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Abstract

Acute chest pain is a common and challenging reason for emergency department visits and requires prompt and systematic
evaluation to address potential life-threatening conditions, minimize risks and manage emergency department overcrowding.
This updated consensus statement outlines the appropriate management of patients presenting to the emergency department
with acute chest pain, emphasizing the timing and utility of non-invasive advanced imaging (particularly coronary computed
tomography angiography) aiming to improve rapid and accurate diagnosis of both cardiac or non-cardiac causes improving
patient safety, outcomes, and resource utilization efficiency. The writing committee was composed of members and experts
from both the Italian Society of Cardiology (SIC) and the Italian Society of Medical and Interventional Radiology (SIRM)
who worked jointly to create a cohesive approach in the field of acute chest pain. This structured approach may streamline
diagnostic workflows in the emergency setting and support earlier, more appropriate patient management.

Keywords Acute chest pain - Acute coronary syndrome - Coronary Computed Tomography Angiography (CCTA) -
Cardiac Magnetic Resonance (CMR) - Emergency department - Consensus statement

Abbreviations ED Emergency department

AAS Acute aortic syndrome hs-cTnl High-sensitivity cardiac troponin I

ACP Acute chest pain hs-cTnT ~ High-sensitivity cardiac troponin T

ACS Acute coronary syndrome ICA Invasive coronary angiography

AD Aortic dissection LCE Late contrast enhancement

AMI Acute myocardial infarction LIE Late iodine enhancement

CAD Coronary artery disease MINOCA Acute myocardial infarction with non-

CCTA Coronary computed tomography angiography obstructive coronary arteries

CMR Cardiac magnetic resonance NSTEMI  Non-ST-elevation myocardial infarction

CXR Chest radiograph PE Pulmonary embolism

CTPA Computed tomography pulmonary PET Positron emission tomography
angiography SPECT Single photon emission computed

ECG Electrocardiogram tomography

ECV Extracellular volume STEMI ST-elevation myocardial infarction

TTE Transthoracic echocardiography
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TRO Triple rule out
UA Unstable angina
Introduction

Acute chest pain (ACP) is one of the most frequent causes
of emergency department (ED) admissions and represents a
clinically challenging condition. ACP can be the symptom
of life-threatening pathophysiological processes requiring
immediate intervention, as well as the expression of a minor
clinical conditions, sometimes exacerbated by psychologi-
cal factors such as stress or anxiety. Therefore, patients pre-
senting with ACP should never be underestimated and must
receive immediate attention. At the same time, a rational
approach is essential to avoid unnecessary risks and prevent
ED overcrowding, as widely documented, taking advan-
tage of new technologies and modern clinical-diagnostic
approaches to achieve maximum efficiency [1]. The need
for a unified clinical-diagnostic pathway among specialists
involved in managing this urgent condition has led to the
creation of this document. Developed collaboratively by the
Italian Society of Cardiology (SIC) and the Italian Society
of Medical and Interventional Radiology (SIRM), this docu-
ment focuses on defining diagnostic pathways, with particu-
lar emphasis on non-invasive imaging techniques.

The sections regarding the clinical evaluation of a patient
with ACP and the first- and second-line diagnostic exams are
available as supplementary data.

Definition, epidemiology, and etiologies
of ACP

ACP is defined as non-traumatic chest pain of new onset or
acutely changed in its pattern of onset, intensity, or dura-
tion. The term “ACP” refers to a broad range of thoracic
symptoms, including true precordial pain or sensations
such as pressure, tightness, heaviness, crushing, or burn-
ing. These sensations may also occur outside the chest and
radiate to other areas of the body, such as the shoulder, arm,
neck, upper abdomen, or jaw. ACP represents approximately
8-10% of annual ED admissions among patients aged over
18 years old, with roughly 5% of these caused by acute coro-
nary syndrome (ACS) [2]. Therefore, in most cases, ACP
originates from non-cardiac causes, while about 15% of
cases remain undiagnosed [3]. It has been estimated that
more than one-fifth of medico-legal expenses are related to
the inappropriate discharge of patients with ACS from EDs.
Thus, an accurate assessment of ACP is essential to stratify
the risk of ACS, a condition that can be life-threatening for
the patient. While clinical presentation, electrocardiographic
findings, and cardiac necrosis markers can sometimes

provide diagnostic confirmation of acute myocardial infarc-
tion (AMI), they are sometimes insufficient to distinguish
ACS from the many potential cardiac or non-cardiac etiolo-
gies of ACP.

