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Abstract

Coronary artery disease (CAD) remains a significant global public health burden despite
advancements in prevention and therapeutic strategies. Common non-invasive imaging modalities,
anatomic and functional, are available for the assessment of patients with stable chest pain.
Exercise electrocardiography is a long-standing method for evaluation for CAD and remains the
initial test for the majority of patients who can exercise adequately with a baseline interpretable
electrocardiogram. The addition of cardiac imaging to exercise testing provides incremental
benefit for accurate diagnosis for CAD and is particularly useful in patients who are unable to
exercise adequately and/or have uninterpretable electrocardiograms. Radionuclide myocardial
perfusion imaging and echocardiography with exercise or pharmacological stress provide high
sensitivity and specificity in the detection and further risk stratification of patients with CAD.
Recently, coronary computed tomography angiography has demonstrated its growing role to rule
out significant CAD given its high negative predictive value. Although less available, stress
cardiac magnetic resonance provides a comprehensive assessment of cardiac structure and
function and provides a high diagnostic accuracy in the detection of CAD. The utilization of non-
invasive testing is complex due to various advantages and limitations, particularly in the
assessment of low- and intermediate-risk patients with chest pain, where no single study is suitable
for all patients. This review will describe currently available non-invasive modalities, along with
current evidence-based guidelines and appropriate use criteria in the assessment of low- and
intermediate-risk patients with suspected, stable CAD.
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Introduction

Despite recent trends showing a decline in cardiovascular morbidity and mortality,
cardiovascular disease (CVD) remains the leading cause of death in the United States. Every
year, approximately 635,000 Americans will have a new coronary event, 300,000 will have a
recurrent event, and an estimated 155,000 will suffer a silent first myocardial infarction [1].
Chest pain remains the most common reason for ER visits in men older than 15 years and is
the second most frequent cause of ER encounters in adults with more than eight million
visits a year [2]. Early recognition and diagnosis remains crucial to the survival of these
patients. Unfortunately, 2% (160,000) of patients are discharged inadvertently from the ER
and are not recognized as having a coronary event [3]. This group of patients carries a higher
risk of death than those who are hospitalized with an acute coronary syndrome (ACS).

New diagnostic strategies (chest pain units, new highly sensitive biomarkers, and risk
questionnaires) have been utilized in the assessment of patients with chest pain; however,
evaluation of chest pain in low- and intermediate-risk patients continues to be a diagnostic
challenge. Patel et al. [4] showed that only slightly more than one-third of symptomatic
patients without known CAD who underwent elective invasive coronary angiography (ICA)
had obstructive coronary disease. However, patients with a positive non-invasive test were
moderately more likely to have obstructive CAD than those who did not undergo any testing
and were referred only based on risk factors and symptoms at the discretion of the referring
physician. Thus, although the current gold standard for diagnosis of CAD, ICA is not
indicated for the initial step for all patients with chest pain, particularly those at low-to-
intermediate risk (Fig.) [5].

There are several well-established non-invasive testing modalities for the diagnosis of CAD
including exercise stress electrocardiography (EXECG) testing, echocardiography and
radionuclide myocardial perfusion imaging (MPI) using exercise or pharmacologic stress,
coronary computed tomography angiography (CCTA), and cardiac magnetic resonance
imaging (CMR). These non-invasive modalities vary with respect to several factors
including, but not limited to, diagnostic accuracy, availability, costs, ionizing radiation
exposure, and clinical expertise. This review will further explore the role of non-invasive
testing, both anatomic and functional, for detection of myocardial ischemia and CAD in
patients with low- and intermediate-risk chest pain.

Non-invasive imaging modalities
Exercise stress electrocardiography

EXECG remains the recommended initial diagnostic test modality by the American College
of Cardiology and American Heart Association (ACC/AHA) guidelines on exercise testing,
diagnosis, and management of stable ischemic heart disease in patients with intermediate
pre-test probability who are able to exercise and have an interpretable rest electrocardiogram
(ECG) [5]. Two decades ago, stress testing that involved EXECG was the most common
form of stress either with or without imaging, accounting for more than two-third of total
exercise stress testing [10]. However, despite current recommendations, EXECG is now
underutilized and the growth of imaging testing continues to rise every year in the United
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States [6]. In 2009, more than nine million myocardial perfusion imaging (MPI) studies
were performed at a cost of more than $1 billion [7]. Andrus and Welch [8] found that the
use of stress test imaging ordered by cardiologists increased significantly among Medicare
beneficiaries between the period of 1999 and 2008; nuclear cardiology stress testing
increased 3.2-fold and stress echocardiography around 11%. Utilizing cross-sectional data
from the National Ambulatory Medical Care and National Hospital Ambulatory Care
Surveys from 1993-2010, Ladapo et al. [9] found a similar trend; cardiac stress test with
imaging increased from 59% in 1993-1995 to 87% in 2008-2010. Furthermore, 35% were
considered inappropriate, with associated annual costs and estimated harms of $501 million
and 491 future cases of cancer.

