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Abstract: Current strategies for the evaluation of patients with chest pain have significantly changed
thanks to the implemented potentiality of CT and MRI. The possible fatal consequences and high
malpractice costs of missed acute coronary syndromes lead to unnecessary hospital admissions every
year. CT provides consistent diagnostic support, mainly in suspected coronary disease in patients
with a low or intermediate pre-test risk. Moreover, it can gain information in the case of cardiac
involvement in pulmonary vascular obstructive disease. MRI, on the other hand, has a leading
role in the condition of myocardial damage irrespective of the underlying inflammatory or stress
related etiology. This article discusses how radiology techniques (CT and MRI) can impact the
diagnostic workflow of the most common cardiac and vascular pathologies that are responsible for
non-traumatic chest pain admissions to the Emergency Department.

Keywords: cardiac radiology; cardiac-CT; cardiac MRI; CT angiography; acute coronary syndrome;
myocarditis; cardiomyopathy

1. Introduction

Most patients with cardiovascular emergencies present with chest pain and/or dysp-
nea. In this scenario, cardiac and non-cardiac etiologies must be taken into consideration [1].
Cardiac causes include ischemic and non-ischemic pathologies: acute coronary syndrome
(ACS), stress-induced cardiomyopathy, and myo/pericarditis. Chest pain related to non-
cardiac pathologies is mainly represented by aortic dissection, esophageal alterations,
pulmonary embolism, inflammatory lung disease, and costochondritis [2]. The question
of whether a patient presenting with acute chest pain may be safely discharged from the
emergency department (ED) remains one of the most common and contentious clinical
conundrums facing physicians [3]. Distinguishing visceral from musculoskeletal pain is the
first essential step in the diagnostic approach. Most nontraumatic musculoskeletal chest
wall pain (42%) is attributed to costochondritis which is diagnosed by physical examina-
tion [4]. Contrastingly, once visceral pain is suspected a stepwise diagnostic algorithm must
be followed in order to reach a final diagnosis. This strategy usually includes a clinical
evaluation (medical history and physical examination); laboratory samples (mainly cardiac
troponins, B-type natriuretic peptide [BNP], N-terminal proBNP [NT-proBNP], D-dimer);
and imaging methods (electrocardiogram [ECG], chest radiograph [CXR], transthoracic
echocardiography [TTE], computed tomography [CT]). In a subacute phase, Magnetic
Resonance Imaging (MRI) should be utilized [1,5–14]. In the context of current guidelines
and mostly applied diagnostic protocols, the aim of this article is to highlight the pivotal
role played by diagnostic radiological exams (CT and MRI) in the management of patients
who present in the emergency setting with a cardiac pathology.

2. Myocarditis

Myocarditis, a non-ischemic inflammatory disease of the myocardium is a cause of
myocardial injury. It may be present in acute, fulminant, subacute and chronic forms [15].
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Injury can manifest itself across a wide spectrum of clinical severity: from subclinical
disease to myocarditis with preserved cardiac function, to more severe cases that result in
reduced systolic or diastolic function, arrhythmia, and rarely, hemodynamic collapse and
cardiogenic shock [16]. According to postmortem analysis, myocarditis accounts for up to
12% of sudden cardiac deaths in young adults [16,17]. Acute myocarditis is defined as a
period of <1 month between the onset of symptoms and diagnosis [16,18,19] and it must be
differentiated from acute coronary syndromes and acute pericarditis given the overlapping
clinical features [15]. In a recent metanalysis, Tronvall et al. reported that approximately
one-third of those patients presenting with acute coronary syndrome without substantial
coronary artery disease are ultimately diagnosed with acute myocarditis [20]. Myocarditis is
driven by an immune response directed at cardiomyocytes. The initial trigger in developed
countries is viral infection [21]. Noninfectious causes of myocardial inflammation include
autoimmune and immune-mediated disease. Several drugs and medications have also
been reported as a cause of myocarditis [22]. Although the diagnostic gold standard is still
considered the histologic evaluation of the myocardium showing focal or diffuse inflamma-
tory cellular infiltration [23], nowadays endomyocardial biopsy is rarely performed [16].
In the emergency setting diagnostic criteria is mainly focused on electrocardiographic
parameters and elevated troponin levels and a functional and structural evaluation using
cardiac imaging (mainly cardiac MRI (CMR) which is considered mandatory) [24].