Preliminary assessment of patients with ACP

History, pain characteristics, and clinical
examination

The initial clinical evaluation of a patient with ACP should
focus on the rapid identification and treatment of poten-
tially life-threatening conditions such as ACS, aortic dis-
section (AD), pulmonary embolism (PE) and infarct-like
myocarditis.

Symptoms described as chest pressure, tightness, heavi-
ness, or burning should be considered indicative of ACS
(Fig. 1). In cases of ACS, the pain may also manifest in
other areas of the body, such as the shoulder, arm, neck,
back, upper abdomen, or jaw. Other potentially associated
symptoms include dyspnea, nausea, vomiting, sweating,
fatigue, or altered mental status, which can sometimes be the
main presenting symptom. Conversely, symptoms described
as hyperacute, fleeting, related to inspiration (pleuritic) or
position, or localized to a single point are unlikely related
to myocardial ischemia. Chest pain is traditionally classified
as “typical” or “atypical.” However, according to the 2021
international guidelines from the AHA/ACC/ASE/CHEST/
SAEM/SCCT/SCM [2], it is now preferable to use the terms
“cardiac,” “possibly cardiac,” and “non-cardiac” to describe
the likely cause of chest pain. Chest pain should be consid-
ered stable when symptoms are chronic and associated with
identifiable triggers such as physical exertion or emotional
stress. The clinical assessment should include a detailed
description of chest pain and related symptoms, including
their onset, duration, location, radiation, and alleviating or
exacerbating factors. Additionally, a complete evaluation of
cardiovascular risk factors and the patient’s medical history
should supplement the symptom analysis. Any results from
previous diagnostic tests for coronary artery disease (CAD)
should also be reviewed.

The clinical assessment should aim to identify signs asso-
ciated with a high-risk of morbidity and mortality, such as:

e signs of reduced cardiac output, (e.g., tachycardia, hypo-
tension, cold extremities, low urine output, altered men-
tal status)

e signs of heart failure (e.g., pulmonary edema, elevated
jugular venous pressure, peripheral edema)

e new onset of a new systolic murmur suggestive of acute
mitral regurgitation or a ventricular septal defect
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Fig. 1 Acute Chest Pain Characteristics

Signs suggesting alternative etiologies to ACS include:

e fever (endocarditis or pneumonia)

e differential blood pressure between pulses (aortic dissec-
tion)

e pulmonary abnormalities detected on auscultation or
chest X-ray (pneumonia or pneumothorax)

e pericardial friction rub (pericarditis)

e or other cardiac murmurs (e.g., aortic stenosis, endocar-
ditis).

Electrocardiogram (ECG)

Electrocardiogram (ECG) is a cornerstone of the initial
assessment and management of patients presenting with
ACP. For patients with suspected ACS, an ECG should be
performed and interpreted as soon as possible [2].

The ECG must be promptly analyzed to identify signs
of acute infarction or ischemia. If such signs are present,
further management should proceed according to current
guidelines for ST-elevation myocardial infarction (STEMI)
or non-ST- elevation ACS (NSTE-ACS), which includes
non-ST-elevation myocardial infarction (NSTEMI) and
unstable angina (UA). Patients with non-ischemic ECG pat-
terns should undergo a clinical decision pathway based on
additional evaluations.

@ Springer

ECGs can be classified into three categories (Fig. 2):

(1) STEMI or STEMI-equivalent

(2) Ischemic ST-segment or T-wave abnormalities

(3) Non-ischemic patterns, which include normal ECGs,
non-specific findings, left ventricular hypertrophy (with
or without ST-T segment changes), left or right bundle
branch block, or ventricular paced rhythm that do not
meet the Sgarbossa criteria [4] or modified Sgarbossa
criteria [5] for AMI.

In the setting of UA/NSTEMI: (1) UA diagnosis is
based on the presence of new, worsening, resting chest
pain or occurring with minimal exertion without any
elevation in biomarkers indicating myocardial injury or
necrosis. (2) The presence of ECG abnormalities increases
the diagnostic probability; however, ECG changes may be
completely absent in more than one-third of patients with
NSTEMILI. (3) The prognostic value of T-wave inversions
is lower compared to ST-segment depression. ST-segment
depression also serves as a quantitative prognostic marker
of risk (number of leads used and severity of ST-segment
depression).

