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INVESTIGATING CHEST PAIN 

Understanding the Tests for Coronary Artery Disease and Atherosclerosis 

A guide from WA Cardiology explaining the available investigations, their strengths and limitations, and how 
the right test is chosen for you 

1.  Why Investigate Chest Pain? 

Chest pain and breathlessness on exertion can be caused by reduced blood flow to the heart muscle — a 
condition known as myocardial ischaemia, which results from narrowing of the coronary arteries by 
atherosclerosis (the build-up of fatty plaque). Investigating these symptoms has two key goals: to determine 
whether your symptoms are caused by coronary artery disease, and to assess how much heart muscle may 
be at risk. 

 

There is no single ‘best’ test for everyone. The most appropriate investigation depends on your symptoms, 
your risk profile, your body habitus, your kidney function, whether you are able to exercise, and what 
equipment is locally available. Your cardiologist will recommend the test that gives the most useful 
information for your individual situation with the least risk. 

 

Two Broad Types of Test 

Functional (‘stress’) tests — assess whether the heart muscle is receiving enough blood when it is 
working hard. These include exercise stress echocardiography, dobutamine stress echocardiography, 
and myocardial perfusion scanning. They detect the consequences of a narrowing (ischaemia). 
Anatomical tests — directly visualise the coronary arteries to see whether plaque or narrowing is 
present. These include CT coronary angiography (non-invasive) and invasive coronary angiography. 
They show the presence and extent of disease directly. 

2.  Exercise Stress Echocardiography 

Exercise stress echocardiography combines a treadmill (or exercise bicycle) test with ultrasound imaging of 
the heart. Images of the heart are taken at rest and then immediately after peak exercise. When a coronary 
artery is significantly narrowed, the segment of heart muscle it supplies does not contract as well during 
exercise, when its demand for blood is highest. By comparing the heart’s contraction at rest and at peak 
stress, the cardiologist can identify areas that become underperfused — a sign of a significant blockage. 

 

The test also provides valuable additional information: your exercise capacity, blood pressure and heart rate 
response to exertion, and whether your symptoms are reproduced during exercise. 

 

✓  Advantages ✕  Limitations 

• No radiation and no contrast dye — safe to 
repeat. 

• Provides functional information about 
exercise capacity and symptom 
reproduction. 

• Relatively low cost and widely available. 
• Assesses heart valve function and structure 

at the same time. 
• Useful in younger patients and women, in 

whom radiation avoidance matters most. 

• Requires the patient to be able to exercise 
adequately on a treadmill or bike. 

• Image quality can be limited in some patients 
(e.g. obesity, lung disease). 

• Operator-dependent — accuracy relies on 
the skill of the sonographer and reporting 
cardiologist. 

• Slightly lower sensitivity for detecting single-
vessel or mild disease than perfusion 
imaging. 
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3.  Dobutamine Stress Echocardiography 

Dobutamine stress echocardiography uses the same ultrasound imaging principle as exercise stress echo, 
but instead of physical exercise the heart is stressed pharmacologically using a medication called 
dobutamine, given through a drip. Dobutamine makes the heart beat faster and more forcefully, simulating 
the effect of exercise. The dose is increased in stages while continuous ultrasound images are recorded, 
allowing the cardiologist to detect any segments of heart muscle that fail to contract normally as the workload 
rises. 

 

This test is specifically designed for patients who are unable to exercise adequately — for example due to 
arthritis, peripheral arterial disease, frailty, lung disease, or other mobility limitations. 

 

✓  Advantages ✕  Limitations 

• No radiation and no iodinated contrast dye. 
• Ideal for patients who cannot exercise. 
• Assesses heart structure, valves, and 

muscle viability at the same time. 
• Can identify ‘hibernating’ (viable but 

underperfused) heart muscle. 

• Does not provide information on exercise 
capacity or fitness. 

• Dobutamine can cause palpitations, flushing, 
and (uncommonly) arrhythmias during the 
test. 

• Requires close monitoring and is 
contraindicated in some conditions (e.g. 
significant arrhythmia, severe hypertension). 

• Image quality remains operator- and patient-
dependent. 

 

4.  Myocardial Perfusion Scan (Nuclear Stress Test) 

A myocardial perfusion scan — also called a nuclear stress test, SPECT, or MIBI scan — uses a small 
amount of a radioactive tracer injected into a vein to measure blood flow to the heart muscle. Images are 
taken both at rest and after stress (either exercise or a pharmacological agent such as adenosine, 
dipyridamole, or regadenoson). Areas of heart muscle that receive less blood flow during stress than at rest 
indicate a significant coronary narrowing causing ischaemia. Areas that show reduced uptake at both rest 
and stress indicate scar tissue from a previous heart attack. 

 

Newer technology, including cardiac PET perfusion imaging, offers even higher accuracy and lower radiation 
doses where available. 