CMR can identify three diagnostic features during an inflammatory myocardial pro-
cess: edema, hyperemia, and necrosis or fibrosis [25].

These three targets have been proposed for the diagnosis of acute myocarditis since
the first consensus on Cardiovascular Magnetic Resonance (CMR) in Myocardial Inflam-
mation in 2009—the “Lake Louise Criteria” (LLC)—and were subsequently revised and
implemented in 2018 [26]. Traditional T2-weighted imaging and T2 mapping techniques
can assess the presence of edema as a physiological response triggered by damage to
living tissues.

Hyperemia is the first stage of the inflammatory response, a process characterized
by a change in blood flow in the damaged area. T1w images after the administration of
a gadolinium-based contrast agent show an early and intense gadolinium enhancement
compared with a noninflamed myocardium.

Necrosis or fibrosis are both consequences of prolonged or severe tissue damage. This
mechanism contributes to expanding the interstitium, increasing the volume of contrast
media in the extracellular space. Necrosis and fibrosis might be evaluated using late
gadolinium enhancement (LGE) imaging. Further, native T1 mapping is considered a
useful tool for the evaluation of fibrosis.

Furthermore, extracellular volume (ECV) is also considered an indicator of extracellu-
lar space expansion which typically occurs in fibrotic changes and can be assessed using
T1 maps acquired pre- and post-administration of contrast media. It has a complementary
role to LGE due to its ability to detect milder and diffuse fibrosis. The MyoRacer trial [27]
found similar incidence of LGE in patients with acute and chronic myocarditis; however,
the latter had relatively higher intramural enhancement and a significantly lower incidence
of lateral wall involvement.

During the SARS-CoV2 pandemic, several cases of myocarditis were observed.
Similar to other viral pathogens, in this setting myocardial impairment was the result

of direct viral cell damage and an autoimmune reaction. Consequently, CMR findings do
not differ from what was already described in the Lake Louise criteria [25].

As the pharmacokinetics of iodinated and gadolinium- based contrast agents are
similar, the technique of late myocardial enhancement could also be applied on MDCT
scans [28]. Decreased tube voltage (70–80 kVp) and increased contrast agent volume
may strengthen damaged myocardial density and enhance scar or fibrosis visualization in
delayed phase cardiac MDCT even with lower signal-to-noise ratio. Furthermore, multi-
energy scanners may provide additional improvement to the potential of MDCT. It has
been demonstrated that monochromatic images with optimal energy levels derived by
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multi-energetic acquisition yield a better contrast-to-noise ratio than conventional single-
energy polychromatic images that are commonly used for late enhancement [29]. With the
optimized late enhancement technique, MDCT could be a promising “one stop shop” exam
and an alternative to CMR, especially in patients with an infarct-like presentation of acute
myocarditis (Figure 1).

Tomography 2022, 8, FOR PEER REVIEW 3 
 

 

strengthen damaged myocardial density and enhance scar or fibrosis visualization in 
delayed phase cardiac MDCT even with lower signal-to-noise ratio. Furthermore, multi-
energy scanners may provide additional improvement to the potential of MDCT. It has 
been demonstrated that monochromatic images with optimal energy levels derived by 
multi-energetic acquisition yield a better contrast-to-noise ratio than conventional single-
energy polychromatic images that are commonly used for late enhancement [29]. With the 
optimized late enhancement technique, MDCT could be a promising “one stop shop” 
exam and an alternative to CMR, especially in patients with an infarct-like presentation 
of acute myocarditis (Figure 1). 

 
Figure 1. A young adult presenting at emergency department with acute chest pain, subtle ST 
alterations in the lateral wall of the left ventricle and cardiac enzymes elevation. Cardiac MRI was 
performed 48 h later demonstrating edema in the inferior-lateral wall of the left ventricle (a) 
associated with hyperemia in early gadolinium enhancement (b) and post-inflammatory fibrosis 
using late gadolinium enhancement sequences (c). 