In patients with STEMI, the sum of ST-segment eleva-
tions across all leads (XSTE) is a clinical marker of ischemic
myocardium and myocardium-at-risk.
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A Definition and Classification of Acute Coronary Syndromes
Unstable Angina / NSTEMI STEMI
Normal ST Depression ST-segment elevation

(May be electrically silent)

T Wave Inversion

Unstable Angina

NSTEMI

STEMI

Elevated

hs-cTn
Non-elevated
hs-cTn
cTnT cTnl
subendocardial infarction transmural infarction
B ECG Criteria for Acute Myocardial Infarction in LBBB

Fig.2 Classification and ECG Criteria in Patients with Acute Coro-
nary Syndrome. Panel A. This panel illustrates the classification of
acute coronary syndromes (ACS) based on ECG changes, cardiac
biomarkers, and the extent of myocardial injury. Patients with unsta-
ble angina or NSTEMI may present with ST-segment depression or
T-wave inversion on ECG, though the ECG may appear normal or
with nonspecific ST-T changes. In NSTEMI, elevated high-sensitiv-
ity cardiac troponins (hs-cTnT or hs-cTnl) indicate subendocardial
infarction, typically caused by partial coronary occlusion. STEMI
is characterized by ST-segment elevation and transmural infarction
due to complete coronary occlusion. Elevated hs-cTn refers to val-
ues above the 99th percentile of the upper reference limit. Panel B.
ECG examples illustrating the original and Smith-modified Sgarbossa

*or 225%
of S-wave depth

l V1-V2-V3

criteria for AMI in left bundle branch block (LBBB) or ventricu-
lar-paced rhythms. The left illustration shows concordant ST eleva-
tion>1 mm in leads with a positive QRS complex; the middle illus-
tration shows excessively discordant ST elevation>5 mm (original
criterion) or >25% of the depth of the preceding S-wave (Smith-mod-
ified criterion) in leads with a predominantly negative QRS complex;
and the right illustration shows concordant ST depression>1 mm in
leads V1-V3. Abbreviations AMI, acute myocardial infarction; ACS,
acute coronary syndrome; ECG, electrocardiogram; hs-cTn, high-sen-
sitivity cardiac troponin; LBBB, left bundle branch block; NSTEMI,
non-ST-segment elevation myocardial infarction; STEMI, ST- seg-
ment elevation myocardial infarction
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Troponins

High-sensitivity cardiac troponin T (hs-cTnT) and high-sensi-
tivity cardiac troponin I (hs-cTnl) are the preferred serum bio-
markers for evaluating patients with suspected ACS. Troponin
concentrations should be reported as whole numbers in nano-
grams per liter (ng/L). Sex-specific 99th percentile cut-offs are
recommended to increase diagnostic sensitivity in women and
specificity in men. Serial measurement using Oh/1h or Oh/2h
algorithms are recommended for timely rule-in and rule-out [6].

1st level imaging: chest X-ray and echocardiography

Both chest X-ray and echocardiography are low cost and
widely available first level imaging modalities that provides
very useful information in patients with ACP able to help
the differential diagnosis, to detect signs with prognostic
value and to guide the patient’s management. A description
about the role of chest X-ray and echocardiography in the
setting of ACP is reported in the supplementary materials
(supplementary 3.4.1 and 3.4.2, respectively).

Risk stratification using clinical
and laboratory data-based algorithms

The pre-test probability assessment, combined with the
calculation of risk scores, are critical elements in evaluat-
ing ACP patients. For instance, in the setting of suspected
angina, the ESC guidelines recommend an assessment of
pre-test probability of CAD, based on age, sex, and pain
characteristics [7]. The kind of pain and any associated ges-
turing (Levine sign) can guide clinicians in formulating a
diagnostic hypothesis. However, these are just probability
estimates based on very simple criteria; therefore, even a
high pre-test probability of CAD does not necessarily mean
that CAD is the cause of the patient’s symptoms and ED
access, and vice-versa in the case of low pre-test probabil-
ity. The chest pain score aims to facilitate the differentia-
tion between ischemic and non-ischemic chest pain [8]. A
description of most used scores is reported in the supple-
mentary materials (supplementary 4.1) and supplementary
Table 1 (Table S1).