 

✓  Advantages ✕  Limitations 

• High accuracy for detecting ischaemia and 
quantifying how much muscle is at risk. 

• Distinguishes between reversible ischaemia 
and fixed scar tissue. 

• Pharmacological stress option for patients 
who cannot exercise. 

• Well-validated with extensive long-term 
outcome data. 

• Involves exposure to ionising radiation 
(though doses have fallen substantially with 
modern protocols). 

• Higher cost and less widely available than 
stress echocardiography. 

• Requires a radioactive tracer injection. 
• Can occasionally produce false positives due 

to artefact (e.g. breast or diaphragm 
shadowing). 

 

5.  CT Coronary Angiography (CTCA) 

CT coronary angiography is a non-invasive scan that uses a CT scanner and an injection of iodinated contrast 
dye to produce detailed three-dimensional images of the coronary arteries. Unlike the functional tests above, 
CTCA directly visualises the artery walls — showing both calcified (hard) and non-calcified (soft) plaque, and 
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the degree of any narrowing. A medication to slow the heart rate (usually a beta-blocker) is often given 
beforehand to improve image quality. 

 

CTCA is now recommended as a first-line test in many international guidelines for patients with stable chest 
pain and a low-to-intermediate likelihood of coronary disease. Its greatest strength is its very high negative 
predictive value: a normal CTCA effectively rules out significant coronary artery disease, often avoiding the 
need for any further testing. 

 

Beyond simply measuring the degree of narrowing, CTCA can quantify the total burden of plaque (overall 
plaque volume) and characterise its composition. It can identify features of ‘high-risk’ or ‘vulnerable’ plaque 
— such as low-attenuation (lipid-rich) plaque, positive remodelling, spotty calcification, and the napkin-ring 
sign. Both a high overall plaque volume and the presence of high-risk plaque features are independent 
predictors of future plaque rupture and acute myocardial infarction, meaning CTCA provides prognostic 
information that goes well beyond the degree of stenosis alone and can guide more intensive preventive 
therapy. 

 

It is important to be aware that CTCA has a general tendency to overestimate the severity of a narrowing, 
particularly in segments that are heavily calcified, where calcium ‘blooming’ artefact can make a stenosis 
appear more severe than it truly is. For this reason, a narrowing that appears significant on CTCA may 
sometimes require confirmation with a functional test or invasive assessment before any decision about 
treatment is made. 

 

✓  Advantages ✕  Limitations 

• Directly visualises coronary anatomy and 
plaque, not just its consequences. 

• Excellent at ruling out disease — a normal 
scan is highly reassuring. 

• Detects early non-obstructive atherosclerosis 
that functional tests miss, allowing earlier 
preventive treatment. 

• Quantifies total plaque volume and 
characterises plaque composition, identifying 
high-risk (vulnerable) plaque — both 
predictors of future heart attack. 

• Non-invasive with relatively low radiation 
using modern scanners. 

• Endorsed as first-line by NICE, ESC, and 
increasingly ACC/AHA guidelines for stable 
chest pain. 

• Requires iodinated contrast — caution in 
significant kidney impairment or contrast 
allergy. 

• Image quality reduced by very high or 
irregular heart rates, or heavy coronary 
calcification. 

• Tends to overestimate the severity of 
narrowings, especially when heavily calcified 
(calcium blooming). 

• Identifies that a narrowing exists but not 
always whether it is causing ischaemia — 
may require a further functional test or FFR-
CT. 

 

6.  Comparing the Non-Invasive Tests at a Glance 

The table below summarises the key practical differences between the main non-invasive investigations. 
Your cardiologist weighs these factors alongside your individual circumstances when recommending a test. 

 

Modality Radiation Cost Accuracy Best Suited For 

Exercise Stress Echo No Moderate ~80–85% Can exercise; no radiation 

Dobutamine Stress Echo No Moderate ~80–85% Cannot exercise 

Myocardial Perfusion Scan Yes Higher ~85–90% Detects ischaemia & scar 

CT Coronary Angiogram Yes (low) Moderate ~95–99%* Rules out disease; shows anatomy 

* CTCA accuracy figure refers to its very high ability to exclude significant disease (negative predictive value). Accuracy values are 
approximate and vary between studies and centres. 
 



 Dr Sam Tayeb   |   Cardiologist 

This information sheet is for general educational purposes only. Please discuss your individual management with your cardiologist. 

7.  Invasive Coronary Angiography — Why It Is Rarely the First Test 

Invasive coronary angiography (ICA) is often regarded by patients as the ‘gold standard’ test for the coronary 
arteries, and it does provide the most detailed direct images of any narrowings. During the procedure, a thin 
catheter is passed from an artery in the wrist (radial) or groin (femoral) up to the heart, and contrast dye is 
injected directly into the coronary arteries while X-ray images are taken. A major advantage is that, if a 
significant blockage is found, it can often be treated in the same sitting with a stent (angioplasty). 

