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Abstract

Stable chest pain is a common symptom with multiple potential causes. Non-invasive imaging has an important role in
diagnosis and guiding management through the assessment of coronary stenoses, atherosclerotic plaque, myocardial
ischaemia or infarction, and cardiac function. Computed tomography (CT) provides the anatomical evaluation of coronary
artery disease (CAD) with the assessment of stenosis, plaque type and plaque burden, with additional functional information
available from CT fractional flow reserve (FFR) or CT myocardial perfusion imaging. Stress magnetic resonance imaging,
nuclear stress myocardial perfusion imaging, and stress echocardiography can assess myocardial ischaemia and other cardiac
functional parameters. Coronary CT angiography can be used as a first-line test for many patients with stable chest pain,
particularly those with low to intermediate pre-test probability. Functional testing may be considered for patients with known
CAD, where the clinical significance is uncertain based on anatomical testing, or in patients with high pre-test probability. This
practice recommendations document can be used to guide the selection of non-invasive imaging for patients with stable
chest pain and provides brief recommendations on how to perform and report these diagnostic tests.

Key Points

* The selection of non-invasive imaging tests for patients with stable chest pain should be based on symptoms, pre-test
probability, and previous history.

* Coronary CT angiography can be used as a first-line test for many patients with stable chest pain, particularly those with low
to intermediate pre-test probability.

* Functional testing can be considered for patients with known CAD, where the clinical significance of CAD is uncertain based
on anatomical testing, or in patients with high pre-test probability.

Key recommendations

* Non-invasive imaging is an important part of the assessment of patients with stable chest pain. The selection of non-
invasive imaging test should be based on symptoms, pre-test probability, and previous history. (Level of evidence:
High).

* Coronary CT angiography can be used as a first line test for many patients with stable chest pain, particularly those with
low to intermediate pre-test probability. CT provides information on stenoses, plaque type, plaque volume, and if
required functional information with CT fractional flow reserve or CT perfusion. (Level of evidence: High).

* Functional testing can be considered for patients with known CAD, where the clinical significance of CAD is uncertain based
on anatomical testing, or in patients with high pre-test probability. Stress MRI, SPECT, PET, and echocardiography can provide
information on myocardial ischemia, along with cardiac functional and other information. (Level of evidence: Medium).
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Introduction

Stable chest pain is a common presenting symptom with
multiple potential causes, including coronary artery disease
(CAD) and diseases of other structures such as the lungs,
mediastinum, and gastrointestinal tract. Stable chest pain
refers to a relatively consistent and non-emergent pattern of
chest discomfort or pressure, that may be associated with
other symptoms and may occur predictably during exertion
and subsides with rest. CAD remains one of the most
common diseases worldwide and is associated with high
morbidity and mortality.

The assessment of patents with stable chest pain sus-
pected to be of coronary origin frequently involves non-
invasive imaging. Coronary computed tomography angio-
graphy (CCTA) provides information on coronary stenosis,
plaque type and plaque burden, and can be used as a first-
line test for many patients with stable chest pain. Func-
tional tests, such as stress magnetic resonance imaging
(MRI), single photon emission computed tomography
(SPECT), positron emission tomography (PET), and
echocardiography can provide additional information on
myocardial ischaemia and other cardiac functional para-
meters and can be useful in patients with known CAD or if
the diagnosis is uncertain based on anatomical testing.

This practice recommendations document can be used
to guide the selection of non-invasive imaging for patients
with stable chest pain and provides brief recommenda-
tions on how to perform and report these diagnostic tests.
The level of evidence for statements is indicated by ** for
multi-centre studies and * for single-centre studies.