2nd level imaging: coronary CT
angiography, cardiac magnetic resonance,
stress imaging

Technological and methodological advances have made

coronary CT angiography (CCTA) the clinical reference
standard for ruling-out obstructive CAD. Hence, CCTA
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is considered a safe and effective diagnostic tool highly
recommended in patients with low-to-intermediate risk
ACP and normal troponins/ECG, allowing to reduce
hospital stay and costs. Moreover, CCTA, eventually
integrated with emerging advanced scanning techniques
like late contrast enhancement CT and stress-CT perfu-
sion, plays a growing role in managing “troponinosis,”
preventing unnecessary catheterizations and improving
differential diagnosis. This CCTA complementary role
is particularly important in the current high-sensitivity
troponins (hs-cTn) era, because the wide adoption of hs-
c¢Tn has improved sensitivity in the diagnosis of ACS, but
also increases false positives, making CCTA a valuable
complementary tool to reduce unnecessary catheteriza-
tion. Emerging CCTA techniques like FFR-CT and CT-
perfusion show promise but require further clinical vali-
dation. Cardiac magnetic resonance (CMR) represents
the reference imaging technique for myocardial tissue
characterization, useful for distinguishing ischemic from
non-ischemic damage. Its limited availability makes it an
imaging modality poorly used in the emergency setting,
but it plays a fundamental role for a temporally deferred
evaluation aimed to reveal the nature and the extension of
myocardial injury in selected patients. Advanced CMR
techniques (mapping) help in providing more precise diag-
nosis. Stress Imaging could be indicated for intermediate-
risk patients without ECG changes and normal troponin
levels. It includes stress-echocardiography, SPECT, PET,
and stress CMR. While CCTA has largely replaced these
tests, functional imaging remains valuable in specific cases
with technical limitations or contrast agent allergies. A
more extensive discussion of second-level techniques in
the context of ACP can be found in the supplementary
materials (supplementary 5.1, 5.2 and 5.3).

Clinical-diagnostic pathways for patients
with ACP

Risk classification in ACS

Based on the initial ECG and markers of myocardial
necrosis, patients with suspected ACS are categorized as
follows:

e Patients with ACP (or equivalent symptoms) and per-
sistent ST-segment elevation (or equivalent ST-segment
elevation patterns) on ECG: STEMI.

e Patients with ACP (or equivalent symptoms) but without
persistent ST-segment elevation (or equivalent ST- seg-
ment elevation patterns) on ECG, with elevated and/or
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decreased cTn levels, with at least one value above the
99th percentile of the upper reference limit: NSTEMI.

e Patients with ACP in the absence of signs of acute car-
diomyocyte damage/necrosis, accompanied by specific
clinical symptoms: prolonged angina (>20 min) at rest;
new-onset severe angina; increasing frequency or dura-
tion of angina, or angina occurring with minimal exer-
tion; or angina occurring after a recent AMI: unstable
angina.

STEMI and high/very high-risk NSTEMI

Within the setting of ACP, prompt and accurate identifica-
tion of high-risk patients is crucial, as missed diagnoses and
inappropriate discharges have been linked to a high mor-
tality rate (2-4%). It is essential to promptly identify ACS
patients and establish different pathways for NSTEMI and
STEMI. An initial evaluation should consider the patient’s
risk factors, as suggested by the latest ESC guidelines [7].
The likelihood that ACP has cardiac origin increases in the
presence of multiple risk factors, such as a family history
of premature cardiovascular atherosclerotic disease, famil-
ial hypercholesterolemia, smoking, hypertension, diabetes
mellitus, dyslipidemia, obesity, and kidney failure. Based
on these cardiovascular risk factors, patients can already be
classified into high and low-risk categories. The risk assess-
ment and initial ECG findings will guide the rapid referral of
STEMI patients or high/very high-risk NSTEMI patients for
revascularization (Table 1). As suggested by international
guidelines [7], it is essential to minimize delays and ensure
the ideal time intervals for diagnosis and revascularization.
The AHA/ACC consensus document outlines all recom-
mendations for managing patients with ACP and suspected
ACS [2]. For STEMI patients, revascularization should be

Table 1 Criteria for High-Risk and Very High-Risk NSTEMI

Very-High-Risk NSTEMI

Hemodynamic instability or cardiogenic shock
Recurrent/ongoing chest pain refractory to medical therapy
Cardiac arrest after presentation or life-threatening arrhythmias
Mechanical complications

Acute heart failure due to ongoing ischemia

Recurrent dynamic ECG changes suggestive of ischemia, especially
intermittent ST-segment elevation

High-Risk NSTEM1

NSTEMI confirmed by recommended hs-cTn algorithms
Dynamic ST-segment and T-wave changes

Transient ST-segment elevation

GRACE risk score > 140

ECG electrocardiogram; NSTEMI Non-ST-elevation myocardial
infarction; hs-cTn high-sensitivity cardiac troponin; GRACE Global
Registry of Acute Coronary Events

performed as soon as possible [7]. Specifically, immediate
primary percutaneous coronary intervention is highly rec-
ommended for patients with symptom onset within 12 hours
and should be performed within 60 minutes in centers with
24/7 interventional cardiology service and within 90 min-
utes for patients admitted to spoke centers or transported by
ambulance. For NSTEMI patients with any high-risk fea-
tures, an early invasive strategy (within 24 hours) should be
considered, including invasive coronary angiography (ICA)
with possible angioplasty within 24 hours of diagnosis [7].

