-64. 
PUBMED | CROSSREF

 29. Ingkanisorn WP, Kwong RY, Bohme NS, et al. Prognosis of negative adenosine stress magnetic resonance 
in patients presenting to an emergency department with chest pain. J Am Coll Cardiol 2006;47:1427-32. 
PUBMED | CROSSREF

 30. Kwong RY, Schussheim AE, Rekhraj S, et al. Detecting acute coronary syndrome in the emergency 
department with cardiac magnetic resonance imaging. Circulation 2003;107:531-7. 
PUBMED | CROSSREF

 31. Lerakis S, McLean DS, Anadiotis AV, et al. Prognostic value of adenosine stress cardiovascular magnetic 
resonance in patients with low-risk chest pain. J Cardiovasc Magn Reson 2009;11:37. 
PUBMED | CROSSREF

 32. Miller CD, Case LD, Little WC, et al. Stress CMR reduces revascularization, hospital readmission, and 
recurrent cardiac testing in intermediate-risk patients with acute chest pain. JACC Cardiovasc Imaging 
2013;6:785-94. 
PUBMED | CROSSREF

105https://e-jcvi.org https://doi.org/10.4250/jcvi.2021.0036

Cardiac MRI in Patients Presenting with Chest Pain

http://www.ncbi.nlm.nih.gov/pubmed/27729054
https://doi.org/10.1186/s12968-016-0279-5
http://www.ncbi.nlm.nih.gov/pubmed/31093657
https://doi.org/10.1093/eurheartj/ehz240
http://www.ncbi.nlm.nih.gov/pubmed/15831557
https://doi.org/10.1093/eurheartj/ehi258
http://www.ncbi.nlm.nih.gov/pubmed/11401931
https://doi.org/10.1161/hc2301.092121
http://www.ncbi.nlm.nih.gov/pubmed/33149955
https://doi.org/10.1155/2020/8884759
http://www.ncbi.nlm.nih.gov/pubmed/25249585
http://www.ncbi.nlm.nih.gov/pubmed/17032691
https://doi.org/10.1136/bmj.38985.646481.55
http://www.ncbi.nlm.nih.gov/pubmed/10938172
https://doi.org/10.1001/jama.284.7.835
http://www.ncbi.nlm.nih.gov/pubmed/26809772
https://doi.org/10.1016/j.jacc.2015.09.011
http://www.ncbi.nlm.nih.gov/pubmed/10577561
https://doi.org/10.1016/S0735-1097(99)00418-0
http://www.ncbi.nlm.nih.gov/pubmed/8294691
https://doi.org/10.1016/0735-1097(94)90424-3
http://www.ncbi.nlm.nih.gov/pubmed/12356646
https://doi.org/10.1161/01.CIR.0000034670.06526.15
http://www.ncbi.nlm.nih.gov/pubmed/24475814
https://doi.org/10.1148/radiol.13130557
http://www.ncbi.nlm.nih.gov/pubmed/16580532
https://doi.org/10.1016/j.jacc.2005.11.059
http://www.ncbi.nlm.nih.gov/pubmed/12566362
https://doi.org/10.1161/01.CIR.0000047527.11221.29
http://www.ncbi.nlm.nih.gov/pubmed/19772587
https://doi.org/10.1186/1532-429X-11-37
http://www.ncbi.nlm.nih.gov/pubmed/23664718
https://doi.org/10.1016/j.jcmg.2012.11.022


 33. Plein S, Greenwood JP, Ridgway JP, Cranny G, Ball SG, Sivananthan MU. Assessment of non-ST-
segment elevation acute coronary syndromes with cardiac magnetic resonance imaging. J Am Coll Cardiol 
2004;44:2173-81. 
PUBMED | CROSSREF

 34. Smulders MW, Kietselaer BL, Wildberger JE, et al. Initial imaging-guided strategy versus routine care in 
patients with non-ST-segment elevation myocardial infarction. J Am Coll Cardiol 2019;74:2466-77. 
PUBMED | CROSSREF

 35. Steen H, Madadi-Schroeder M, Lehrke S, Lossnitzer D, Giannitsis E, Katus HA. Staged cardiovascular 
magnetic resonance for differential diagnosis of troponin T positive patients with low likelihood for acute 
coronary syndrome. J Cardiovasc Magn Reson 2010;12:51. 
PUBMED | CROSSREF

