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Chest pain is a common presentation to Accident and Emergency departments (AED). There are
many causes ranging from the most trivial, an example of  which is costochondritis to the life-threatening
examples such as acute myocardial infarction (AMI). It is not uncommon for acute myocardial infarction
to present as atypical chest pain or discomfort, or non-diagnostic electrocardiogram (ECG). The various
common diagnostic methods for AMI in patients with atypical chest pain are reviewed and a suggested
protocol for managing patient with chest pain of  obscure origin at AED is presented. The recent
introduction of  rapid bedside troponin assay is likely to bring a major impact on the management of
atypical chest pain in future. (Hong Kong j.emerg.med. 2000;7:148-156)
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Introduction

According to the World Health Organization's
(WHO) definition, the diagnosis of  myocardial
infarction (MI) is based on the presence of  at least
two of  the following three criteria: (1) a clinical
history of  ischaemic-type of  chest discomfort, (2)
electrocardiographic changes on serially obtained
tracings, and (3) a rise and fall in serum cardiac
markers.1

There are numerous causes of  chest pain ranging
from benign conditions, such as costochondritis to
life-threatening diseases such as acute myocardial
infarction. Unfortunately, certain subgroups of
patients are known to present with unusual
symptoms of  acute MI.  Thus, women often
exper ience  a t yp i ca l  i s chaemic - t ype  ches t
discomfort,2 while the elderly are more likely to
present with the nonspecific symptoms like

dizziness or weakness, or dyspnoea with no pain at
all  unl ike the younger pat ients. 3 Physicians
evaluating chest pain patients in the AED therefore
not only face the challenge of  having to avoid
unnecessary admissions but also minimising the
n u m b e r  o f  p a t i e n t s  d i s c h a r g e d  h o m e
inappropriately. With the advent of  reperfusion
therapy in AMI, there is a desire to minimise the
door- to-needle t ime for  administ rat ion of
thrombolytic agents. In some instances, a primary
PTCA is needed and a rapid triage to the cardiac
catheterisation laboratory is important. Therefore,
there is a clear need for better methods of  prompt
identification of  patients experiencing an acute MI
as accurately and as quickly as possible.

There is great variability in reported symptoms
among patients with acute myocardial ischaemia.
The traditional diagnostic tools, history and physical
examination, were shown to fail in providing
adequate data to accurately distinguish patients with
acute myocardial ischaemic syndromes from those
with more benign causes.4 Studies have shown that
2 to 5% of  A&E patients with AMI are inadvertently
discharged home.5-8

In the following discussion, the diagnostic values
of  ECG, serum cardiac markers, and other tests
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(echocardiography, myocardial scintigraphy and
exercise stress test) are reviewed, followed by a
suggested protocol on early recognition of  atypical
AMI patients and management of  patients with low
risks of  acute cardiac events.

It cannot be overemphasised that there are other
serious causes of  chest pain such as aortic dissection
and acute pulmonary embolism, which have to be
considered and excluded on clinical grounds with
reasonable confidence before this protocol can be
applied.

The value of  ECG

It is important to remember that the ECG and a
history of  ischaemic-type chest discomfort remain
the primary methods for screening patients for
m y o c a r d i a l  i s c h a e m i a  a n d  i n f a r c t i o n . 9

Unfortunately, in patients with ischaemic-type chest
discomfort, ST-segment elevation on the ECG has
a specificity of  91% but a sensitivity of  only 46%
for diagnosing acute MI.10 Another study also
showed that ECG is initially non-diagnostic in up
to 50% of  AMI patients presenting to the A&E.11

In a study by McGarthy et al12 of  1050 patients with
AMI, 1.9% were missed and discharged home. Of
this group of  patient, 25% had ST elevation on the
ECG (and were missed), 35% were discharged with
diagnosis of  ischaemic heart disease. 25% of  missed
AMI patients were dead or suffered potentially lethal
complications. These missed AMI cases were less
likely than admitted AMI patients to have a history
of  AMI or nitroglycerine use. In fact, only 30% of
missed AMI had normal or non-specific ECG
changes, and this suggests that either the ECG
changes were misread, leading to erroneous
discharge, or perhaps in the context of  a negative
past history, the impact of  the ECG changes was
minimised. The authors concluded that 25% of
missed AMI patients might have been prevented by
correctly interpreting the ECG. An additional 25%
of  missed AMI patients might have been prevented
by not discharging patients with symptoms believed
to be due to ischaemic heart disease.

Initial errors in ECG interpretation can result
in up to 12% of  patients being categorised

inappropr i a t e l y  ( ST  e l eva t ion  ve r sus  no
elevation).9 Thus, the computer interpretation
should be read with respect and senior or expert
advice should be sought in uncertain cases.

On the other hand, serial ECG, obtained at least
every 20 minutes during ED evaluation, was found
in a study to be more sensitive than the initial ECG
for detection of  AMI (68% versus 55.4%; P<
0.0001).13 In this study, serial ECG detected injury
in an additional 16.2% of  AMI patients whose initial
ECG were non-diagnostic. Therefore, in patients
with chest pain where AMI cannot be excluded,
another ECG should be repeated every 20 minutes.
On the other hand, since the mean time from the
onset of  monitoring until diagnostic serial ECG was
28.9±35.9 minutes, at least four 12 lead ECG
tracings should be done within the first hour of
presentation: 0 minute, 20 minutes, 40 minutes, and
60 minutes.