For NSTEMI patients requiring the exclusion of obstruc-
tive CAD, CT may play a role only if the local organizational
model allows CCTA to be available before ICA, without
causing delays in the angiography itself. In an organizational
model with prompt availability of CCTA, CCTA can be per-
formed before ICA to reduce the number of unnecessary
catheterizations.

The setting of presumptive diagnosis of Acute Aortic
Syndrome (AAS) and Pulmonary Embolism (PE) is reported
in the supplementary materials (supplementary 6.2.1).

Non-high risk and uncertain diagnosis

The term “non-high risk” refers to patients who do not
show clear signs of AMI or hemodynamic instability and
who have a low-to-intermediate probability of ACS [7,
9]. This category includes patients with ACP of possible
cardiac origin but without a definitive clinical, electrocar-
diographic, or laboratory diagnosis of ACS [10, 11]. These
patients are often diagnosed with conditions like acute myo-
carditis, Takotsubo syndrome, or, less commonly, an acute
presentation of an unrecognized non-ischemic cardiomyo-
pathy. However, a variable percentage of these patients may
have ACS without the characteristics of high-risk STEMI
or NSTEML. In such cases, a preliminary evaluation using
CCTA can be a valid alternative to immediate ICA [9].
Comprehensive clinical assessment, including evaluation of
diabetes status and duration, is essential, as long-standing
diabetes (over 10 years) is associated with a high likelihood
of significant coronary calcifications, which could reduce
the accuracy of CCTA [12].

This information, combined with local factors such as
the type of CT scanner available and the expertise of car-
diovascular radiologists in interpreting CCTAs, can influ-
ence the decision to use CT in the diagnostic workup of a
patient with more than 10 years of history of diabetes and
ACP. In patients with ACP and low-to-intermediate risk but
with unknown CAD, CCTA plays a critical role in ruling out
obstructive CAD (stenosis >50%) and in characterizing the
atherosclerotic coronary substrate [9]. A diagnostic strategy
involving CCTA within 24 hours (preferably within 8 hours
to optimize ED workflow and patient experience) provides
non-invasive access to coronary anatomical assessment,
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Fig.3 Clinical Cases of Acute Chest Pain. Panel A: Imaging findings
of acute infarct-like myocarditis in a 20-year-old male. The first three
images (top row) are curved multiplanar reconstructions (cMPRs)
of the left anterior descending, circumflex, and right coronary arter-
ies from coronary computed tomography angiography (CCTA), all
showing no obstructive coronary disease. The fourth image on the
top row is a short-axis late iodine enhancement (LIE) reconstruc-
tion highlighting subepicardial enhancement in the inferolateral wall,
suggestive of myocardial injury. The bottom row depicts the corre-
sponding cardiovascular magnetic resonance (CMR) findings: short-
axis T2 short-tau inversion-recovery (T2-STIR) image demonstrating
regional myocardial edema; color-coded quantitative T2 map show-
ing increased T2 values; color-coded native T1 map showing elevated
native T1; and late gadolinium enhancement (LGE) image confirm-
ing subepicardial necrosis in the same distribution. Panel B: Imag-
ing findings of myocardial infarction with non-obstructive coronary
arteries (MINOCA) in a 36-year-old male. The top row presents two
cardiac phases (diastolic and systolic) of short-axis cine steady-state
free precession (cine-SSFP) illustrating akinesia of the basal-infero-
lateral wall, followed by a quantitative T2 map. The T2 map shows
a central hypo-intense core consistent with intramyocardial hemor-
rhage, surrounded by a rim of increased T2 values indicating myo-
cardial edema. The bottom row depicts short-axis T2 short-tau
inversion-recovery (T2-STIR) image confirming myocardial edema
with a central dark zone (hemorrhage); late gadolinium enhancement
(LGE) image demonstrating a transmural enhancement pattern with
a central hypo-enhanced region of microvascular obstruction; and a
native T1 map showing elevated T1 values within the infarcted myo-
cardium. Panel C: Imaging findings of reverse Takotsubo cardiomyo-

including the detection of coronary anomalies. CCTA is
highly sensitive for both diagnosing obstructive CAD and
detecting non- obstructive CAD, which can guide optimized
clinical management after the acute phase (Fig. 3). The