 36. Starling MR, Crawford MH, Kennedy GT, O'Rourke RA. Treadmill exercise tests predischarge and six 
weeks post-myocardial infarction to detect abnormalities of known prognostic value. Ann Intern Med 
1981;94:721-7. 
PUBMED | CROSSREF

 37. Laureano-Phillips J, Robinson RD, Aryal S, et al. HEART score risk stratification of low-risk chest pain 
patients in the emergency department: a systematic review and meta-analysis. Ann Emerg Med 2019;74:187-203. 
PUBMED | CROSSREF

Cardiac MRI in Patients Presenting with Chest Pain

106https://e-jcvi.org https://doi.org/10.4250/jcvi.2021.0036

http://www.ncbi.nlm.nih.gov/pubmed/15582315
https://doi.org/10.1016/j.jacc.2004.08.056
http://www.ncbi.nlm.nih.gov/pubmed/31727284
https://doi.org/10.1016/j.jacc.2019.09.027
http://www.ncbi.nlm.nih.gov/pubmed/20840783
https://doi.org/10.1186/1532-429X-12-51
http://www.ncbi.nlm.nih.gov/pubmed/7235411
https://doi.org/10.7326/0003-4819-94-6-721
http://www.ncbi.nlm.nih.gov/pubmed/30718010
https://doi.org/10.1016/j.annemergmed.2018.12.010


Appendix 1

Literature search methodology
The search was completed using 3 main parts. The first part aimed to focus on articles 
about cardiac magnetic resonance imaging (MRI) with or without stress cardiac magnetic 
resonance imaging (CMR). This was done using the following query: “(Magnetic resonance 
imaging”[Mesh]OR “magnetic resonance”[tiab] OR MRI[tiab]) AND (cardiac[tiab] OR 
cardiovascular[tiab] OR heart[tiab] OR myocardial[tiab] OR coronary[tiab]) OR cMR[tiab]
OR cMRI[tiab] OR ((cardiac[tiab] OR heart[tiab] OR stress[tiab]) AND magnetic[tiab] 
imaging[tiab]. The second part helped to focus on patients presenting to the emergency 
room with chest pain or found to have an non-ST elevation myocardial infarction (NSTEMI). 
The following query was used: “Emergency Service, Hospital”[Mesh]OR “emergency 
room”[tiab] OR “emergency rooms”[tiab] OR “emergency department”[tiab] OR 
“emergency departments”[tiab] OR “Non-ST Elevated Myocardial Infarction”[Mesh]OR 
NSTEMI[tiab] OR “Non–ST-Segment ElevationMyocardial Infarction” OR “chest pain”[tiab]. 
Finally, to ensure selection of articles focused on acute chest pain, and ideally those with 
positive troponins, the third part used the following simpler query: “Troponin”[Mesh]OR 
troponin[tiab] OR troponins[tiab].

A PubMed search was completed using the three parts above with “AND” logic, i.e. 1 AND 
2 AND 3, with exclusion of case reports. Only patients published in English and involving 
human subjects were considered. The search yielded 111 relevant papers.

Abstracts were reviewed for all 111 papers by 1 author, yielding 31 relevant articles worth 
further evaluation. 80 were excluded either due to lack of relevance or case reports which 
were not filtered by the original query. Pertinent review articles on CMR in the ED or in 
patients with chest pain were reviewed, and relevant citations from those publications were 
explored. 57 articles underwent secondary review by 2 authors to determine which were 
appropriate for inclusion. Ultimately, 8 articles were selected for inclusion meeting the 
following inclusion and exclusion criteria:

•  Inclusion criteria: Randomized controlled trial or cohort analysis looking at the use of 
cardiac MRI in patients presenting to the emergency department with chest pain or elevated 
troponins. Cardiac MRI had to performed in the emergency department, in a clinical 
observation unit if such a unit existed in that hospital, or immediately following admission 
from the emergency department.

•  Exclusion criteria: Case reports. Review articles. Studies looking at the use of CMR in 
outpatients with stable angina or patients who had had a recent negative invasive coronary 
angiogram.
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