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The approach to patients with possible

cardiac chest pain

hest pain is a confronting symptom for patients and

clinicians alike. Some patients presenting with chest

pain will have serious acute illness with a high short-
term risk of mortality, but this will be excluded in most
patients. Chest pain is one of the most common causes of
attendance at hospital emergency departments (EDs) and a
frequent cause of presentations to general practice.! Missed
diagnosis, with associated adverse outcomes, can occur when
chest pain assessment is based on clinical features alone.?

Regardless of the clinical setting, a stepwise approach
should be applied to patients with chest pain (Box 1). In the
absence of trauma, the primary focus should be exclusion of
four potentially fatal conditions: acute coronary syndrome
(ACS; encompassing acute myocardial infarction and
unstable angina), pulmonary embolism, aortic dissection
and spontaneous pneumothorax. ACS is by far the most
common of these. All these conditions may present without
immediately obvious physical signs, but the latter three may
be accurately excluded by rapid diagnostic testing (predom-
inantly medical imaging). However, ACS is more challeng-
ing as it cannot be readily excluded with an acceptable level
of accuracy on initial clinical evaluation or with a single
investigation. After excluding these conditions, attention
should be turned to chronic but serious conditions that may
require additional evaluation, such as stable coronary artery
disease or aortic stenosis. Next, non-life threatening condi-
tions that may benefit from specific therapy (eg, herpes
zoster, gastro-oesophageal reflux) should be considered. If
the clinician is confident that all these causes have been
excluded, the patient can be reassured that the chest pain is
due to an insignificant cause.

Here, we focus on several evolving areas relating to the
assessment of patients with possible cardiac chest pain,
including risk stratification, cardiac biomarkers and the role
of non-invasive testing for myocardial ischaemia and coro-
nary artery disease. This article is aimed at all clinicians who
assess patients with acute, undifferentiated chest pain. It is
not a systematic review, but we have directed the reader
towards these where appropriate.

There is a dichotomy in the assessment of patients with
possible ACS. First, early and accurate identification of
patients with ST-segment-elevation myocardial infarction
(STEMI) enables provision of emergency reperfusion ther-
apy, which has a major impact on outcome, while accurate
identification of patients with other types of ACS (non-ST-
segment elevation myocardial infarction [NSTEMI] or
unstable angina) allows for early initiation of targeted treat-
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Chest painisa common reason for presentationin hospital
emergency departments and general practice.

Some patients presenting with chest pain to emergency
departments and, to a lesser extent, general practice will
be found to have a life-threatening cause, but most will
not. The challenge is to identify those who do in a safe,
timely and cost-effective manner.

An acute coronary syndrome cannot be excluded on
clinical grounds alone.

In patients with ongoing symptoms of chest pain,
without an obvious other cause, ST-segment-elevation
myocardial infarction should be excluded with a 12-lead
electrocardiogram at the first available opportunity.
Significant recent advances in the clinical approach

to patients with acute chest pain, including better
understanding of risk stratification, increasingly sensitive
cardiac biomarkers and new non-invasive tests for
coronary disease, can help clinicians minimise the risk

of unexpected short-term adverse cardiac events.

An approach that integrates these advances is needed to
deliver the best outcomes for patients with chest pain. All
hospital emergency departments should adopt such a
strategic approach, and general practitioners should be
aware of when and how to access these facilities.

ment known to improve outcomes in these groups. Second,
accurate exclusion of myocardial ischaemia in patients with
chest pain is essential to minimise the morbidity and mor-
tality associated with missed diagnoses, while avoiding
unnecessary overinvestigation in those without the disease.
However, assessment is complex because of the diversity of
clinical presentations of ACS and the lack of a single
diagnostic test for the entire spectrum of disease.