The use of EXECG can identify and help stratify patients with intermediate-risk probability
for cardiac events despite its relative low sensitivity and specificity. Detrano et al. [11]
reported a sensitivity of 68% and specificity of 77% for the detection of coronary artery
disease (CAD) in a meta-analysis that included over 24,000 patients and 22 years of
research. Exercise-induced ST-segment depression is considered the strongest predictor of
future cardiac events along with the duration of exercise and exercise capacity [12]. The
Duke Treadmill Score (DTS) is a widely accepted tool used by many clinicians providing
added prognostic information by combining exercise duration and ST changes and angina
during exercise [13]. However, DTS is less useful when the test result falls in the
intermediate-risk category, which leads to physicians ordering additional imaging to increase
the test's accuracy [14].

The information obtained during exercise, even if the patient is not able to achieve target
heart rate, enhances the ability to provide an accurate risk assessment. Bourque et al. [15]
found that in a prospective cohort of patients referred for SPECT MPI with intermediate-to-
high clinical risk for CAD, achieving =10 METSs with no ischemic ST-segment depression
was associated with 0.4% prevalence of significant ischemia (=10% left ventricular
ischemia), very low rates of cardiac death (0.1%/year), and non-fatal M1 (0.7%/year). A
subsequent study was able to show similar results in those who achieve =10 METSs during
EXECG regardless of peak exercise heart rate achieved [16]. There are other markers
obtained during EXECG that could be used for prognostication. Christman et al. [17] found a
low rate of composite end point of cardiovascular death, non-fatal Ml, or coronary
revascularization in patients with positive EXECG with rapid ST-segment recovery.
Uthamalingam et al. [18] demonstrated that 21-mm ST-segment elevation in lead AVR is a
strong predictor of obstructive left main (LM) or ostial left anterior descending artery
(LAD). A strategy based on exercise capacity achievement by eliminating MPI in such
patients could provide significant reduction of unnecessary testing and substantial cost
savings. The preference of exercise over a pharmacological stress-testing approach is based
on multiple studies showing the prognostic power that exercise provides. Rozanski et al. [19]
showed that exercise capacity was the single most important predictor of cardiac events
between the two approaches. Furthermore, Poulin et al. [20] showed that the inability to
perform any level of exercise during stress MPI is associated with higher mortality risk.
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Stress radionuclide perfusion imaging

Pharmacological stress MP1 when used in the right subset of patients is as relevant as
exercise stress MPI. Navare et al. [21] found that exercise stress MPI and pharmacological
stress MPI have comparable ability to diagnose and risk stratify patients when used
accordingly. Stress MPI provides excellent diagnostic accuracy for CAD with sensitivity and
specificity of 87-89% and 70-79%, respectively [22]. The average sensitivity and specificity
for the detection of CAD is 88% and 69%, and for exercise MPI and for adenosine MPI,
90% and 81%, respectively. The use of adenosine as a vasodilator for stress MPI is widely
accepted [23] and more recently regadenoson has shown similar perfusion results in multi-
center clinical trials making it faster and with less frequent side effects for patients [24].

While the use of pharmacological stress agents is relatively safe (<1-3% risk of serious
complication), the FDA added an update into the safety information profile of regadenoson
and adenosine in 2013 after serious complications were reported [25,26]. Clinicians may
order pharmacological stress tests over exercise as submaximal exercise could lead to
underestimation of size defect and false-negative studies. In patients who are able to
exercise, a strategy of symptom-limited exercise with regadenoson as needed MPI is a
feasible option that is safe and well tolerated and could provide additional prognostic
information for this subset of patients [27-29]. Disadvantages of stress MPI include
radiation exposure, long acquisition times, high cost, and poor spatial resolution that limits
detection of sub-endocardial ischemia [30,31]. In addition, artifacts secondary to breast
tissue, respiratory motion or sub-diaphragmatic attenuation are known to occur. Techniques
such as attenuation correction has allowed for improvements in characterization of perfusion
defections by reducing artifacts created by surrounding tissue particularly in women and
obese patients [22,30,31].