Assessment of patients with stable chest pain

The clinical assessment of patients with stable chest pain
includes history, examination, and assessment of the pre-
test probability of obstructive coronary artery disease.
Resting electrocardiogram, blood tests, and chest x-ray
may also be performed depending on the suspected
diagnosis. Various methods are available to assess the pre-
test probability of obstructive coronary artery disease,
which have been optimised for different patient groups
around the world (Fig. 1). They are usually based on age,
sex, and symptoms, with additional factors that may be
considered including the presence of cardiovascular risk
factors, electrocardiogram abnormalities, or CT coronary
artery calcium score. Together this information is used to
identify which patients would benefit from further
assessment with non-invasive imaging. Several guidelines
exist for the assessment of stable chest pain [1-3] that
share common core elements with some variations
(Supplementary Table 1, Fig. 1).

How to choose an imaging test

CCTA can be used as a first line test for many patients
with stable chest pain, particularly those with low to
intermediate (10-60%) pre-test probability (**). Large
randomised controlled trials (RCTs) have assessed the
prognostic implications and ability to improve patient
outcomes based on the assessment of coronary stenoses
on CCTA. The prospective multicenter imaging study for
evaluation of chest pain (PROMISE) RCT of 10,003
patients showed similar outcomes in patients undergoing
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Fig. 1 Non-invasive imaging in patients with stable chest pain
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Table 1 Strengths and weaknesses of different imaging modalities for the assessment of stable chest pain
Strengths Weaknesses

CCTA Non-invasive. Rapid. Stenosis and plaque Exposure to ionising radiation. Requires rate-limiting medication and
assessment. Wide availability. Rapid assessment. nitrates. Requires iodinated contrast.

ICA Stenosis assessment. Plague assessment with OCT or  Exposure to ionising radiation. Invasive. Long procedure. High cost.
IVUS. Revascularisation at the same time. Requires iodinated contrast. Lower rate of detection of non-

obstructive CAD compared to CT.
Stress CMR No exposure to ionising radiation. Function, scar, Limited access. High cost (although this varies between countries).

and perfusion assessment. Tissue characterisation.

Stress SPECT
Stress PET
Stress echocardiography

Widely accessible.
Resolution. Quantification.

Low cost.

No exposure to ionising radiation. Widely accessible.

Metal implant contraindications. Long procedure. Requires
gadolinium contrast.

Exposure to ionising radiation. Lower accuracy than PET and MRI.
Radiation. Limited access. High cost.

Needs good echo windows. Depends on operator's skills.

CCTA coronary CT angiography, ICA invasive coronary angiography, IVUS intravascular ultrasound, OCT optical coherence tomography, PET positron emission

tomography, SPECT single photon emission tomography

initial CCTA compared to functional testing [4]. The
Scottish Computed Tomography of the HEART (SCOT-
HEART) RCT of 4146 patients showed that CCTA
changed management compared to routine evaluation
and led to a reduction in fatal or non-fatal myocardial
infarction after 5 years [5]. The diagnostic imaging stra-
tegies for patients with stable chest pain and intermediate
risk of coronary artery disease (DISCHARGE) RCT of
3561 patients showed that major adverse cardiovascular
events (MACE) were similar with CT compared to inva-
sive coronary angiography (ICA) guided management,
with fewer major procedure-related complications from
CT [6]. Together these studies support the use of CCTA
to guide management in patients with stable chest pain.
Functional testing can be useful for patients with known
CAD or where the clinical significance is uncertain based
on anatomical testing alone or in patients with high pre-test
probability (**). Prior imaging may help guide selection of
appropriate tests. Further considerations which may
influence selection of appropriate imaging tests are the
presence of known CAD, factors that may influence image
quality such as body mass index, and local availability and
expertise. No or deferred testing may be appropriate for
low-risk patients. At present SPECT is the most used
method to assess myocardial perfusion with CT perfusion
the least common [7]. Stress cardiac MRI does not expose
the patient ionising radiation and PET is the reference
standard for quantitative myocardial perfusion imaging [7].

Strengths and weaknesses of available imaging modalities
All diagnostic tests have strengths and weaknesses
(Table 1) and can provide different information on the
presence, characteristics, and severity of CAD.

