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Abstract
Objective To compare different methods for investigation of stable, low-
risk chest pain and identify the best first-line test for patients at low or 
intermediate risk of coronary artery disease (CAD).

Sources of information The MEDLINE database was searched for articles 
on chest pain investigation from 1978 to 2019 using the following key terms: 
chest pain, exercise electrocardiography, nuclear perfusion imaging, stress 
echocardiography, cardiovascular magnetic resonance imaging, coronary 
computed tomography angiography, and catheter angiography. Results were 
limited to English-language, peer-reviewed journal publications. 

Main message Chest pain is a common chief concern among patients 
presenting to primary care physicians. Several investigative options exist, 
and each method has inherent strengths and limitations resulting in variable 
performance depending on the pretest likelihood of CAD. Controversy exists 
regarding which is the best first-line test among low- or intermediate-risk 
patients. Coronary computed tomography angiography is emerging as the 
best first-line test for chest pain investigation in patients who are at low 
or intermediate risk of CAD. Invasive catheter angiography remains the 
reference standard, although it is usually reserved for high-risk patients or for 
confirmation of positive noninvasive test results.

Conclusion Several investigative options exist for the evaluation of stable, 
low-risk chest pain. A review of the literature reveals an emerging role for CCTA 
as a first-line test, particularly in low- or intermediate-risk populations without 
known CAD.

Lack of clear guidelines on the best first-line test for coronary artery dis-
ease (CAD) leads to overinvestigation, particularly in patients at low 
or intermediate risk. Is coronary computed tomography angiography 

(CCTA), with its high negative predictive value, the best option to rule out 
CAD, thereby reducing overinvestigation, time to diagnosis, health care costs, 
and overall radiation exposure? The objective of this article is to review the 
literature on chest pain investigation methods and to provide a summary of 
current evidence-based approaches and recommendations in patients at low 
or intermediate risk.

Case
A 65-year-old woman presented to her family physician with chest pain that 
had been present for months. The pain was intermittent and retrosternal, 

Editor’s key points
} Despite the prevalence of chest 
pain among patients seeking care 
from their family physicians, the 
investigation of stable chest pain 
in patients at low or intermediate 
risk is a complicated and changing 
landscape owing to evolving 
technologies. This might be 
particularly true for female patients, 
for whom conventional functional 
testing might have lower accuracy. 

} This article summarizes 6 
available investigations for the 
workup of stable chest pain and 
highlights some of the strengths and 
limitations of each. A comparative 
analysis of these options supports 
coronary computed tomography 
angiography (CCTA) as a first-line test.

} Coronary computed tomography 
angiography has the highest 
negative predictive value for ruling 
out coronary artery disease in 
patients at low or intermediate 
risk and should be considered 
as the first-line investigation 
strategy on account of its potential 
to reduce overinvestigation and 
time to diagnosis. The widespread 
use of CCTA supports preventive 
medicine, as its usefulness 
in detecting nonobstructive 
cardiovascular disease is important 
for prognostication and early 
initiation of optimal medical 
therapy. However, access to timely 
CCTA might be limited depending on 
the location of practice.
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but did not occur on physical exertion and was not 
relieved by rest. She had a history of prediabetes and 
chronic hypertension controlled with a β-blocker, but 
had no other cardiovascular risk factors and no known 
history of CAD. She was referred for stress echocar-
diography (SE), but when this failed to offer a definitive 
diagnosis because she was unable to exercise enough 
to reach the target heart rate, she was referred for a 
nuclear perfusion scan. Nuclear perfusion scan find-
ings revealed a possible anterior ischemia but reported 
that breast attenuation might have caused a false-
positive result. She subsequently underwent catheter 
angiography that showed normal coronary arteries. 

Sources of information
The MEDLINE database was searched for articles from 
1978 to 2019 relating to the various methods of investi-
gating chest pain using combinations of the key terms 
chest pain, exercise electrocardiography, nuclear perfusion 
imaging, stress echocardiography, cardiovascular magnetic 
resonance imaging, coronary computed tomography angi-
ography, and catheter angiography. Results were limited 
to English-language and peer-reviewed journal publi-
cations. The search identified 589 articles, which were 
reviewed to yield the 69 articles included in this clini-
cal review. The quality of evidence cited in this paper 
ranges from level I to level II (Box 1).