Despite recognition that clinical systems are imperfect, a
high degree of safety in chest pain assessment processes is
demanded. A recent large survey of emergency physicians
suggests that the target rate of unexpected adverse out-
comes in patients with a negative chest pain assessment
should be < 1% at 30 days;” this target is likely to be equally
stringent in primary care. Achieving this level of safety in a
timely and cost-effective fashion in an era of increasing
demand on acute services presents challenges. This must be
considered when the potential value and safety of new
developments are assessed.

Most current diagnostic strategies for acute chest pain focus
on the identification of ACS and are based on the premise



1 A pragmatic differential diagnosis of non-traumatic
chest pain*
Life-threatening diagnoses that should not be missed:
Acute coronary syndrome
Acute myocardial infarction
Unstable angina pectoris
Acute pulmonary embolism
Aortic dissection
Spontaneous pneumothorax
Chronic conditions with an adverse prognosis that require
further evaluation:
Angina pectoris due to stable coronary artery disease
Aortic stenosis
Aortic aneurysm
Lung cancer
Other acute conditions that may benefit from specific
treatment:
Acute pericarditis
Pneumonia or pleurisy
Herpes zoster
Peptic ulcer disease
Gastro-oesophageal reflux
Acute cholecystitis

Other diagnoses:
Neuromusculoskeletal causes
Psychological causes

*This differential diagnosis is not intended to be exhaustive. *

that other obvious diagnoses have been excluded with
accurate clinical assessment.

Systematic reviews of the diagnostic value of clinical fea-
tures in the assessment of chest pain have largely been carried
out in hospital settings,* where the prevalence of serious
disease is higher than in general practice. It is widely under-
stood that no single clinical feature or combination of features
can be used to exclude ACS with sufficient sensitivity to
obviate the need for further investigation. Thus, a strategic
approach based on clinical risk stratification, a period of
observation, electrocardiography and serial biomarker evalua-
tion has emerged. In all settings, a 12-lead electrocardiogram
(ECG) should be performed immediately in patients present-
ing acutely with chest pain to exclude ST-segment-elevation.

In general practice, the aim should be to differentiate
patients who require urgent hospital-based assessment for
possible ACS from those with more stable symptoms who
may be investigated on an outpatient basis. Limited access
to investigations encourages the use of clinical judgement or
clinically based decision rules to triage patients who can
continue to be managed safely in primary care. Several such
decision rules exist, but with limited validation for use in
primary care. Despite the lower prevalence of coronary
disease in patients presenting with chest pain in primary
care, the same limitations found in hospital-based cohorts
apply to the value of clinical assessment. A recent well
conducted Swedish study concluded that the accuracy of
clinical assessment of chest pain by general practitioners
was high, but insufficient to safely rule out coronary artery
disease.’ Clinicians in general practice should refer patients
promptly to hospital for assessment when features suggest-
ing a diagnosis of ACS are present (Box 2).

The value of further investigation in general practice of
patients with an acute onset or ongoing symptoms is
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2 Case vignette

A 66-year-old man calls his general practitioner for advice. He has been treated for type 2
diabetes and primary prevention of cardiovascular disease for about 5 years. He calls from
the airport where he is due to board an interstate flight but is concerned because he
experienced 20 minutes of “burning” central chest discomfort while walking into the
airport. He has had similar self-limiting symptoms with exertion for 4 weeks. During this
time, he underwent upper gastrointestinal endoscopy that was unremarkable.

Comment: Even with the limited information available from a telephone call, and despite
the atypical description of the chest pain, this patient exhibits several features suggestive
of intermediate risk for an acute coronary syndrome.® As such, he should be advised to
attend hospital for assessment of chest pain without delay.