The two major techniques for direct imaging of coronary
arteries are CCTA and ICA. The main advantages of CCTA

over ICA include its non-invasive nature, lower rate of
procedural complications, broad availability, lower cost,
and standardised robust evaluation [6] (**). In addition,
intravenous iodinated contrast used for CCTA is associated
with lower rates of contrast-associated acute kidney injury
(5.6%) than the intra-arterial iodinated contrast used dur-
ing ICA (13.2%), particularly if femoral access or cine
ventriculography is performed during ICA [8] (*). ICA
should be reserved for patients likely to benefit from
revascularisation. During ICA, assessment of pressure
gradients, intravascular ultrasound (IVUS), or optical
coherence tomography (OCT) may increase the accuracy of
stenosis gradation and plaque characterisation.

Morphological assessment of luminal diameter does not
necessarily reflect hemodynamic significance and assess-
ment of downstream consequences on perfusion may be
required, including stress MRI, SPECT, PET, or echo-
cardiography. Haemodynamic information can also be
acquired from CT with CT perfusion imaging or CT FFR.
Stress echocardiography is widely available but is limited
by observer variability. Stress MRI is a robust technique
with large studies establishing its diagnostic accuracy [9];
however, scanners are less widely available, and MRI is
contra-indicated in patients with certain metal implants.
PET and SPECT are established techniques to identify
myocardial ischaemia, with PET providing better tem-
poral and spatial resolution, accuracy, and the ability to
quantify myocardial blood flow.

Application of non-invasive anatomical testing

Image acquisition with CT

Cardiac CT requires a 64 or greater multi-detector CT
scanner with electrocardiogram synchronisation. Patient
preparation includes pre-medication as appropriate with
beta-blockers to reduce heart rate to a target of 60 beats per
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Table 2 Summary of medications and contrast agents used for imaging patients with stable chest pain

Medication Modality Route Precautions, contraindications®
Beta-blockers (e.g., cT Oral in advance of the scan and/or Hypotension, asthma, severe aortic stenosis, claudication, severe
metoprolol) intravenous. Titrated to heart rate  heart failure, sick sinus syndrome, 2nd or 3rd degree heart block,
verapamil treatment.
Nitroglycerin cT Sublingual spray or tablet Aortic stenosis, pulmonary hypertension, phosphodiesterase type 5
inhibitors (e.g. sildenafil).
lodinated contrast @) Intravenous, based on body mass  Allergy, renal failure.
index
Adenosine Perfusion Intravenous infusion Asthma, sick sinus syndrome, heart block, recent myocardial
imaging infarction.
Regadenoson Perfusion Intravenous bolus Severe hypotension, 2nd or 3rd degree heart block, sick sinus
imaging syndrome, recent myocardial infarction.
Dobutamine Perfusion Intravenous infusion Severe hypertension, aortic stenosis, severe hypertrophic
imaging cardiomyopathy, recent myocardial infarction,
Dipyridamole Perfusion Intravenous infusion Asthma, sick sinus syndrome, heart block, recent myocardial
imaging infarction.
Gadolinium based MRI Intravenous, based on weight. Allergy, renal failure.
contrast

?For a full list of precautions, contraindications and dosing please refer to the complete medication information

minute and reduce heart rate variability (Table 2). Nitro-
glycerin for coronary vasodilation is used to optimise image
quality. More detailed information on image acquisition is
available in the ESCR “How I do it” guide (https://www.
escr.org). Example reports are provided in Supplementary
Table 2. Images are acquired during suspended respiration
with prospective or retrospective electrocardiogram syn-
chronisation and iodinated contrast. Cardiac reconstruc-
tions at several time points and wide field of view images
are generated. Prior to CCTA acquisition a non-contrast
electrocardiogram gated CT to assess calcium score may be
acquired depending on local practice, as this can be used to
guide CCTA scan range and acquisition parameters and
provide a quantitative coronary artery calcium score.
However, in symptomatic patients, calcium score alone is
not enough for the evaluation of CAD.