Main message
Chest pain is a common chief concern among patients 
presenting to primary care physicians in the ambulatory 
setting, but no standardized approach exists to guide 
investigation and diagnosis in patients who are at low or 
intermediate risk of CAD.1 Typical chest pain associated 
with CAD is also known as angina and is often described 
as retrosternal chest pain that might radiate to the jaw 
or arm, is triggered by physical exertion or emotional 
stress, and is relieved by rest or nitroglycerin.2 Stable 
chest pain is pain that does not meet criteria for acute 
coronary syndromes, which includes ST-segment eleva-
tion and non–ST-segment elevation myocardial infarc-
tion as well as unstable angina. All 3 of these entities 
result in varying degrees of coronary artery obstruction 
secondary to rupture of an atherosclerotic plaque in 1 
or more coronary arteries leading to ischemia and, in 
the case of myocardial infarction, a range of myocardial 
injury and tissue death. 

Stable chest pain referred to in this review is low-risk, 
often atypical chest pain that does not meet the crite-
ria for typical angina or acute coronary syndromes. It 
does not increase in severity or frequency, and is not felt 
at rest when previously it was felt on exertion (unlike 
unstable angina, which tends not to respond to rest). 
Stable chest pain presents without concerning electro-
cardiography (ECG) features or hemodynamic instabil-
ity. A variety of noninvasive testing methods are used in 
the investigation of stable chest pain, including exercise 
electrocardiography (GXT), nuclear perfusion single-
photon emission computed tomography, SE, cardiovas-
cular magnetic resonance imaging (CMR), and CCTA. 
The results from these noninvasive testing methods 
are often compared with invasive catheter angiography, 
which is the reference standard for assessment of CAD. 

Without evidence-based guidelines to direct the 
investigation of stable chest pain, particularly in patients 
at low or intermediate risk, primary care providers are 
often left responsible for understanding the strengths 
and limitations of each of these tests and might inad-
vertently overinvestigate patients who are unlikely to 
have important CAD. Primary care physicians might also 
choose to refer all of their patients presenting with sta-
ble chest pain to a cardiologist to rule out important 
CAD as an underlying cause. However, this approach 
might not result in the best patient care, as it not only 
increases the time to diagnosis but also increases health 
care costs related to referral. The decision to proceed 
with any investigation in a patient with stable, low-risk 
chest pain is at the discretion of the primary care physi-
cian using risk stratification systems and clinical judg-
ment, but is often influenced by patient factors such as 
a strong family history of CAD. A suggested diagnos-
tic pathway in the primary care outpatient setting for 
patients presenting with chest pain who are at low or 
intermediate risk of CAD is shown in Figure 1.

Noninvasive funct ional  diagnost ic  methods.  
Noninvasive testing methods can be divided into func-
tional testing and anatomic testing. Functional testing 
involves a stress component (where exercise is pref-
erable to pharmacologic stress owing to its greater 
sensitivity in the detection of ischemia) and an imag-
ing component. The purpose of functional testing is to 
determine how the heart works under exercise or phar-
macologic stress conditions to evaluate ischemia as a 
potential cause of chest pain and to provide prognostic 
information regarding cardiovascular fitness level. 

Exercise electrocardiography: Exercise electrocardiog-
raphy involves the measurement of cardiac rate, rhythm, 
and blood pressure while the heart is subjected to physi-
ologic stress by means of a treadmill. This test is read-
ily available in most communities, is inexpensive, and 
does not involve radiation.3 Exercise electrocardiogra-
phy is limited by variance in exercise capacity, especially 

Box 1. Levels of evidence

Level I: Multiple large randomized controlled trials and 
systematic reviews 
Level II: 1 or 2 small randomized controlled trials 
Level III: Cohort and case-control studies 
Level IV: Consensus
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in old or sick patients, as well as by lower sensitivity 
and specificity compared with other functional imag-
ing methods.4-8 The lower sensitivity of GXT might be 
explained by the fact that regional wall motion abnor-
malities often precede chest pain or electrical changes.9 
While many factors in a patient’s clinical history, disease 
severity, and treadmill performance will affect the sensi-
tivity and specificity of GXT, a meta-analysis performed 
by the American Heart Association (level I evidence) 
declared the sensitivity and specificity to fall within the 
ranges of 45% to 50% and 85% to 90%, respectively, for 
obstructive CAD.6 Abnormalities in the baseline ECG, 
such as left bundle branch block, frequently render 
the results of GXT uninterpretable, requiring further 

investigations.10 Additionally, the diagnostic sensitivity 
and accuracy of GXT might be lower in women, who 
are often unable to achieve target heart rates, and 
who often experience less predictive symptoms or non-
specific ECG changes.11-13 