The patient is reviewed in the emergency room, where he has an unremarkable
electrocardiogram and a cardiac troponin | level of 0.01ug/L on admission, and 0.02 ug/L
6 hours and 25 minutes later (99th percentile of a healthy reference population,

0.04 ug/L). After the second troponin measurement, an exercise stress echocardiogram is
strongly positive at a low workload, with reproduction of the index symptoms at < 50% of
the predicted workload and evidence of reversible ischaemia in the territory of the left
anterior descending coronary artery. He has cardiac catheterisation the same day and is
found to have a critical stenosis of the mid left anterior descending artery, which is treated
with percutaneous coronary intervention and deployment of a drug-eluting stent. He
makes an uneventful recovery, with normal left ventricular function. *

limited, given that a normal ECG cannot exclude a signifi-
cant short-term risk of an adverse outcome, and serial
biomarker testing is required to exclude myocardial infarc-
tion. Nevertheless, in all settings, the resting ECG has a
critical role in identifying patients with ST-segment eleva-
tion who require emergency reperfusion therapy. Patients
with suspected ACS and ongoing pain, pain within the past
12 hours that has resolved but with an abnormal ECG, or
other high-risk features (Box 3) should be referred to hospi-
tal as an emergency. Given the release kinetics of troponin, a
single troponin test may have value in assessing patients
with a normal ECG and no high-risk features who present
more than 12 hours after resolution of symptoms suggestive
of ACS. In such cases, appropriate mechanisms must be in
place for prompt review of results and referral to hospital
where necessary. If these facilities are unavailable, patients
should be referred to the ED for same-day chest pain
assessment.

Demographic and cardiovascular risk factors, such as age
and sex, influence population risk of disease but should not
unduly influence the assessment of individual patients. In
the absence of a clear alternative diagnosis, most patients
will require additional investigation to exclude coronary
artery disease, and the critical decision is usually not
whether, but with what urgency, this should be undertaken.
In some countries, rapid-access chest pain assessment clin-
ics offering early assessment of patients (usually within 14
days) have become an integral part of strategies for chest
pain assessment as an alternative to ED-based assessment.®
However, these have not been widely implemented in
Australia, and all acute care facilities with an ED should
have an evidence-based strategic approach to assessing
patients with chest pain.

Patients should be stratified as being at low, intermedi-
ate or high risk of short-term adverse outcomes in the
context of possible ACS, in line with the joint guidelines of
the National Heart Foundation and Cardiac Society of
Australia and New Zealand (NHF/CSANZ) stratifying
patients with ACS (Box 3).° This model has performed well
in the ED setting, with 30-day risks of adverse cardiac
outcome of 0, 7% and 26% in these risk strata, respectively,
when the criteria were strictly applied in one cohort.” Risk
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3 Features associated with high risk, intermediate risk and low risk of adverse short-
term outcomes in patients presenting with chest pain due to possible acute
coronary syndrome

High risk
Presentation with clinical features consistent with acute coronary syndrome (ACS) and
any of the following features:
Repetitive or prolonged (> 10 minutes) ongoing chest pain or discomfort
Elevated level of at least one cardiac biomarker (troponin recommended)
Persistent or dynamic electrocardiographic changes of ST-segment depression
= 0.5mm or T-wave inversion =2 mm
Transient ST-segment elevation of = 0.5 mm in more than two contiguous leads
Haemodynamic compromise
Sustained ventricular tachycardia
Syncope
Significant left ventricular (LV) dysfunction (LV ejection fraction < 40%)
Prior percutaneous coronary intervention within 6 months or prior coronary artery
bypass surgery
Presence of diabetes or chronic kidney disease (estimated glomerular filtration rate
< 60 mL/minute) and typical symptoms of ACS

Intermediate risk
Presentation with clinical features consistent with ACS and any of the following
features, without high-risk features:
Chest pain or discomfort within the past 48 hours that occurred at rest, or was
repetitive or prolonged (but currently resolved)
Age > 65 years
Known coronary artery disease
Prior aspirin use
Two or more of: hypertension, family history, current smoking, hyperlipidaemia
Presence of diabetes or chronic kidney disease and atypical symptoms of ACS

Low risk
Presentation with clinical features consistent with ACS without intermediate-risk or
high-risk features. This includes onset of anginal symptoms within the past month, or
worsening in severity or frequency of angina, or lowering of anginal threshold.