Coronary stenosis on CCTA

Coronary stenoses can be visually assessed in each seg-
ment using multiplanar and curved planar reformations.
Per segment diameter stenosis can be graded visually as
none, minimal (<25%), mild (25-50%), moderate
(50-70%), severe (> 70%), or occluded (Fig. 2). CCTA has
excellent diagnostic accuracy compared to the gold
standard of ICA for the identification of coronary stenosis,
with a particularly good negative predictive value. In a
large meta-analysis, the pooled sensitivity and specificity
on a per segment level for the identification of >50%
stenosis were 91% and 96%, respectively [10].

Coronary plaque assessment on CCTA

Recently, the management of patients with CAD has
moved beyond the identification of coronary stenosis to
incorporate other aspects of atherosclerosis. The most
basic assessment of plaque type is based on attenuation
and classifies plaques as calcified, non-calcified, or mixed.
Visually assessed high-risk plaque features include posi-
tive remodelling, low attenuation plaque, spotty calcifi-
cations, and the napkin ring sign (Fig. 2). Positive
remodelling describes outward vessel diameter enlarge-
ment at the level of a lesion (outer vessel diameter at
lesion/the average of the outer diameter of the proximal
and distal vessel > 1.1, Fig. 2). Low attenuating plaque is
associated with a necrotic core of rupture-prone plaques.
Large calcifications are characteristic of advanced disease,
and spotty calcifications (<3 mm) are associated with
high-risk plaque. The napkin ring sign describes a com-
bination of positive remodelling, low attenuation plaque
and a high attenuation rim which may represent micro-
calcification, dissection, or inflammation. Recent studies
have shown that 2 or more high-risk plaque features are
associated with an increased risk of MACE and their
presence could guide the use of more aggressive medical
management, such as lower cholesterol targets for pre-
ventive therapy [11, 12] (**).

To account for the diffuse nature of CAD, the amount
of plaque can be assessed across the coronary tree and can
be visually assessed and described as mild, moderate, or
severe. Alternately, quantification can be performed using
semi-quantitative scores, calcium score, or other
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Fig. 2 Anatomical assessment with coronary CT angiography in patients with stable chest pain showing curved planar reformations from different
patients. A shows a normal coronary artery where the patient was discharged from the clinic. B shows minor (< 25%) and (C) shows mild (< 50%) stenosis
where the recommendations would be for preventive therapy. D shows moderate (50-70%) stenosis where the recommendation was for preventive
therapy. E shows severe (> 70%) in a patient who subsequently underwent coronary artery bypass grafting. Examples of visually assessed high-risk plaque
(arrows) showing (F) spotty calcification, (G) positive remodelling, (H) low attenuation plague and (I) the napkin ring sign. Two or more high-risk plaque
features are an indication for more aggressive medical management, such as lower cholesterol targets for preventive therapy

quantitative evaluation. Coronary calcium score can be
measured on non-contrast CT using the Agatston
method. A higher calcium score is associated with an
increased risk of subsequent cardiac events, but its diag-
nostic utility in patients with stable chest pain is debated.
Several visual semi-quantitative scores are available for
CCTA, with similar prognostic utility [13] (**). CCTA
results can also be summarised using the Coronary Artery
Disease—data and reporting system (CAD-RADS) [14].
Software tools are also available for the semi-automatic
quantification of plaque volume and type on CCTA, and
research into how to incorporate this information into
clinical practice is emerging.

Application of functional testing

Evaluation of cardiac function and ischaemia

Functional testing in CAD involves the incorporation of
multiple complimentary pieces of information regarding
cardiac function and ischaemia which can be assessed
with stress echocardiography, MRI, SPECT, or PET
(Figs. 3, 4).

The most fundamental measurement of cardiac func-
tion is ejection fraction, which determines if systolic
dysfunction is present. This is complimented by an
assessment of regional wall motion abnormalities at rest
which may indicate infarction, or during stress which may
indicate ischaemia. These can be graded as hypokinetic,
akinetic, or dyskinetic and reported following a 17 seg-
ment model. MRI also provides information on the

Fig. 3 Assessment of coronary artery disease with MRI showing (A)
anteroseptal and inferoseptal perfusion defect on stress imaging (A) with
normalisation on rest imaging. Late enhancement imaging showing in a
separate patient (C) and (D) showing evidence of previous infarction

absence of wall thickening during systole which may also
indicate infarction. However, diagnostic accuracy of these
assessments to identify ischaemia is low.