Stress echocardiography: Similar to GXT, SE relies 
on cardiac stress to reveal functional status through 
ultrasound imaging. This stress can be induced either 
through exercise (preferable if the patient is able to exer-
cise) or through pharmacologic agents such as dobuta-
mine (increases heart rate and myocardial contractility) 
or vasodilators such as dipyridamole that act to increase 
concentrations of endogenous and exogenous adenos-
ine.14 Stress echocardiography has been reported as a 

Figure 1. Suggested diagnostic pathway for patients with chest pain at low or intermediate risk of CAD

ACS—acute coronary syndromes, CAD—coronary artery disease, CCTA—coronary computed tomography angiography, ECG—electrocardiography, 
ICA—invasive catheter angiography, LM—left main coronary artery, SE—stress echocardiography, SPECT—single-photon emission computed tomography. 
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superior test to GXT for discriminating between patients 
with low and intermediate risk of CAD.15,16 Advances in 
technologies surrounding image application, digital dis-
play, use of contrast agents, and tissue Doppler have 
enabled accurate measurements of wall motion through 
SE.17 Studies comparing dobutamine and dipyridamole 
SE have reported similar sensitivities and specificities, 
while other reports suggest greater sensitivity and lower 
specificity in exercise SE than in pharmacologic SE.17,18 
The European Society of Cardiology guidelines on stable 
CAD (level I evidence) suggest that the sensitivity and 
specificity of SE fall in the ranges of 79% to 85% and 80% 
to 88%, respectively.8 Frailty or low exercise capacity 
limit SE similarly to GXT, and stress-inducing pharmaco-
logic agents are not always readily available to primary 
care physicians. Furthermore, SE has reduced sensitivity 
for the detection of single-vessel disease owing to com-
pensatory segments or poor visualization of the lateral 
wall (eg, owing to shadowing from the adjacent lung).19,20

Nuclear perfusion scans: Nuclear perfusion scans 
use radioactive isotopes to provide a window into the 
physiologic function of internal organs. Single-photon 
emission computed tomography is a type of nuclear per-
fusion scan that relies on radionucleotide imaging to 
describe myocardial perfusion abnormalities and allows 
cross-sectional imaging that improves localization of 
abnormalities. Similar to SE, exercise is the preferred 
stress but when the patient is unable to exercise, phar-
macologic stress agents such as dobutamine or vasodi-
lator stress agents such as dipyridamole or adenosine 
are used. Currently, the most common radionucleotide 
agent for this test is sestamibi labeled with technetium 
99m and injected 45 to 60 minutes before imaging.21 
An alternative tracer agent is tetrofosmin labeled with 
technetium 99m, which has been demonstrated to pro-
vide higher patient throughput and reduce the need 
for repeated scans despite variability in image quality 
depending on the route of injection.22,23 The results of 
several meta-analyses indicated that the sensitivity and 
specificity of single-photon emission computed tomog-
raphy for detecting CAD are in the ranges of 76% to 91% 
and 70% to 90%, respectively (level I evidence).8,24-26 The 
diagnostic accuracy of nuclear perfusion scanning might 
be reduced in women owing to false-positive results 
from breast attenuation artifacts.12,27

Cardiovascular magnetic resonance imaging:  
Cardiovascular magnetic resonance imaging is a 
radiation-free but relatively expensive option for the 
investigation of chest pain. Much like pharmacologic SE, 
stress perfusion CMR leverages the vasodilating prop-
erties of administered adenosine or dipyridamole to 
demonstrate myocardial ischemia, areas of infarct, and 
microvascular obstruction that results from infarcted myo-
cardium.28 Cardiovascular magnetic resonance imaging 
has the advantage of imaging multiple components of the 
ischemic cascade including areas of reduced myocardial 

perfusion, regional wall motion abnormalities, and global 
systolic function. It distinguishes areas of subendocardial 
versus transmural infarct to help guide decision mak-
ing regarding revascularization with percutaneous cor-
onary intervention or coronary artery bypass grafting. 
Technological advances since the inception of CMR have 
drastically improved image quality and decreased imag-
ing time, making it a feasible diagnostic investigation for 
chest pain.29 Meta-analyses have reported CMR to have 
sensitivities in the range of 79% to 91% and specificities in 
the range of 80% to 92% (level I evidence), with the intro-
duction of late gadolinium enhancement resulting in sen-
sitivities and specificities in the upper end of each of these 
ranges.30,31 However, access to CMR by family physicians 
might be limited outside of hospital-affiliated centres.