Cardiac positron emission tomography (PET) is an additional established modality for the
detection of CAD, although less available than SPECT and stress echocardiography.
However, it has established diagnostic and prognostic capabilities in patients with suspected
CAD [30,32,33]. Previous studies have demonstrated the range of sensitivity and specificity
of PET for the diagnosis of CAD compared to ICA (>50% stenosis) of 83-100% and 73—
100%, respectively [32]. In addition, with an overall diagnostic accuracy of 90% (84-98%),
patients with normal studies have been demonstrated to have low risk (<1% annual cardiac
event rate). Growing evidence supports the role of PET in its ability to accurately risk
stratify patients suspected of underlying CAD. Bateman et al. compared PET and SPECT in
two matched-patient cohorts and demonstrated improved diagnostic accuracy for PET (87%)
over SPECT (71%) for detecting 50% stenosis on ICA [34]. Advantages of PET over
SPECT include lower radiation exposure, higher spatial and temporal resolution, and less
attenuation artifacts allowing for improved image quality [30,32,33]. However, attenuation-
correction artifacts still occur (30-60% cases) from patient cardiac and respiratory motion
leading to transmission—emission imaging misalignment [32]. Limited availability, increased
cost, and less expertise in this emerging modality are notable disadvantages [30,32,33].
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Stress echocardiography

Stress echocardiography is a widely used non-invasive modality in the diagnosis of patients
with suspected CAD. Along with detection of ischemia via wall motion abnormalities,
assessment of left ventricular (LV) and right ventricular systolic function, LV diastolic
dysfunction, valvular heart disease, and hypertrophic obstructive cardiomyopathy is
obtainable [30,31]. Similar to MPI, echocardiography may be performed with exercise ECG
or pharmacologic stress using administration of p-adrenergic agonists such as dobutamine or
vasodilators (adenosine) [30,31,34]. In addition, patients with permanent pacemakers may
undergo stress testing by increasing the pacing rate until target heart rate (THR) is achieved
[34]. The sensitivity and specificity of exercise stress echocardiography for the diagnosis of
CAD is 88% and 79%, respectively. The diagnostic accuracy of dobutamine stress echo is
similar with sensitivity and specificity of 81% and 80%, respectively [30]. A meta-analysis
comparing stress echocardiography with stress myocardial perfusion imaging demonstrated
a higher sensitivity with stress MPI (84% vs 80%) but lower specificity (77% vs 86%) [34].
Stress echocardiography is a well-validated tool for prognosis and risk stratification as
studies have demonstrated similar low annual event rate (<1%) after a normal study
comparable with stress MPI [34].

There are several advantages of the use of stress echo including wide availability, relative
low cost, and lack of ionizing radiation [30,31,34]. The presence of resting regional wall
motion abnormalities and inter-observer variability limits its diagnostic accuracy. In
addition, suboptimal image quality due to patient body habitus, lung disease, or respiratory
motion can present a problem. Given the importance of endocardial border detection, the use
of ultrasound contrast agents have been shown to be safe and effective in improving image
quality [30,31]. In addition, patients with underlying tachyarrhythmias or uncontrolled
hypertension are contraindicated for dobutamine stress echocardiography [30,31,34].

Coronary computed tomography angiography
CCTA continues to increase its potential role in the diagnosis of patients with low-to-
intermediate risk for CAD. CCTA has demonstrated rapid development as a cardiac imaging
modality for the assessment of coronary artery disease with advancements from early
generation 4- and 16-slice to 64- and now 320-slice scanners [22,30,31]. The sensitivity and
specificity of CCTA is 82-99% and 89-98% [22], with a high negative predictive value of
>90% making it a preferred modality to rule out CAD in low- and intermediate-risk patients
[35].