3. Pericarditis 
Pericardial inflammation may occur in quite a varied spectrum of conditions, 

including infections (viral, bacterial, fungal and tubercular); autoimmune diseases (such 
as LES, scleroderma, rheumatoid arthritis); primary or secondary pericardial tumors; and 
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injury (surgery, mediastinal radiotherapy) and cardiac damage (transmural infarction and 
Dressler syndrome). Up to 30% of cases have no defined cause and are consequently 
classified as idiopathic [30]. 

CT and MRI can equally demonstrate pericardial effusion and pericardial thickening. 
A 4 mm thickness is conventionally indicated as the upper limit of normal, although it 
must be emphasized that pericarditis may be present even when the pericardium is within 
normal limits. Stranding of the pericardiac fat tissue can be an ancillary finding [31]. MRI 
better depicts pericardial enhancement (on spin echo T1 and LGE sequences) and 
myocardial enhancement, and the combination of the two (myopericarditis) entails a 
higher risk of complications [32] (Figure 2).  

In some cases, acute inflammation causes permanent fibrotic changes and calcium 
deposition in the pericardium, resulting in constrictive pericarditis. In this condition, the 
stiffening of the pericardium affects ventricular filling. During inspiration RV filling 
prevails whereas during expiration LV filling is enhanced. The combination of 
morphologic changes in the pericardium, the remodeling (tubing) of ventricular cavities 
and biatrial enlargement are indirect signs of constrictive pericarditis. MRI, however, 
permits a direct demonstration of functional alterations: real-time cine sequences acquired 
during free-breathing show flattening of the interventricular septum at inspiration, 
followed by a return to normal convexity at the end of expiration (septal bounce).  

Figure 1. A young adult presenting at emergency department with acute chest pain, subtle ST
alterations in the lateral wall of the left ventricle and cardiac enzymes elevation. Cardiac MRI
was performed 48 h later demonstrating edema in the inferior-lateral wall of the left ventricle
(a) associated with hyperemia in early gadolinium enhancement (b) and post-inflammatory fibrosis
using late gadolinium enhancement sequences (c).

3. Pericarditis

Pericardial inflammation may occur in quite a varied spectrum of conditions, including
infections (viral, bacterial, fungal and tubercular); autoimmune diseases (such as LES,
scleroderma, rheumatoid arthritis); primary or secondary pericardial tumors; and chronic
kidney disease. Furthermore, pericarditis may be triggered by direct pericardial injury
(surgery, mediastinal radiotherapy) and cardiac damage (transmural infarction and Dressler
syndrome). Up to 30% of cases have no defined cause and are consequently classified as
idiopathic [30].

CT and MRI can equally demonstrate pericardial effusion and pericardial thickening.
A 4 mm thickness is conventionally indicated as the upper limit of normal, although it
must be emphasized that pericarditis may be present even when the pericardium is within
normal limits. Stranding of the pericardiac fat tissue can be an ancillary finding [31].
MRI better depicts pericardial enhancement (on spin echo T1 and LGE sequences) and
myocardial enhancement, and the combination of the two (myopericarditis) entails a higher
risk of complications [32] (Figure 2).
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Figure 2. A 28 y/o man presented at the emergency department with fever and chest pain. At
the admission, cardiac enzymes were elevated and ECG did not show any alteration. Cardiac
MRI was performed 1 day later and revealed pericardial alteration: presence of edema (a) and
post-inflammatory fibrosis (b,c).
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In some cases, acute inflammation causes permanent fibrotic changes and calcium
deposition in the pericardium, resulting in constrictive pericarditis. In this condition,
the stiffening of the pericardium affects ventricular filling. During inspiration RV filling
prevails whereas during expiration LV filling is enhanced. The combination of morphologic
changes in the pericardium, the remodeling (tubing) of ventricular cavities and biatrial
enlargement are indirect signs of constrictive pericarditis. MRI, however, permits a direct
demonstration of functional alterations: real-time cine sequences acquired during free-
breathing show flattening of the interventricular septum at inspiration, followed by a return
to normal convexity at the end of expiration (septal bounce).