@ Springer

pathy in a 40-year-old female. The top row shows curved multipla-
nar reconstructions (cMPRs) of the left anterior descending (LAD),
left circumflex (LCx), and right coronary arteries (RCA) from coro-
nary computed tomography angiography (CCTA), all demonstrat-
ing patent, non-obstructive coronaries, followed by a left-ventricular
long-axis T2 short-tau inversion-recovery (T2-STIR) image depicting
diffuse myocardial edema that predominates in the basal segments.
The bottom row includes diastolic and systolic three-dimensional
blood-pool volume-rendered models illustrating basal akinesia with
compensatory apical hyperkinesia; a long-axis late iodine enhance-
ment (LIE)/late gadolinium enhancement (LGE) image showing
no evidence of myocardial necrosis. Panel D: Imaging findings of
non-ST-elevation myocardial infarction (NSTEMI) in a 44-year-old
male (peak high-sensitivity troponin T: 287 ng/L). The top row
depicts curved multiplanar reconstructions (cMPRs) of the left ante-
rior descending (LAD), left circumflex (LCx), and right coronary
arteries (RCA) from coronary computed tomography angiography
(CCTA). A mixed-attenuation plaque with ulceration causing severe
stenosis is evident in the proximal LAD, whereas the LCx and RCA
are free of significant disease. The bottom row shows two short-axis
(basal and mid-ventricular) and one long-axis late iodine enhance-
ment (LIE) images. All demonstrate absence of LIE, indicating no
established myocardial necrosis despite the culprit LAD lesion.
Abbreviations cMPRs, Curved multiplanar reconstructions; CCTA,
Coronary Computed Tomography Angiography; LIE, Late Iodine
Enhancement; STIR, Short-TI Inversion Recovery; LGE, Late gado-
linium enhancement; MINOCA, Myocardial Infarction with Non-
Obstructive Coronary Arteries; SSFP, Steady-state free precession;
NSTEMI: Non-ST- elevation myocardial infarction

CCTA use in the ED also allows the exclusion of alterna-
tive diagnoses (such as AD or PE), which can sometimes be
unexpected. Additionally, when integrated with a multipara-
metric approach, including a LCE/LIE scan, CCTA allows
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not only a rapid rule-out of significant CAD or identification
of patients who need revascularization but also a prompt dif-
ferential diagnosis such as myocarditis, MINOCA, or acute
cardiomyopathies, all within a “one-stop-shop” approach
[13] (Fig. 3). However, the interpretation of LCE/LIE still
requires considerable expertise [14], awaiting the broader
availability of CT scanners with spectral cardiac imaging
capabilities, which could significantly improve LCE/LIE
quality and contrast-to-noise ratios. In patients with non-
obstructive CAD or normal coronary arteries, the use of
CCTA is likely to facilitate early discharge and prevent
unnecessary ICA. A more extensive discussion can be found
in the supplementary materials (supplementary 5.1).

Low risk of CAD and presumptive diagnosis
of peri-myocarditis or myo-pericarditis

Patients presenting with low-risk ACP (negative ECG for
ischemic changes, negative cTn levels, and resolved chest
pain) but with known or suspected CAD based on clinical
evaluation or pre-test probability scores may be discharged
with a recommendation for short-term functional or ana-
tomical imaging tests [5, 9]. Both strategies demonstrate
high negative predictive value for the diagnosis of ischemia
(functional imaging tests: stress echocardiography [15],
SPECT [16], stress CMR [17] and obstructive CCTA [18]).
However, in patients without previous anatomical coronary
studies (invasive or non-invasive), CCTA is preferable to
functional imaging strategies because it can also identify
non- obstructive CAD. This enables better prognostic strati-
fication and optimization of therapeutic approaches, posi-
tively impacting on long term outcomes [19].