CCTA has shown its utility in triaging patients with chest pain in the ER, improving
efficiency of clinical decision-making, however, with increased downstream of diagnostic
testing and radiation exposure with no savings in the overall cost of care [36]. In the
Prospective Multi-center Imaging Study for Evaluation of Chest Pain (PROMISE) study, a
randomized trial evaluating outpatient non-invasive testing, Douglas et al. [37] demonstrated
that for symptomatic patients suspected of CAD who required non-invasive testing, a
strategy of anatomical assessment (CCTA) is similar to that of a functional test (EXECG,
stress echocardiography or MPI), supporting CCTA as a reasonable diagnostic modality for
patients with low-to-intermediate risk. Prior to the PROMISE trial, Nielsen et al. [38]
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published a systemic review and meta-analysis examining the diagnostic accuracy and
outcomes after CCTA compared with conventional functional testing (EXECG and SPECT)
in patients with suspected stable CAD. The authors demonstrated that CCTA had
significantly higher diagnostic performance for the detection of CAD when compared to
EXECG and SPECT. Similarly, participants who underwent CCTA in the meta-analysis were
more likely to have further downstream testing as in PROMISE. The results from the meta-
analysis are supported by previous data evaluating coronary anatomy burden vs ischemic
burden. Mancini et al. [39] in the Clinical Outcomes Utilizing Revascularization and
Aggressive Drug Evaluation (COURAGE) trial, with 621 participants who underwent
SPECT and ICA, showed that anatomic burden was consistently found to be an independent
predictor of death, MI, or non-ST-segment elevation acute coronary syndromes, whereas
ischemic burden was not.

Additional advantages of CCTA include non-invasive assessment of plaque morphology and
functional characteristics. Prior studies, with ICA and intravascular ultrasound (I\VUS), have
demonstrated that increased plagque burden is associated with future cardiovascular events
[40]. CCTA may be used to assess individual and global plaque burden along with
identifying high-risk features such as large plaque volume, low CT attenuation, positive
remodeling, and spotty calcification, all of which increase vulnerability of rupture and
subsequent cardiovascular event [40-42]. CCTA may also be used to assess the ratio of flow
in diseased artery to expected flow normal artery, known as fractional flow reserve (FFR), an
established marker of ischemia severity and need for revascularization when used during
ICA. Hlatky et al. [36] showed the potential role of computed tomography fractional flow
reserve (CT-FFR) in patients with suspected CAD, demonstrating that this could be utilized
in triaging patients for invasive procedures more efficiently and more accurately than
conventional care. A recent review and meta-analysis by Gonzalez et al. [43] demonstrated
the increased specificity of CT-FFR compared to CCTA for the detection of functionally
significant stenosis, 72% vs 42%, respectively, as defined by invasive FFR in patients with
known or suspected CAD.

The Assessment by Coronary Computed Tomographic Angiography of Individual
Undergoing Invasive Coronary Angiography (ACCURACY) trial demonstrated reduced
specificity (86% vs 53%) for detection of =50% stenosis in subjects with calcium scores vs
>400 Agatston units, respectively [44]. Thus, the diagnostic utility of CCTA is limited in
particular patient populations where the degree of stenosis cannot be assessed. These
subgroups include older patients due to coronary calcification, or those with chronic kidney
disease or prior coronary stents [22,30]. Radiation exposure is an important limitation of
CCTA as a cardiac imaging modality; however, studies have shown effective strategies that
reduce radiation dose while maintaining adequate assessment of the coronary anatomy
[45,46]. Additional disadvantages include limited availability and reduced image quality in
the presence of arrhythmias or increased heart rate [22,30].

Stress cardiac magnetic resonance imaging

Although not as widely available as other modalities, stress cardiac magnetic resonance
imaging (CMR) provides a robust and comprehensive assessment of myocardial perfusion
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imaging for the detection of CAD and accurate quantification of left ventricular morphology
and function, along with myocardial tissue characterization [31,47]. CMR has the advantage
of assessment of sub-endocardial perfusion abnormalities where radionuclide MPI may be
falsely negative due to balanced multi-vessel CAD [22,30]. In addition, CMR does not
expose the patient to ionizing radiation. Pharmacologic stress perfusion CMR has a
sensitivity of 83-91% and a specificity of 81-86% using invasive coronary angiography as
the gold standard [22]. Dobutamine stress functional CMR is less sensitive but more
specific; however, it is used less often presently because of patient comfort factors and the
desired use of gadolinium contrast for infarct detection and viability imaging.

Randomized controlled trials assessing the cost-effectiveness of stress CMR have been
performed in intermediate-risk patients presenting to the emergency department with chest
pain. Miller et al. [48] demonstrated that the median direct cost of the hospital visit was
lower in the observation unit-cardiac MRl (OU-CMR) group compared to the inpatient care
group. Follow-up analysis at 1 year demonstrated that cardiac related healthcare cost
remained significantly lower for the OU-CMR group compared to the inpatient care group
($3101 vs $4742, p=0.004) [49]. In addition, similar to PET, patients with a negative stress
CMR have a low annual event rate (<1%) for cardiovascular death or non-fatal Ml
demonstrating its excellent prognostic ability and risk stratification in patients with
suspected CAD [50]. Additional limitations include patient factors such as severe
claustrophobia and individuals with cardiac devices such as permanent pacemakers,
implantable cardioverter defibrillators, and certain intracranial aneurysm clips, along with
limited functional analysis in the presence of arrhythmias. For patients with stage four or
five chronic kidney disease, the administration of gadolinium is contraindicated due to the
association with nephrogenic systemic fibrosis [22,30,31].