4. MINOCA: Myocardial Infarction with Non-Obstructive Coronary Arteries

MINOCA occurs in 1–15% of acute MI cases in patients presenting with acute ST-
segment elevation MI or non-ST segment elevation MI [33,34]. The incidence of major
cardiovascular (CV) events (MACE) in MINOCA has increased in the past few years [35].
Patients with MINOCA are often younger, more likely to be women, and less likely to have
dyslipidemia [36,37]. Approximately one-third of patients have been reported to present
suspected STEMI within an emergency setting and the remaining majority as NSTEMI
patients undergoing subsequent angiography [38,39]. The diagnosis of MINOCA is made
according to the Fourth Universal Definition and must meet three criteria: first, a defini-
tive diagnosis of MI; second, the absence of culprit obstructive coronary artery disease
(epicardial coronary artery stenosis ≥ 50%) in an infarct-related epicardial artery during
coronary angiography following acute MI; third, there is no overt systemic etiology for
the presentation (e.g., myocarditis and pulmonary embolism). MINOCA disorders can be
classified within the Fourth Universal Definition of MI. They may meet criteria for type 1 MI
where epicardial coronary artery disorders are diagnosed, or type 2 MI due to endothelial
dysfunction or oxygen supply and demand mismatch, or myocardial injury [40]. When a
diagnosis of MINOCA is made, an invasive and adjunctive investigation should be consid-
ered with the appropriate utilization of intravascular imaging, coronary function testing
and subsequent imaging to assess myocardial disorders without coronary involvement [41].
Because plaque rupture, erosion, ulceration, calcific nodules and intraplaque hemorrhage
are common in MINOCA, coronary intravascular ultrasound (IVUS) or optical coherence
tomography (OCT) are useful in assessing ‘missed’ obstructive disease or dissection [42].

CMR should be performed as soon as feasible after MINOCA is identified and it
is therefore recommended within 7 days of presentation because delayed imaging can
sometimes result in some features no longer being evident [26,33]. CMR can identify my-
ocardial activity, inflammation, tissue morphology, myocardial oedema and scarring. Late
gadolinium enhancement, if present localizes the site of myocardial damage and the pattern
of distribution can suggest the diagnosis: subendocardial or transmural enhancement is
typical of an ischaemic aetiology, whereas the absence of late gadolinium enhancement
may be in keeping with microvascular dysfunction or a non-cardiac cause [43].

CT coronary angiography (CCTA) is not indicated in these patients [9,10] due to the
presence of ECG alterations and enzyme elevation that were recorded, but it may be of
value when diagnostic uncertainty remains after intravascular imaging. In this group of
patients, CT can assess the presence of intramural hematoma, dissection and acute coronary
plaque disease. A negative CT study is associated with excellent prognosis and it allows
the remaining work-up of non-ischemic causes to be redirected. Moreover, a normal CT
study also has important management implications because the use of antiplatelet and
statin therapy can be considered pointless when the atherosclerotic wall changes are absent.
However, it is important to note that CCTA may be less accurate in an acute setting because
of general illness. Therefore, the prognostic implications of a negative CCTA may not apply
to MINOCA patients (Figure 3).
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Figure 3. MINOCA-Miocardial Infarct non obstructive coronaries. The patient presented to the
emergency department with acute chest pain, ECG and cardiac enzymes suggestive of STEMI in
the lateral wall of the left ventricle. The patient was readily referred to coronary angiography and
cardiac catheterization showed absence of obstructive stenoses in the coronary tree (a). One day later
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a cardiac MRI was performed demonstrating a subacute ischemic scar in the lateral wall of the
medium-apical left ventricle ((b)-LGE short axis view, (c)-LGE four chambers view). In the context
of transmural late gadolinium enhancement, a constantly hypointense central area is present, repre-
senting a microvascular obstruction zone (red arrow). A cardiac CT was subsequently performed
in order to assess coronary wall features and the presence of atherosclerosis. CT images in volume
rendering (d) and multiplanar oblique reconstruction (e) demonstrated a non-calcified atherosclerotic
alteration in an obtuse marginal vessel, serving the infarcted zone. A partly calcified atherosclerotic
pathology was present in the anterior descending artery.