Myocardial ischaemia can be assessed with SPECT, PET,
MRI, CT, or echocardiography. Physiological (exercise) or
pharmacological stress (adenosine, regadenoson or
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Fig. 4 Assessment of coronary artery disease with myocardial perfusion imaging showing (top) stress and rest SPECT imaging and (bottom) oxygen-15
water PET imaging in two patients showing reversible perfusion defects which hare present on stress imaging and resolved on rest imaging

dipyridamole, Table 2) imaging is performed +/— rest
imaging. More detailed information on MRI image acqui-
sition is available in the ESCR “How I do it” guide (https://
www.escr.org). Example reports are provided in Supple-
mentary Table 3. Perfusion defects are reported with a 17-
segment myocardial model. Inducible ischaemia is present
if there is a stress perfusion defect within a coronary ter-
ritory which is not present at rest. Infarction may be pre-
sent when the defect persists on stress and rest imaging.
Ischaemia and no obstructive coronary arteries (INOCA)
can also be identified with functional testing and is an
important cause of morbidity and mortality.

Qualitative visual inspection of perfusion can be compli-
mented by quantitative analysis of blood flow. Currently, this
is mostly performed using PET, but it is also possible with
dedicated MRI sequences and dynamic CTP. Myocardial
perfusion reserve (MPR) can be calculated (stress/rest blood
flow), with MPR < 2 indicating inducible ischaemia in a recent
meta-analysis [15]. MPR is particularly useful for the detection
of balanced ischaemia due to severe three vessel disease and
microvascular dysfunction [16] (*).

Where CT has been performed as the first-line test, the
functional significance of stenosis can also be assessed using
simulated fractional flow reserve derived from coronary

anatomy (CT FFR) or by using CT perfusion. CT FER can be
performed on any CCTA with adequate image quality. CT
perfusion is easier to perform with the latest generation of
wide volume or dual-source scanners. CT FFR showed high
agreement when compared with invasive fractional flow
reserve in a meta-analysis [17]. CT FFR should be measured
approximately 2 cm distal to the stenosis of interest, with a
CT FFR<0.8 indicative of lesion-specific flow restriction.
Those with a CT-FFR > 0.8 have low rates of cardiovascular
events in a meta-analysis [18] and can be deferred from
further invasive testing. Myocardial perfusion can be asses-
sed with CT using both static and dynamic protocols and has
good accuracy and prognostic ability compared to gold
standard assessments [19] (Fig. 5) (**).

Assessment of myocardial viability

Myocardial viability can be assessed on MRI using late
gadolinium enhancement (LGE), which can also be used
to assess for fibrosis or infiltration diseases. Myocardial
viability assessment may be particularly useful when there
are resting wall motion abnormalities or a matched stress
perfusion defect. Subendocardial LGE is indicative of
prior myocardial infarction with maintained viability, with
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Fig. 5 Assessment of coronary artery disease with coronary CT angiography. Images A-E A sixty-year-old male with dyspnoea and chest pain. CCTA
shows no significant coronary stenosis in left anterior descending artery (A) and left circumflex artery (B). The right coronary artery showed severe
stenosis due to calcified plaque in the mid vessel (C, arrow). Dynamic stress CT perfusion imaging was performed for the evaluation of myocardial
ischaemia. A deficit of myocardial perfusion was observed in the inferoseptal mid-ventricular segment (D, arrowhead). Severe stenosis in the right
coronary artery was confirmed on invasive coronary angiography and treated with percutaneous coronary intervention (E, arrow)

LGE involving >50% of the myocardial wall thickness
indicating non-viability [20] (**) (Supplementary Table 3).