Patients with ACP and no ECG signs suggestive of
ischemic changes represent a significant subset of patients
with troponin dispersion [20]. In these cases, troponin eleva-
tion may be due to various cardiac or non-cardiac causes.
Based on the enzyme curve, these patients can be classi-
fied as having acute or chronic myocardial injury [21]. For
patients with acute myocardial injury, even in the absence
of ECG ischemic criteria, it is recommended to rule out
obstructive CAD, preferably using CCTA [22, 23]. If the
test is negative, CMR is recommended either during hospi-
talization or with short- term priority to identify myocardial
causes of acute troponin dispersion, such as stress cardio-
myopathy [24], MINOCA [25], or acute myocarditis [26]
(Fig. 3). CMR should be performed as soon as possible, as
its diagnostic sensitivity decreases over time, in the days or
weeks after the acute event [27].

As previously mentioned, recent studies have proposed
CCTA with LCE/LIE as a valid alternative to CMR, capa-
ble of providing all necessary information in a single exam

[28], thereby improving organizational efficiency and patient
safety.

For patients with chronic myocardial injury, CAD evalu-
ation can follow the timing used for low-risk patients. In
cases with suspected dilated, inflammatory, infiltrative, or
hypertrophic cardiomyopathy (based on clinical, echocar-
diographic, or laboratory findings), CMR may be indicated
to confirm the diagnosis [9]. A more extensive discussion
can be found in the supplementary materials (supplementary
5.1 and 5.2).

Very low risk of CAD and presumptive diagnosis
of non-cardiac chest pain

In patients where clinical evaluation indicates a very low
risk of cardiovascular chest pain, non-cardiac causes must
be considered. These may range from benign self-limiting
conditions to severe syndromes requiring prompt recognition
and timely treatment. Clinical evaluation, integrated with
laboratory tests, plays a key role in guiding differential diag-
noses. Imaging orders should be tailored to the individual
patient, guided by clinical presentation (especially symp-
toms), vital signs, and laboratory tests. PE can present with
few or mild symptoms. When suspected, elevated D- dimer
levels warrant CTPA. AAS may manifest as persistent, non-
specific chest pain unrelieved for hours, requiring echocardi-
ographic and/or CT evaluation. A more extensive discussion
can be found in the supplementary materials (supplementary
5.1). “Non-cardiovascular chest pain” often originates from
other thoracic structures, such as the pleura, lungs, esopha-
gus, or chest wall (skin, muscles, or skeleton). Additionally,
pain may be “referred” from abdominal organs like the stom-
ach, gallbladder, or pancreas. Proper symptom interpretation
based on pain characteristics (acute, constrictive, burning,
or dull), location (anterior, posterior, shoulder, radiating to
arms or neck), or evolution (relieved by rest, associated with
nausea, sweating, fever, etc.) and a thorough physical exami-
nation to identify associated signs of a pathological process
are essential for guiding diagnostic workup and necessary
tests. Low-impact imaging tools such as chest X-ray, TTE, or
abdominal ultrasound may be valuable depending on the pri-
mary clinical suspicion. Specific considerations for potential
non-cardiac causes of chest pain (Fig. 4) include:

e Lungs: Conditions such as PE (potentially life-threaten-
ing), pneumonia, pleuritis, or pneumothorax.

e Esophagus: Commonly inflammatory causes. Gas-
troesophageal reflux disease can mimic angina, while
esophagitis may result from drug therapy and should
always be investigated. Esophageal motility disorders
may also cause pain.

e Chest Wall: Non-traumatic causes include muscle
and cartilage inflammation (costochondritis), rheu-
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Fig.4 Diagnostic Algorithm
for Non-Cardiac Chest Pain.
Abbreviations CAD, coronary

Diagnostic A

Igorithm for Non-Cardiac Chest Pain
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gastroesophageal reflux disease; <
IMH, intramural hematoma; )
PAU, penetrating atheroscle- ‘
rotic ulcer; X-Ray, radiography;
Echo, Ultrasound as appropri-
ate (e.g., cardiac, abdominal,
vascular, musculoskeletal).

*: includes the measurement

of cardiac biomarkers and
D-dimer, complete blood count,
and inflammatory markers

OF CAD

\

Musculoskeletal / Cutaneous

\
CLINICAL AND LABORATORY | o
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ASSESSMENT* \ @

Psychosomatic

matic diseases, systemic inflammatory conditions, or
rarer causes like fibromyalgia or infectious conditions
like herpes zoster. Pain may also indicate primary or
secondary osseous or muscular neoplasms, typically
localized. Radiographic or ultrasound imaging helps
pinpoint the lesion and guide further diagnostic steps.

e Psychosomatic Pain: Panic attacks can mimic cardiac
chest pain.

e Referred Pain from Abdominal Causes: Gastrointes-
tinal conditions such as peptic ulcers, biliary colic, or
pancreatitis may present as chest pain.