Noninvasive anatomic diagnostic methods
Coronary computed tomography angiography: Unlike 

the previous noninvasive imaging modalities, CCTA is an 
investigative technique that uses computed tomography 
imaging and injected iodine containing contrast agents 
to produce high-resolution, 3-dimensional anatomic 
evaluation of the coronary arteries. Many institutions 
also perform a noncontrast computed tomography scan 
to assess the coronary artery calcium (Agatston) score 
that has validated prognostic usefulness independent of 
the information on coronary artery plaque burden and 
estimated percent of stenosis provided by the angiogram. 
The optimization of computed tomography imaging 
techniques and technology within the past 20 years has 
improved its efficiency and diagnostic accuracy, shap-
ing CCTA into a strong contender for the first-line test in 
the investigation of stable chest pain.32-35 For example, 
with faster gantry rotation times and a larger number 
of detector rows, multidetector computed tomography 
technology can now image the beating heart with exqui-
site detail. To achieve consistent, high-quality images 
at a low radiation dose, intravenous or oral β-blockers 
are often administered before CCTA to lower the heart 
rate (ideally to less than 60 beats/min).36 Both the SCOT-
HEART (Scottish Computed Tomography of the Heart) 
and PROMISE (Prospective Multicenter Imaging Study for 
Evaluation of Chest Pain) trials have indicated that CCTA 
is underused in the investigation of stable chest pain 
(level I evidence).37,38 The application of CCTA for emer-
gency department patients with symptoms suggestive of 
acute coronary syndromes has improved the efficiency 
of clinical decision making, as well as reducing overall 
downstream testing, radiation exposure, hospital length 
of stay, and health care costs.39,40 

Computed tomography–derived fractional flow reserve 
(FFRCT): Recent application of FFRCT, a novel tech-
nique to estimate the flow-limiting effect of individual 
coronary artery stenoses, has been shown in some stud-
ies to improve the specificity and positive predictive 
value of CCTA and has added the “functional” element 
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missing from traditional CCTA.41-43 In FFRCT used to 
examine flow dynamics on either side of a plaque, a cut-
off value of 0.8 or less identifies a flow-limiting coronary 
stenosis with very high precision compared with invasive 
catheter angiography–derived fractional flow reserve.44 
Computed tomography–derived fractional flow reserve 
can be performed on standard CCTA images using dedi-
cated software to complete sophisticated analysis of the 
hemodynamic importance of coronary artery stenosis 
due to atherosclerotic plaque. Meta-analyses have dem-
onstrated sensitivity and specificity values for FFRCT 
in the ranges of 84% to 93% and 65% to 83%, respec-
tively (level I evidence).45-48 However, FFRCT is not cur-
rently widely available in Canada for clinical use but has 
become part of routine clinical practice at many cen-
tres in the United States. Even without the addition of 
FFRCT, CCTA has the highest negative predictive value 
of all of the conventional noninvasive investigations for 
stable chest pain, reported to be between 95% and 100% 
(level II evidence).45,46 Coronary computed tomography 
angiography also has the advantage of being the best 
test to identify patients with nonobstructive CAD, facili-
tating an opportunity to start optimal medical therapy 
(eg, lipid-lowering agents) to reduce the risk of future 
cardiovascular events. Disadvantages of CCTA include 
the requirement for intravenous injection of iodinated 
contrast agents that might be problematic for patients 
with substantial renal dysfunction, and exposure to ion-
izing radiation. Coronary computed tomography angi-
ography radiation doses have high variability between 
and within centres and depend on scan parameters and 
patient body habitus.49 However, with recent imaging 
protocols, radiation doses as low as 1.34 to 2.7 mSv can 
be achieved for CCTA compared with 10 to 15 mSv for a 
nuclear perfusion scan.49-51