Additional considerations

Percutaneous and surgical revascularisation

Prior coronary artery stenting or coronary artery bypass
grafting (CABG) can cause challenges in the selection and
analysis of non-invasive testing. Both myocardial perfu-
sion imaging and CT assessment can be performed for
patients with previous revascularisation, but test selection
depends on patient and technical factors.

The most important indication to evaluate coronary stents
is the exclusion of in-stent restenosis (ISR). ISR rates have
declined over progressive stent generations, but remain a
clinical issue with diverse aetiology [21]. Stent size, location,
and material can all influence the ability of CT assessment;
adequate spatial resolution is paramount to confirm stent
patency, and only stents with > 3 mm diameter are generally
considered suitable for evaluation with current CT tech-
nology [22]. Anatomical stent configuration also determines
accuracy of evaluation, favouring proximal, non-bifurcation
stents. However, lumen visualisation can be improved by
applying a sharper kernel and appropriate windowing. A

previous meta-analysis showed that 89% of stents were
interpretable with CCTA [23]—this will improve with newer
high-resolution scanners [24].

Assessment of coronary artery bypass grafts with CT
requires a longer field of view, starting just below the cla-
vicles so the origins of the internal mammary arteries are
visualised. Several graft configurations can be encountered
depending on the indication and surgical preference [25].
Evaluation of graft patency can be impacted by size and the
presence of adjacent surgical material, with large surgical
clips producing significant beam hardening artefacts. Over-
all, a meta-analysis showed 96% sensitivity and specificity for
graft evaluation with CT, which is slightly higher for venous
compared to arterial grafts [26].

Future considerations

Photon counting CT (PCCT) may improve CAD assess-
ment, particularly in patients with severe coronary calci-
fications, through improved resolution imaging,
particularly in patients with severe coronary calcification,
and material decomposition analysis of plaque compo-
nents [27]. Quantitative analysis of CCTA provides a
more robust assessment of coronary plaque burden and
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subtype, and machine learning tools may aid the speed of
this assessment [28]. Assessment of pericoronary adipose
tissue (PCAT, the fat surrounding the coronary arteries)
attenuation, and epicardial adipose tissue (the fat sur-
rounding the heart) may also improve the assessment of
cardiovascular risk [29, 30]. Advanced uses of SPECT and
PET imaging include new radiotracers for perfusion and
plaque assessment and the use of new technology such as
PET-MRI systems or Total Body PET scanners. For MRI,
new sequences are being developed that automate
acquisition, reduce acquisition times, enable non-contrast
assessment, and facilitate quantitative perfusion.

Summary statement

Non-invasive imaging tests are an important part of the
evaluation of patients with stable chest pain. CT can provide
anatomical evaluation of CAD with assessment of stenosis,
plaque type and plaque burden, with additional functional
information available from CT FFR or CTP. Stress MRI,
SPECT, PET, and echocardiography can assess myocardial
ischaemia and other cardiac functional parameters. It is
important to carefully evaluate the most appropriate techni-
que(s) for each patient. CCTA can be used as a first-line test
for many patients with stable chest pain, particularly those
with low to intermediate pre-test probability. Functional
testing may be considered for patients with known CAD,
where the clinical significance is uncertain based on anato-
mical testing, or in patients with high pre-test probability.

Patient statement

The diagnosis of heart disease is important to enable
treatment and prevent the risk of future heart attacks.
Several types of scans for heart disease are available that can
provide different information. Computed tomography
scans provide information on narrowing in the blood ves-
sels that supply the heart and the cause of these narrowings.
Other tests such as magnetic resonance imaging and
nuclear medicine tests provide information on the blood
flow to the heart muscle, along with other information. The
choice of imaging test depends on a patient’s symptoms,
risk factors and previous medical history, and in some
cases, more than one test is required. The information from
these tests can suggest whether a patient will benefit from
medication or other treatments for coronary artery disease.

List of abbreviations

CAD Coronary artery disease

CCTA Coronary computed tomography angiography
FFR Fractional flow reserve

ICA Invasive coronary angiography

vUsS Intravascular ultrasound

MACE Major adverse cardiovascular events

ocT Optical coherence tomography
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