 

However, because it is invasive, ICA carries small but real risks that the non-invasive tests do not. For this 
reason, current guidelines recommend it is reserved for situations where the likelihood of significant disease 
is high, or where a non-invasive test has already indicated a problem that needs treatment. It is rarely the 
appropriate first investigation for stable, low-to-intermediate-risk chest pain. 

Risks of Invasive Coronary Angiography 

Although serious complications are uncommon in experienced centres, the procedure carries risks not 
present with non-invasive testing: 

• Bleeding, bruising, or damage to the artery at the access site (wrist or groin): the most common 
complication. 

• Serious complications — heart attack, stroke, or death — occur in well under 1 in 1,000 
elective cases, but are not zero. 

• Kidney injury from the contrast dye, particularly in those with pre-existing kidney impairment or 
diabetes. 

• Allergic or other reactions to the contrast dye. 
• Exposure to ionising radiation, and the need for an arterial puncture with a short recovery 

period. 

 

There is also a clinical reason beyond procedural risk. Landmark trials — including the ISCHEMIA trial (2019), 
and the earlier COURAGE and BARI-2D trials — have shown that for stable coronary artery disease, opening 
a narrowing with a stent does not reduce the risk of future heart attack or death compared with optimal 
medical therapy. Finding and stenting a narrowing simply because it is there does not improve survival in 
stable disease. This evidence has shifted practice firmly towards non-invasive testing first, reserving invasive 
angiography for those who genuinely stand to benefit from it. 

 

When IS Invasive Coronary Angiography Indicated? 
Guidelines from the European Society of Cardiology (ESC), the American College of Cardiology / American 
Heart Association (ACC/AHA), and NICE consistently identify the following evidence-based indications where 
invasive angiography (with a view to possible treatment) is the appropriate choice: 
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Evidence-Based Indications for Invasive Coronary Angiography 

1.  Acute coronary syndromes 
Patients presenting with a heart attack (STEMI or higher-risk NSTEMI) or unstable angina require 
prompt or urgent invasive angiography, as timely opening of a blocked artery is life-saving and clearly 
reduces death and further heart damage. 

2.  High-risk findings on non-invasive testing 
When a stress test or CTCA demonstrates a large area of heart muscle at risk, severe ischaemia, or 
high-risk anatomy (such as significant left main stem disease or severe three-vessel disease), invasive 
angiography is indicated to define the disease and guide revascularisation (stent or bypass). 

3.  Persistent or limiting symptoms despite optimal medical therapy 
When chest pain (angina) significantly limits quality of life and continues despite well-managed 
medications, invasive angiography is appropriate to identify a narrowing that could be treated to relieve 
symptoms. 

4.  Diagnostic uncertainty after non-invasive testing 
When non-invasive tests are inconclusive, contradictory, or cannot be performed reliably, and there 
remains a strong clinical suspicion of significant coronary disease, invasive angiography may be 
required to reach a definitive answer. 

5.  Pre-operative assessment in selected cases 
Before major cardiac surgery (such as heart valve surgery), invasive angiography is often performed to 
map the coronary arteries so that any necessary bypass can be planned at the same operation. 
In modern practice, invasive angiography is increasingly paired with physiological assessment (such as 
fractional flow reserve, FFR) to confirm that a narrowing is genuinely flow-limiting before any stent is placed 
— ensuring treatment is reserved for narrowings that truly matter. 

Key Messages to Take Home 

Here is what matters most about investigating chest pain: 

• There is no single best test — the right investigation depends on your symptoms, risk, 
body type, kidney function, and whether you can exercise. 

• Functional tests (stress echo, perfusion scans) detect the consequences of a narrowing; 
anatomical tests (CTCA) show the arteries directly. 

• CTCA is now a preferred first-line test for many patients with stable chest pain because a 
normal scan reliably rules out significant disease. 

• Invasive coronary angiography is rarely the first test. It carries small but real risks and, 
in stable disease, stenting a narrowing does not improve survival over good medical 
therapy. 

• Invasive angiography is reserved for acute coronary syndromes, high-risk non-invasive 
findings, limiting symptoms despite medication, and diagnostic uncertainty. 

 

8.  Useful Resources 

• Heart Foundation Australia: www.heartfoundation.org.au 
• Heart Foundation Heart Help Line: 1300 36 27 87 
• 2019 ESC Guidelines on Chronic Coronary Syndromes (for health professionals): www.escardio.org 
• NICE Guideline CG95 — Chest pain of recent onset (for health professionals): www.nice.org.uk 
• Cardiac Rehabilitation: Ask your cardiologist or GP for a referral to your nearest programme. 

 

This patient information sheet has been prepared by Dr Sam Tayeb, WA Cardiology, for educational purposes. It is not 
a substitute for personalised medical advice. Please discuss your individual results, medications, and management 

plan with your cardiologist. 