Modality selection

Initial clinical evaluation of patients with chest pain should include a detailed history,
physical examination, electrocardiogram (ECG), and chest radiography. The focus of the
clinician is to exclude the most common and potentially life-threatening conditions such as
acute coronary syndrome, aortic dissection, pulmonary embolism, and spontaneous
pneumothorax [5,51]. Thorough clinical assessment suggestive of these conditions will
require early aggressive medical therapy and invasive testing, serial cardiac biomarkers, D-
dimer, and/or computed tomography (CT) [51]. Stable patients excluded from these
conditions may require further evaluation of suspected CAD.

After initial comprehensive assessment, patients are able to be categorized based on their
pre-test probability of CAD as low (<10% pre-test probability), intermediate (10-90% pre-
test probability), or high (>90% pre-test probability) risk. This pre-test probability is an
estimate of the likelihood of CAD based upon factors such as characterization of chest pain
(typical vs atypical angina), age, gender, and/or conventional risk factors [5,31]. Well-known
risk models that have been used for decades such as the Framingham risk score [31] and
Diamond—Forrester (DF) [5] score have been validated and recommended by the ACC/AHA
guidelines on the management of patients with suspected CAD [5]. Patients at low,
intermediate, and high risks have estimated predicted 10-year CAD risk of less than 10%,
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10-20%, and greater than 20%, respectively [5,52]. Further decision-making for selection of
non-invasive testing modality should incorporate pre-test probability, patient clinical
characteristics such as ability to exercise, and presence of resting ECG abnormalities.

According to the ACCF/AHA 2012 guidelines, patients with suspected CAD requiring
further evaluation, exercise ECG testing is recommended in intermediate-risk patients, while
considered reasonable in low-risk patients who can exercise with interpretable resting ECG
[5]. Exercise stress with radionuclide MPI or echocardiography are also recommended in
patients with intermediate risk who have an uninterpretable ECG, while exercise stress with
radionuclide MPI is not recommended in low-risk patients. As an initial test, exercise stress
with radionuclide MPI or echocardiography is reasonable in intermediate-risk patients who
can exercise with interpretable resting ECG, whereas pharmacological stress with CMR is
considered reasonable in patients who can exercise with uninterpretable ECG. Exercise
stress echocardiography may be reasonable in low-risk patients who can exercise with
interpretable ECG.

Regarding patients who are unable to exercise, pharmacological stress with radionuclide
MPI or echocardiography is recommended for intermediate-risk patients [5].
Pharmacological stress echocardiography is reasonable in patients with low risk, while
pharmacological stress CMR is reasonable in patients with intermediate risk. CCTA is
considered appropriate in patients with low-to-intermediate risk. In addition, CCTA is
reasonable in intermediate-risk patients who have continued symptoms after prior normal
test or inconclusive exercise or pharmacological stress or are unable to undergo functional
stress imaging [5]. The ACCF/AHA guidelines are comparable to the most recent revised
2013 Multi-modality Appropriate Use Criteria (AUC) for the Detection and Risk
Assessment of Stable Ischemic Heart disease published in 2014 [47] (Table). In scenarios
where patients are suitable for multiple modalities, clinical decisions are generally made by
physician judgment based upon minimizing risks and costs to patient, local availability, and
expertise.