* Adapted from Box 8 in the National Heart Foundation of Australia and Cardiac Society of Australia
and New Zealand Guidelines for the management of acute coronary syndromes 2006.° Copyright 2006
The Medical Journal of Australia. Used with permission. *

stratification models may have greater utility in the ED,
where the prevalence of ACS is about 10% (compared with
primary care, where rates are lower) and where facilities to
further assess patients at increased risk are readily avail-
able. The main limitation of this risk stratification model is
that few patients qualify as low risk when the criteria are
strictly applied. Alternative approaches include the
Thrombolysis in Myocardial Infarction (TIMI) score, the
Global Registry of Acute Coronary Events (GRACE) score
and the GRACE Freedom-from-Event score.®’ These
models, derived from higher-risk populations, were not
designed to identify low-risk patients who do not require
detailed assessment for exclusion of ACS. Consequently,
none can be relied on to identify patients who can be safely
discharged from the ED without some period of observa-
tion and additional investigation. Nevertheless, risk strati-
fication is essential to guide the appropriate use of
resources based on pretest probability of ACS.

Cardiac troponin levels have a central role in the diagnosis
of acute myocardial infarction.'® After exclusion of ST-
segment elevation and dynamic ST-segment electrocardio-
graphic changes, serial biomarker testing identifies the
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remaining patients with acute myocardial infarction. Proto-
cols for the use of serial troponin measurements have
largely been based on release kinetics in experimental con-
ditions and have tended to require waiting 6-8 hours (or
longer) after presentation for the second test. Recent
advances in high-sensitivity assays that allow a much
shorter interval of 2 hours before the second test and
incorporation of serial biomarker levels into overall risk
stratification models (Box 4) have demonstrated safe accel-
erated processes with robust clinical outcome data.'"!?
These approaches have yet to be incorporated into clinical
guidelines, but almost certainly will be in the foreseeable
future.

Troponin levels are considered abnormal when they
exceed the 99th percentile of a healthy reference population
using an assay with sufficient accuracy at this level (<10%
coefficient of variation). In practice, few available assays
have possessed sufficient accuracy at this level.!® The recent
development of high-sensitivity assays with this level of
accuracy and lower levels of detection allows measurable
troponin levels to be recorded in most of the healthy
population. These assays offer the promise of being able to
rule out acute myocardial infarction earlier than was possi-
ble with less sensitive assays, as well as further acceleration
of risk stratification models, but with the probable cost of
diminished specificity.!* This will require clinicians to have a
better understanding of the causes of elevated troponin
levels and the kinetics of troponin release at these new
lower levels of detection, possibly by incorporating values
expressing change or “delta” troponin.'® The use of delta
troponin values has been incorporated into the 2011 adden-
dum to the NHF/CSANZ guidelines, but the evidence for
the best approach is still emerging.'® Tt is imperative that
clinicians have a clear understanding of the characteristics of
the local troponin assay used, as reference intervals are not
transferable between different troponin assays.

In two groups of patients — those who present with
symptoms of ACS and in whom myocardial infarction has
been excluded, and those with a stable pattern of chest pain
symptoms in whom angina cannot be excluded — addi-
tional testing is required to identify those who have prog-
nostically important coronary artery disease or unstable
angina. This is an area where well established diagnostic
tests exist alongside more recent developments, such as
computed tomography coronary angiography (CTCA). The
anatomical and pathophysiological bases for these tests are
not interchangeable, with some depending on the detection
of abnormal coronary blood flow (myocardial perfusion
scanning) or myocardial ischaemia (stress electrocardiogra-
phy and stress echocardiography), while invasive angiogra-
phy and CTCA demonstrate the anatomical basis of
coronary artery disease. Each investigation has different
limitations depending on patient factors and the need for
contrast media and ionising radiation, and the availability of
each may depend on access, cost and local expertise (Box 5).