5. Takotsubo Cardiomyopathy

Takotsubo cardiomyopathy (TTC), also known as stress cardiomyopathy is an acute
transient left ventricle dysfunction in which there is a sudden and reversible myocardial
stunning in the absence of occlusive coronary artery disease [43]. TTC is usually triggered
by physical or emotional stress in one-third of the cases. Clinically, it mimics acute myocar-
dial infarction and patients typically refer chest pain and/or dyspnea. It is responsible for
about 1% to 2% of patients presenting with acute myocardial injury and it often presents as
a MINOCA “mimic” [43]. TTC predominantly affects postmenopausal women (90%) and
accounts for approximately 5–6% of female patients presenting with suspected ST-elevation
myocardial infarction (STEMI). Therefore, cardiac imaging tools have a crucial role in these
patients. Coronary angiography is necessary to exclude pathological coronary stenosis
and CCTA should be considered as an alternative diagnostic tool in the case of low or
medium pre-test risk patients because of its high negative predictive value. On the other
hand, transthoracic echocardiography is the first non-invasive imaging modality for an
early evaluation of left ventricle systolic and diastolic function [44].

CMR is indicated in all patients presenting with suspected Takotsubo. CMR allows for
the multiparametric quantification of myocardial tissue characteristics such as the absence
of late gadolinium enhancement (typically) and of late enhancement on delayed contrast
sequences. These findings differentiate Takotsubo cardiomyopathy from anterior STEMI
in which necrosis in the wall is present in most patients even when there is no-reflow or
microvascular obstruction [45,46]. CMR detects myocardial edema on T2-STIR that directly
relates to the water content in the myocardial wall. In Takotsubo cardiomyopathy, edema is
typically located in the apical mid-ventricular planes, sparing the basal plane, and matches
the wall-motion abnormalities seen on cine MRI [45–48].

Less frequent can be the reverse presentation (reverse Takotsubo syndrome) where the
basal left myocardium can be affected (Figure 4).
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Figure 4. A 60 y/o woman presenting with acute chest pain and Troponin elevation with ECG
alterations in the anterior leads. Echocardiogram showed dyskinesia of the anterior middle wall
of the left ventricle. Subsequent cardiac MRI (24 h later) demonstrated dyskinetic movement in
the anterior wall of the left ventricle ((a)-cine images frame in the systolic phase showing anterior
bulging), associated to edema in the anterior wall (b). No LGE was found in the myocardial wall.
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6. Acute Coronary Syndrome

Acute coronary syndrome (ACS) refers to a group of diseases in which blood flow to
the heart is decreased. It is a manifestation of CHD (coronary heart disease) which usually
results in plaque disruption in the coronary arteries (atherosclerosis) and the formation
of thrombus. In some cases, ACS may be due to vasospasm with or without underlying
atherosclerosis, but in both cases it determines a reduction in blood flow to a part of the
heart, resulting first in ischemia and then infarction.

ACS includes several conditions: ST-segment elevation myocardial infarction (STEMI),
non-ST-segment elevation myocardial infarction (NSTEMI), and unstable angina, and it is
responsible for one third of total deaths in people older than 35 [49].

In patients with suspected ACS, it will first be necessary to classify the patient in one
of the two major sub-categories (STEMI and NSTEMI) and subsequently to distinguish
the N-STEMI subtype (N-STEMI and unstable angina). STEMI is representative of an
acute myocardial infarction with evidence of myocardial necrosis. Most of the patients
presenting with ischemic symptoms and persistent ST-segment elevation on the electro-
cardiogram (ECG) > 20 min will show a typical rise in biomarkers of myocardial necrosis
and progress to Q-wave myocardial infarction [50]. Patients with acute chest pain but no
persistent ST-segment elevation may have a variety of ECG abnormalities such as tran-
sient ST-segment elevation, persistent or transient ST-segment depression, inversion of
the T wave, flat T waves, or pseudo-normalization of the T waves up to a normal ECG.
Cardiomyocyte necrosis [myocardial infarction without ST-segment elevation (NSTEMI)]
or, less frequently, myocardial ischemia without cell damage (unstable angina) may be
observed in the myocardium [10].