Invasive diagnostic methods. Invasive catheter angiog-
raphy is the current reference standard for the investi-
gation of suspected CAD, but requires the insertion of a 
catheter and the injection of contrast material and ioniz-
ing radiation—typically at least twice the amount of radia-
tion associated with CCTA.52 As with CCTA, the functional 
information provided by fractional flow reserve to cath-
eter angiography has improved outcomes by decreasing 
the average number of stents required and the amount of 
contrast agent used.44 The usefulness of invasive catheter 
angiography is limited by its availability and its invasive 
nature, which bears risks of stroke, aortic and coronary 
artery dissection, allergic reaction, infection, nephropathy, 
cholesterol embolism, hematoma, arteriovenous fistula, 
and myocardial infarction.53

Applications. The approach to patients with stable 
chest pain has not been widely agreed upon, in part 
owing to changing technologies with limited ran-
domized controlled trial data.54 Currently, a variety of 

systems exist to stratify patients based on cardiovascu-
lar risk. These include systems such as the Framingham 
Risk Score, American Heart Association scoring, and 
the Reynolds Risk Score that calculate an individual’s 
risk of experiencing a cardiovascular event during the 
next 10 years based on the presence of cardiac risk fac-
tors.55 Other systems, such as the Diamond-Forrester 
risk model, evaluate an individual’s current pretest prob-
ability of having substantial CAD based on age, sex, and 
type of chest pain.55,56 

For those patients identified as low or intermediate 
risk, there are several diagnostic options with varying 
sensitivities and specificities reported in patient popu-
lations with stable chest pain and either known or sus-
pected CAD (Table 1).8,24-26,30,31,35,45,46,57-64 Several large 
clinical trials, including the PROMISE trial,38 have dem-
onstrated clinical equipoise between CCTA and other 
noninvasive methods, with no difference in outcomes at 
2 years.54 More recently, the United Kingdom’s National 
Institute for Health and Care Excellence guidelines sug-
gest CCTA be used as a first-line test in their public 
health care system for all patients with typical or atypi-
cal stable chest pain (level I evidence), including high-
risk populations.65,66 Coronary computed tomography 
angiography has the highest negative predictive value 
for ruling out disease in patients at low or intermediate 
risk and should be considered as the first-line investi-
gation strategy owing to its potential to reduce overin-
vestigation and time to diagnosis.40,67,68 The widespread 
use of CCTA supports preventive medicine, as its use-
fulness in detecting nonobstructive cardiovascular dis-
ease is important for prognostication and early initiation 
of optimal medical therapy. However, similar to CMR, 
access to timely CCTA might be limited depending on 
the location of practice.

Table 1. Performance of various imaging methods 
for patients with stable chest pain and either known 
or suspected CAD compared with invasive catheter 
angiography as the reference standard

METHOD
SENSITIVITY, 

%
SPECIFICITY, 

%
PPV,  

% 
NPV,  

%

GXT8,57,58 45-50 85-90 75 91

SE8,57-59 79-85 80-88 40 90

SPECT8,24-26,60 76-91 70-90 67 68

CMR30,31,61 79-91 80-92 77 91

CCTA8,35,45,46 78-91 31-68 44-64 95-100

FFRCT45,46,60,62-64 84-93 65-83 52-82 84-100

CAD—coronary artery disease, CCTA—coronary computed tomography 
angiography, CMR—cardiovascular magnetic resonance imaging, FFRCT—
computed tomography–derived fractional flow reserve, GXT—exercise 
electrocardiography, NPV—negative predictive value, PPV—positive pre-
dictive value, SE—stress echocardiography, SPECT—single-photon emis-
sion computed tomography.
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Conclusion
Approximately 30% of the general population will, in 
their lifetime, present to a primary care physician with 
a chief concern of chest pain.69 Despite the prevalence 
of chest pain among patients seeking care from their 
family physicians, the investigation of stable chest pain 
in patients at low or intermediate risk is a complicated 
and changing landscape owing to evolving technolo-
gies. This might be particularly true for female patients, 
for whom conventional functional testing might have 
lower accuracy. In this article, we summarized 6 avail-
able investigations for the workup of stable chest pain 
and highlighted some of the strengths and limitations of 
each. A comparative analysis of these options supports 
CCTA as a first-line test to rule out important CAD in 
low- or intermediate-risk patients to reduce overinves-
tigation and minimize delays in diagnosis, health care 
costs, and patient radiation exposure.     
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