Future directions

Novel approaches to assess cardiac risk in patients who are unable to exercise are being
developed in the nuclear and cardiac magnetic resonance (CMR) fields. Murthy et al. [53]
described the use of the non-invasive quantitative assessment of coronary vasodilator
function with positron emission tomography (PET) as an independent predictor of cardiac
death in patients with known or suspected CAD. Lee and Johnson [54] described the role of
CMR in the quantification of absolute myocardial blood flow and the ability to assess
coronary flow reserve without the need of radiation. Similarly, functional assessment of
coronary arteries under pharmacological stress with adenosine known as CT perfusion
(CTP) is also an emerging technique. Although initial studies were small and were
conducted at single center, recent meta-analysis showed increased specificity when
compared to CCTA for detecting functionally significant stenosis as defined by invasive FFR
[39]. As there is currently no single study that provides both anatomic and functional
assessment with high diagnostic accuracy, hybrid techniques are being evaluated to combine
the strengths while addressing the limitations of multi-modality imaging. Such hybrid
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techniques may include SPECT/CCTA, PET-CCTA, or PET/MR. The use of hybrid imaging
techniques may allow for a single study to obtain both anatomical and functional data with
improved diagnostic accuracy and decrease the need for further downstream or unnecessary
invasive testing by ICA, the current gold standard. Large cohort studies evaluating these
hybrid techniques are needed to examine the outcomes, cost-effectiveness, and potential
adverse effects in patients presenting with low- and intermediate-risk chest pain.

Conclusion

As CVD remains the leading cause of morbidity and mortality, the accurate diagnosis of
CAD in patients presenting with stable chest pain remains an important public health issue.
ICA is the current gold standard for the detection of obstructive CAD; however, given
increased risks and cost, noninvasive cardiac testing is a more appropriate first-line
diagnostic step. Current non-invasive methods provide similar diagnostic and prognostic
accuracy, with varying cost, availability, and limitations, making the selection in low- and
intermediate-risk patients complex. Current guidelines support the use of exercise ECG as
the initial test for low-to-intermediate risk chest pain for further evaluation of stable CAD.
The addition of imaging to exercise testing provides incremental benefit for accurate
diagnosis of obstructive CAD with an acceptable increase in cost and should be reserved for
patients who are unable to exercise and/or have uninterpretable ECGs. Growing evidence
supports the role of CCTA as an alternative to stress imaging given its ability to rule out
CAD. Overall, physician judgment should determine the most appropriate non-invasive
modality for an individual with respect to patient safety, accessibility, and cost-effectiveness
in order to minimize risk of future adverse cardiac events in patients with suspected CAD.
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Suspected Ischemic Heart Disease
(or change in clinical status in a patient with known IHD)

See ACCF/AHA UA/NSTEMI

Intermediate or high-risk UA?t —ves—» Guideline
No Symptoms or findings suggest
high-risk lesion(s)F
c clinical of risk, including personal OR

Prior sudden death or serious
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- improve symptoms
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Fig.

Diagnosis of patients with suspected IHD. Colors correspond to the class of
recommendations in the ACCF/AHA (Table) [5]. The algorithms do not represent a
comprehensive list of recommendations (see full guideline text Ref. [5] for all
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recommendations and additional Tables and Figures). TSee Table 2 of Ref. [5] for short-term
risk of death or non-fatal MI in patients with UA/NSTEMI. *CCTA is reasonable only for

patients with intermediate probability of IHD. CCTA, computed coronary tomography
angiography; CMR, cardiac magnetic resonance; ECG, electrocardiogram; Echo,

echocardiography; IHD, ischemic heart disease; MI, myocardial infarction; MPI, myocardial
perfusion imaging; Pharm, pharmacological; UA, unstable angina; UA/NSTEMI, unstable
angina/non-ST-elevation myocardial infarction. (Adapted with permission from Fihn et al.
[5].) (For interpretation of the references to color in this figure legend, the reader is referred

to the web version of this article.)
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Detection of CAD/risk assessment: Symptomatic. (Adapted with permission from Wolk et al. [52].)

Indication text

ExerciseECG  StressRNI

Stress echo

StressCMR

Calcium scoring  CCTA

Invasive coronary angiography

1.

Low pre-test
probability of
CAD

ECG
interpretable
and able to
exercise

Low pre-test
probability of
CAD

ECG
uninterpretable
or unable to
exercise

Intermediate
pre-test
probability of
CAD

ECG
interpretable
and able to
exercise

Intermediate
pre-test
probability of
CAD

ECG
uninterpretable
or unable to
exercise

High pre-test
probability of
CAD

ECG
interpretable
and able to
exercise

High pre-test
probability of
CAD

ECG
uninterpretable
or unable to
exercise

A R

M

R

R

R

R

Appropriate use key: A = appropriate; M = may be appropriate; R = rarely appropriate. A = appropriate; CAD = coronary artery disease; CCTA =
coronary computed tomography angiography; CMR = cardiac magnetic resonance; ECG = electrocardiogram; Echo = echocardiography; M = may
be appropriate; R = rarely appropriate; RNI = radionuclide imaging.
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