Non-invasive testing for myocardial ischaemia or coro-
nary artery disease is of most value to patients with interme-



4 A proposed algorithm, incorporating an accelerated
diagnostic protocol,* for assessment of possible cardiac
chest pain after exclusion of ST-segment elevation on
initial ECG

Possible cardiac
chest pain

v

High-risk

NHF/CSANZ features Management

risk stratification > according to ACS
guidelinest
No high-risk ¢
features
2-hour High—risk
observation, troponin ~ features
measurement
and ECGs

No high-risk
features ¢

TIMI score > 0

Further investigation to
exclude myocardial
ischaemia and
obstructive coronary
artery disease

TIMI score _—>

TIMI score = O ¢

Discharge for further
management in
outpatient department
or primary care

NHF/CSANZ = National Heart Foundation and Cardiac Society of
Australia and New Zealand. ACS = acute coronary syndrome.

ECG = electrocardiogram. TIMI = Thrombolysis in Myocardial Infarction.

* Based on the ADAPT study." + NHF/CSANZ Guidelines for the
management of acute coronary syndromes 2006.° *

diate pretest probability of an ACS. In patients with very low
risk of coronary artery disease who have symptoms of non-
ischaemic pain, other causes of chest pain should be actively
excluded before investigations for myocardial ischaemia or
coronary atheroma are considered. Similarly, it may be futile
to embark on non-invasive testing (with an attendant risk of
a false negative result) in a patient with typical symptoms
and a very high risk of coronary artery disease. In such cases,
prompt specialist referral for consideration of an early inva-
sive strategy should be the first step.

Investigations may identify the presence or effects of
coronary artery stenosis but, where this cannot be achieved,
a broader aim is to further refine risk stratification to identify
patients at low risk of an adverse outcome after discharge
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from the hospital or ED. Exercise stress electrocardiography
has become largely obsolete as a means of diagnosing
reversible myocardial ischaemia, due to insufficient diagnos-
tic accuracy, but it retains a well established role in identify-
ing patients with chest pain who can safely be discharged
from the ED.'!® Exercise stress electrocardiography may be
limited by patients” inability to exercise at an adequate level,
non-specific electrocardiographic changes (particularly in
the setting of an abnormal resting ECG), and false positive
results, but it remains attractive by virtue of its low cost and
widespread availability.

The combination of cardiac imaging with exercise or
pharmacological stress testing can increase accuracy beyond
electrocardiography alone (Box 6).!%! In the United States
and Europe, cardiac magnetic resonance imaging has
emerged as a safe, non-ionising and more accurate alterna-
tive to nuclear perfusion scanning, but it remains predomi-
nantly a research tool in Australia.®

CTCA is the most rapidly evolving test for assessing
patients with chest pain and is the most sensitive non-
invasive test for identifying coronary artery disease.” Recent
studies have shown that this technique allows patients to be
safely discharged from the ED.** A CTCA-based strategy
may also be faster than other strategies, particularly when
these rely on hospital admission for myocardial perfusion
scanning.**?® However, this finding is of limited value in
Australia, where myocardial perfusion scanning has not
been the principal investigation for chest pain assessment.

It is important to recognise some limitations of CTCA.
Elevated heart rate, coronary calcium and obesity all impair
image quality. The use of iodinated contrast media is risky in
patients with renal impairment or in those taking met-
formin. In the widely cited Coronary Computed Tomo-
graphic Angiography for Systematic Triage of Acute Chest
Pain Patients to Treatment (CT-STAT ) trial, only 11% of the
patients screened met the study’s inclusion criteria.”® Early
studies suggested that CTCA should not be performed until
after a second troponin measurement, as myocardial infarc-
tions caused by moderate, rather than severe, coronary
stenoses could potentially be missed.?® This emphasises that
the strength of CTCA lies in excluding coronary atheroma.
Furthermore, in the presence of known coronary artery
disease, functional testing for ischaemia may be a more
appropriate choice of investigation.”