Suspected Acute Coronary Syndrome

In patients with a high risk of ACS, a prompt invasive coronary angiography and/or
revascularization should be performed to salvage the viable myocardium. In such a
scenario, radiology techniques (CT or MRI) should not be employed, they should only
be used in the post-treatment phase for assessing the extent of myocardial damage. In
contrast, in patients with a low to moderate risk of ACS alongside the non-invasive clinical
instrumental standard evaluation, radiological techniques and in particular CT can play
a key role in making a faster diagnosis, compared to standard of care [51–53]. Standard
protocol is associated with a long stay in the emergency room or coronary care unit waiting
for any changes in the ECG or troponin to occur or waiting for stress tests, the results of
which are emergency room overcrowding and an increase in cost. State-of-the-art CT scans
(≥64 slices) can acquire images in moments, thereby reducing the possibility of artifacts
and allowing the quick and reliable exclusion of ACS without ST-segment elevation by
displaying the main coronary vessels and their main branches. The ROMICAT II and
ACRIN studies have shown that CTA can lead to rapid and safe discharge from ED (47%
vs. 12%, p < 0.001 and 49.6% vs. 22.7%, p < 0.001, respectively), reducing hospitalization
times (8.6 h vs. 26.7 h, p < 0.001 and 18.0 h vs. 24.8 h, p < 0.001, respectively) and showing a
better cost–benefit ratio than standard-of-care, thanks to the high negative predictive value
of the CTA (excluding coronary stenosis > 50%) [54,55]. The main advantage of coronary
CT is the possibility to evaluate the vessel wall with consequent plaque characterization.
CT can also exclude or detect any serious complications of acute myocardial infarction
(pulmonary edema and acute mitral regurgitation, due to the ischemic involvement of
the papillary muscles, ventricular septal defect, free wall rupture, etc.) [56–58]. A type 1
acute myocardial infarction (AMI) is triggered by fissuring and the subsequent rupture
of the vulnerable plaque, resulting in obstructive coronary stenosis or occlusion. Thus, a
culprit lesion is often characterized at CT evaluation by a ≥70% stenosis with mixed or
mainly noncalcified plaque [59]. A Type 2 AMI is caused by a mismatch of blood supply
and demand. Type 2 AMI is often referred to as myocardial infarction with nonobstructive
coronary arteries (MINOCA). In this context, cardiac-CT allows the evaluation of the
presence of non-obstructive plaques (<50%) with vulnerable characteristics, as well as
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the presence of myocardial damage in the possible distribution area of the suspected
lesion [52] (thanks to the acquisition of LIE-Late Iodine Enhancement). There are still
major limitations related to available instruments, radiation dosage, and low positive
predictive value in prognostic terms, especially in patients with calcifications, obesity and
suboptimal heart rate. Coronary CT can identify coronary stenosis that is not functionally
significant and decrease the number of coronary angiography procedures not followed by
revascularization [60]. Theoretically, cardiac MRI is the ideal method for studying ACS. It
allows not only the evaluation of myocardial perfusion and parietal motility abnormalities
but the distinction between scar tissue and recent infarction. CMR, combining examination
at rest and with stress can be used in acute chest pain that is suspected ACS. In clinical
practice, in the emergency setting it carries very little application in the diagnostic phase [61]
(Figure 5).
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Figure 5. Acute Coronary Syndrome. A patient presenting to the emergency department with
acute chest pain. No significant cardiac enzyme elevation and ECG alteration. Cardiac CTA shows
absence of significant stenoses in the right coronary artery (a) and the left circumflex (b); a significant
stenosis in the proximal anterior descending artery (c) is present, confirmed by subsequent coronary
angiogram (d).