Organizational and logistical aspects

Collaboration among different specialists, primarily car-
diologists and radiologists, is essential to optimise the
diagnostic and therapeutic pathway of patients with ACP
in the ED. Key challenges include:

e Shared diagnostic pathways (Fig. 5) to be implemented
in the clinical practice.

e Availability of advanced imaging. Advanced radiologi-
cal imaging, in particular CCTA, plays a key role in the
management of a sub-population of subjects present-

@ Springer
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Exclude Other Causes /" * Panic Attack

ing to ED with ACP. However, the clinical context of
subjects with ACP requiring management including CT
evaluation, determines the need for CT technology and
expertise to address immediately, 24 h a day, the possible
suspicion of acute aortic syndrome, which in any case
requires the acquisition of CT with cardiosynchronisa-
tion for the correct evaluation of the aortic root, and the
need for cardioradiological expertise capable of handling
all phases of preparation, acquisition and reporting of a
cardiac CT examination within 24 h of the arrival of the
subject with ACP in the ED.Hence, a state of the art CT
scanner with cardiac synchronization capabilities should
be always available for patients from ED, as well as a
general radiologist able to diagnostically assess patients
with suspected AAS. The cardiac CT for ACP can be
deferred up to 24-h, hence different delivery strategies
can be implemented according to local organisational
context: (a) all radiologists providing emergency-service
trained to perform advanced cardiac imaging, which is
certainly the more complex and difficult to implement
in many contexts; (b) deferred execution, within 24 h,
of cardiac CT by the cardiovascular CT imaging service
in contexts where there is a group of radiologists dedi-
cated to cardiac imaging, associated to the activation of
a weekend on-call service; (c) activation of teleradiol-
ogy support services for emergency rooms in smaller and
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Acute Chest Pain Diagnostic Flow Chart
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Fig.5 Acute Chest Pain Diagnostic Flow Chart. Blood tests include
but are not limited to complete blood count, renal profile, high-sensi-
tivity cardiac troponins (hs-cTn), C-reactive protein (CRP), D-dimer,
and NT-pro BNP. Risk stratification for patients with NSTE-ACS is
based on the elements described in the 2023 ESC Guidelines [7].
Abbreviations AAS, acute aortic syndrome; ACP, acute chest pain;
CAD, coronary artery disease; CCTA, coronary computed tomogra-
phy angiography; CMR, cardiac magnetic resonance; ECG, electro-

peripheral settings, through the creation of cardiac imag-
ing networks on a territorial, regional or national basis.

e All the strategies cited above are supported by the
adequate training in cardiovascular imaging that radi-
ologists receive during residency and by the continu-
ous training initiatives available, like those by SIRM’s
Cardioradiology section [29].

e Outpatient Pathways for advanced cardiac imaging. In
some cases deferred follow-up with advanced cardiac
imaging could be indicated after ED dismission, hence
specific pathways allowing these patients to access the
necessary diagnostic method in the days or weeks fol-
lowing their access to the ED, should be impemented.

Organizational and logistical aspects are further
addressed in the supplementary materials.

A more extensive discussion of organizational and logis-
tical aspects can be found in the supplementary materials
(supplementary 7.1). The central illustration (Fig. 5) pre-
sents a suggested approach based on currently available
evidence and the insights of experts involved in drafting the
document.

hs-cTn -

hs-cTn+ e CMR whitin 7-10 days

Complete CCTA with LIE scan
(if technology and expertise
are available)

cardiogram; ED, emergency department; GRACE, Global Registry
of Acute Coronary Events; hs-cTn, high-sensitivity cardiac troponin;
LIE, late iodine enhancement; NSTE-ACS, non-ST-elevation acute
coronary syndrome; PCI, percutaneous coronary intervention; PE,
pulmonary embolism; X-Ray, radiography; STEMI, ST-elevation
myocardial infarction; TTE, transthoracic echocardiography; UA,
unstable angina; US, Ultrasound

Conclusions

This SIRM-SIC document outlines the appropriate manage-
ment of patients presenting to the ED with ACP, emphasiz-
ing the timing and utility of non-invasive imaging for rapid
and accurate diagnosis of cardiac or non-cardiac causes.
The document aims to improve diagnostic pathways across
Italian hospitals and foster cardiologist-radiologist collabo-
ration, improving patient safety, outcomes, and resource
utilization efficiency.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11547-025-02076-x.
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