Some centres perform CTCA with a total radiation dose of
<1mSy, but in most centres, using general CT scanners

5 Features of non-invasive tests available for further risk stratification of patients with chest pain, after excluding acute myocardial infarction

Procedural considerations

Relative contraindications*

lodinated Inability to Significant resting Renal Severe airway
Condition and test Cost!  Radiation contrastmedia exercise ECG abnormality¥  impairment Obesity disease
Myocardial ischaemia or perfusion
Exercise stress electrocardiography $ No No Yes Yes No Yes Yes?
Stress echocardiography $$ No No No* Yes No Yes No?
Myocardial perfusion scanning $%% Yes No No* No No Yes Yes?k
Obstructive coronary artery disease
Computed tomography coronary angiography $$ Yes Yes No No Yes Yes No

ECG = electrocardiogram. * Relative contraindications should be discussed further for individual patients. T Relative cost indications are based on current Medicare rebates. 1 For
example, left bundle branch block. ¢ If there is significant functional impairment. 4 If pharmacological stress testing can be performed. ** Adenosine is contraindicated.
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6 Representative performance characteristics of non-invasive tests to identify

1 Nawar EW, Niska RW, Xu J. National Hospital Ambulatory Medical Care
Survey: 2005 emergency department summary. Adv Data 2007; (386):

myocardial ischaemia or obstructive coronary artery disease in patients with chest pain 1-32.

Test

Sensitivity

2 Pope JH, Aufderheide TP, Ruthazer R, et al. Missed diagnoses of acute

Specificity cardiac ischemia in the emergency department. N Engl J Med 2000;

Exercise stress electrocardiography?' 68% 77% 342:1163-1170.
) 3 Than M, Herbert M, Flaws D, et al. What is an acceptable risk of major
20 o o
Stress echocardiography gk e adverse cardiac event in chest pain patients soon after discharge from
Exercise stress myocardial perfusion scanning'® 85%-90% 70%-75% the emergency department? A clinical survey. Int J Cardiol 2013; 166:
Computed tomography coronary angiography?2 99% 89% 152754,

without modern dose-reduction equipment, the total dose
is likely to be significantly higher. Patients presenting to the
ED, where there is an imperative to achieve a diagnostic
study regardless of heart rate, may receive 10 mSy, although
this is still lower than in most myocardial perfusion scans.*®
There is now strong evidence that CT radiation can induce
cancer.”’ As CTCA could potentially be applied to more
than 60% of patients presenting with chest pain in Aus-
tralia, it is appropriate to remember that other tests are
available and that CTCA has not yet demonstrated superi-
ority in this setting. Nevertheless, CTCA is likely to become
an increasingly important tool for ruling out significant
coronary artery disease in patients with chest pain. Ongoing
large clinical trials, such as the Prospective Multicenter
Imaging Study for Evaluation of Chest Pain (PROMISE),®
should provide more definitive evidence in this area. Cur-
rently, Medicare regulations limit rebates to specialist refer-
ral for CTCA, and a robust system of credentialling has been
introduced as a quality control measure.

Complex tests need to be appropriately incorporated into
an overall strategy of risk-based chest pain assessment,
integrating safe, accessible and cost-effective techniques
that can accommodate the broadest range of patient pres-
entations and comorbidities.

Chest pain is a common presenting symptom with many
diagnostic challenges and pitfalls. Medicopolitical impera-
tives such as the National Emergency Access Target render
the situation more complicated still. Both technology and
the evidence base guiding the approach to the problem
have developed considerably since the NHF/CSANZ first
commissioned guidelines in this area in 2000. Clinicians can
now benefit from a better understanding of risk stratifica-
tion and enhanced diagnostic tools that make excluding
avoidable short-term adverse events with a high degree of
accuracy a realistic proposition. The challenge remains to
implement these advances as widely as possible in an
environment of constrained resources and increasing
demand. This will be best achieved by an approach that
integrates the technology and evidence into a comprehen-
sive but straightforward and accessible strategy.
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