Tomography 2022, 8 1394

According to recent literature the integration of derived fractional flow reserve in
CT (FFR-CT) studies using computational fluid dynamics gives the chance to enhance CT
diagnostic accuracy. Moreover, in the emergency setting the use of FFR-CT allows a safer
patient management thanks to the opportunity to detect, in the case of negative study,
cardiac revascularization in chest pain patients. At the same time, it allows a significant
reduction in medical cost [62].

Alternatively, it is now possible to combine a coronary CT angiography with myocar-
dial CT perfusion to define the hemodynamic significance of a coronary stenosis. Combined
stress CT perfusion and CTA are strictly correlated to a shortened period of hospitalization
and lower costs [63].

7. Pulmonary Embolism and Cardiac Involvement

Pulmonary Embolism (PE) is defined as the embolic occlusion of the pulmonary
arterial system. In 95% of cases, it is caused by detached clots from deep vein thrombosis
(DVT) of the lower extremities.

The persistence or the recurrence of pulmonary embolic events is defined as Chronic
Pulmonary Thromboembolism (CTEP) which can lead to delayed pulmonary hypertension
(PH), a potentially fatal event [64–66].

The overall mortality of acute PE is 10–30%, making it the third most common
cause of cardiovascular death and accounting for 300,000–370,000 deaths in Europe every
year [67,68].

The wide spectrum of symptoms present in acute PE poses a diagnostic problem.
It ranges from asymptomatic emboli with nonspecific clinical symptoms to massive life-
threatening embolisms usually associated with right heart failure.

The most common symptoms comprise chest pain, dyspnea, cough, hemoptysis and
syncope but massive PTE can also lead to acute shock-inducing tachycardia, hypotension,
tachy-/orthopnea, hypoxemia, hypocapnia, acute Right Ventricular Dysfunction (RVD)
and even sudden death [68,69].

RVD indicates a potential emergency because it represents a rapidly progressive
congestion syndrome resulting from impaired filling and/or reduced flow out of the right
ventricle. It is triggered by acute pressure overload and is associated with a poor prognosis
and a high risk of early mortality within 30 days [70].

D-dimer is the most sensitive but non-specific diagnostic test for acute PE. Specificity
improvements can be made using a cut-off value of 1000 ng/mL in patients with a low
pre-test clinical probability score and of 500 ng/mL in patients with a moderate clinical
probability score. Lower values safely exclude pulmonary embolism and unnecessary
further diagnostic investigations [71]. The role of CT pulmonary angiography (CTPA) in
the diagnosis of acute PTE is widely validated in the literature [72].

To assess the severity of PE, the commonly used CT Obstruction Index (CTOI) de-
scribed by Qanadli et al. [73] calculates the sum of the individual scores per artery, divided
by 40 (the maximum total score) and converted to a percentage. The score is calculated
by assigning a unit value to each pulmonary artery segment with thromboembolism (max
10 for each lung) and multiplying it by a weight factor (1 for partial obstruction or 2 for
total obstruction). As suggested by the authors, two groups of patients are identified,
the high-risk sub-group with a CTOI ≥ 20/40 (50%) and the low-risk sub-group with a
CTOI < 20/40 [73].

The role of the Qanadli index in immediate risk stratification is validated but no
correlation was observed between the obstruction index and prognosis [74–86].

Rotzinger et al. recently reported that patients with acute PE, excluding those with
comorbid cardiopulmonary or pulmonary neoplasms and with a CTOI greater than 40%
had significantly higher mortality than those with a CTOI less than 20% [75].

Complications of acute PTE include right ventricular dysfunction and pulmonary
infarction. Signs of right heart strain on CTPA are an increased RV/LV diameter ratio > 1
measured on the short-axis or four chambers plane, an enlargement of the pulmonary
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trunk > 29 mm, flattening or inverse bowing of the interventricular septum and the reflux
of contrast material into the inferior vena cava and hepatic veins [76–78,87]. Several studies
have validated their role as a predictor of short-term mortality (within 30 days) and adverse
clinical events in patients with acute PE.

Ayöz et al. [78] described higher troponin levels in patients with RV/LV > 1.
Recently, further studies have focused attention on the additional parameters of RVD;

Cozzi et al. showed that acute coronary sinus dilatation (>9 mm) increased the risk of all-
cause death within 30 days [21]. Langroudi et al. [80] investigated the association between
CTOI and atrial size in patients with acute PE, showing that a higher clot load is associated
with a smaller LA size and increased RA/LA ratios [80]. According to Aviram et al. [81], a
decreased volume of LA (<62 mL) is the best predictor of adverse outcome. MRI should be
considered if radiation is a concern, particularly in pregnant or young patients, as well as in
patients with contraindications to iodinated contrast, mainly prior severe allergic reaction
and severe renal insufficiency. It can even be helpful without the use of intravenous contrast
material at the cost of lower sensitivity for segmental and subsegmental emboli [88]. In
the same group of patients, lung scintigraphy, i.e., ventilation (V) and perfusion (Q) scans
can also serve as an alternative to CTPA given the significantly lower radiation dose and
the use of non-iodinated agents. The sensitivity of VQ scanning can be improved using
three-dimensional VQ single-photon emission computed tomography (SPECT) or hybrid
SPECT/CT, achieving diagnostic accuracy that is similar to CTPA [89]. In patients with
relative contraindications to iodinated contrast, e.g., prior to mild allergic reaction or mild
renal insufficiency, CTPA is still the modality of choice after respective preventive measures,
particularly for patients who are intolerant to flat positioning (Figure 6).
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Figure 6. Patient with chest pain and dyspnea for more than 10 days with recent worsening of
symptoms. CT shows the presence of massive bilateral pulmonary thrombo-embolism (red arrows)
in the right and left lower lobe pulmonary artery (a). Secondary overload of the right-side circulation:
enlargement of the right ventricle (c) and secondary tricuspid insufficiency (b).

8. Conclusions

The use of radiology techniques, CT, and MRI in the context of cardiac emergencies
has enormously increased thanks to the massive use of cardio-synchronized CT in the last
few years.

CT in the emergency room allows for an expedited work-up of chest pain patients
thanks to its very high (99%) negative predictive power for obstructive coronary
artery disease.

Appropriate CT utilization can lower healthcare costs and reduce radiation exposure.
Nowadays, the gradual integration of FFR-CT or the use of pharmacological stress

in the emergency settings may significantly improve the diagnostic performance in the
near future.

Modern scanners allow a real time evaluation, in addition to coronary circulation and
assessment of the pulmonary and aortic vascular systems, translating the myth of the “one
stop shop investigation” of the patient with chest pain into a clinical emergency routine.



Tomography 2022, 8 1396

As it is intended for use within 3–5 days of symptom presentation and not in emer-
gency conditions, MRI has recently become an irreplaceable tool in specific conditions once
the presence of significant coronary obstructions has been excluded.

Cardiac MRI has a wide range of applications which allows patient risk stratification
if performed soon after the onset of chest pain. It can identify the myocardial area at risk,
quantify eventual microvascular obstruction and identify intramyocardial hemorrhage.

MRI can also give prognostic information thanks to the novel parametric mapping
for tissue characterization. In some more complex emergency scenarios cardiac MRI
helps to accurately classify those patients with atypical clinical features, such as MINOCA
or Takotsubo cardiomyopathy cases. In doing so, different and adequate treatment can
be determined.

Regarding CT, recent technological advances have made it possible to significantly
reduce the exposure dose problem and the speed of execution. A technological implemen-
tation is desirable regarding the MRI side, especially for the improvement of acquisition
times which are decisive in the emergency setting

Radiology has gained a central role in the diagnostic work-up of the patient with
acute chest pain. Due to its potential, it has reached the chance to evaluate not only the
vascular and coronary arteries but also to identify myocardial diseases associated with
an emergency pain condition. It is therefore indispensable for the modern radiologist to
acquire familiarity with diagnostic findings and the expression of acute cardiac damage, in
order to potentially identify them in daily practice.
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