However, it should be noted that 20.1% of  AMI
still occurred in patients who had no changes even
on serial ECG.13 Therefore, the serial ECG is only
of  value if  it is positive. The absence of  changes on
serial ECG does not preclude life-threatening acute
coronary syndromes and other clinical data and tests
must be considered in order to determine the need
for hospital admission and treatment. In this
regard, decision aids such as high-risk clinical
indicators,14,15 rapid determination of  cardiac serum
markers,16,17 two-dimensional echocardiogram
screening for regional wall motion abnormalities,18

myocardial perfusion imaging,19 and computer-based
diagnostic aids20,21 have been proposed in patients
in whom the ECG is non-diagnostic.  However, in
the local emergency departments (ED) setting, only
serum cardiac markers are available easily.

The role of  serum cardiac markers

The most common ones are CK, CK-MB, cardiac
troponin T (cTnT), cardiac troponin I (cTnI), and
serum myoglobin.

Although ST-segment elevation and/or Q waves on
the ECG are highly indicative of  MI, about 50% of
patients with MI do not exhibit ST elevation11,22 but
display other or non-diagnostic ECG changes.23
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Thus, for the majority of  patients, serum cardiac
markers are useful for confirming the diagnosis of
MI when patients present without ST elevation,
when the diagnosis may be unclear, and when the
doctor must distinguish patients with unstable
angina from those with a non-Q-wave MI.9 The
laboratory therefore plays an essential role in
establishing the diagnosis of  MI.

For patients presenting within the first two or three
hours of  symptom onset, the two markers most
appropriate for the early diagnosis of  AMI are
myoglobin and CK-MB subforms. However, these
two tests are not available in the local hospital
laboratories as urgent tests.

The CK-MB
It has been documented that normal total CK levels
may mask the diagnosis of  MI among patients with
elevated CK-MB isoenzyme levels.24-26 On the other
hand ,  AED measurement  of  the  CK-MB
concentration has been shown to be able to identify
AMI in low-risk patients in whom the diagnosis
would otherwise have been missed.27,28 Other studies
have also shown that CK-MB measurements
performed on presentation at the Emergency
departments and at 2 hours were predictive of
'potent ia l ly  l i fe- threatening cardiovascular
complications'.29  Unfortunately, in most hospitals
in Hong Kong, the CK-MB is not done unless the
total CK is raised and it takes one hour for urgent
CK level and up to 24 hours for CK-MB result to be
available. This inevitably makes the CK-MB not
readily available for early detection of  AMI in
patients with non-diagnostic ECG findings.
Notwithstanding these limitations, and in the
absence of  a better alternative until now, total CK
level still retain its role as a baseline initial screening
test and should therefore be checked first.

Bearing in mind the kinetic properties of  CK inside
the body, the timing of  checking CK in relation to
the onset of  chest pain is important in the
interpretation of  the results.  In a study of  616
patients with chest pain by Gibler  and his
colleagues,30 CK-MB levels were checked on
presentation at Emergency departments and hourly
for three hours for chest pain with non-diagnostic
ECG. When the sensitivity of  hourly CK-MB is
represented as a function of  the duration of  chest

pain for AMI patients with non-diagnostic ECG
tracings, they found that after three hours of
symptoms (i.e. during the fourth hour of  chest pain),
around 50% had a positive CK-MB levels. By sixth
hour, more than 80%; by ninth hour, more than
90%; and 100% during 11 th and 12 th hour of
symptoms. Using serial cardiac enzyme sampling
during the first three hours after ED presentation,
they were able to detect nearly 80% of  AMI patients
with non-diagnostic ECG tracings (sensitivity
79.1%) with a specificity of  93.7% and a negative
predictive value of  97.1%. They found that 80% had
a raised enzyme level within three hours of
presentation. The negative predictive value for no
AMI was 96.2% within 3 hours in A&E.

CK-MB isoforms are another new serum cardiac
marker that may be useful for evaluating patients
with an acute coronary syndrome. CK-MB exists
in only 1 form in myocardial tissue but in different
isoforms (or subforms) in the plasma. An absolute
level of  CK-MB2 >1 U/L or a ratio of  CK-MB2 to
CK-MB1 of  1.5 has improved sensitivity and
specificity for diagnosis of  MI within the first 6
hours compared with conventional assays for CK-
MB.31 Unfortunately the isoforms are not available
in most hospitals in Hong Kong.

The troponins
Because the conventional serum cardiac marker,
creatine kinase (CK) and its MB isoenzyme (CK-
MB) lack sufficient sensitivity and specificity, there
is a need for more sensitive and cardiac-specific
markers of  myocardial necrosis.32-34

The troponin complex consists of  3 subunits:
troponin T, troponin I, and troponin C. The
complex is a calcium-sensitive molecular apparatus
that regulates the interaction of  actin and myosin.
Isoforms of  troponins exist in both cardiac and
skeletal muscles, but they are so different that the
current immunoassay methods can detect (and
differentiate) cardiac-specific troponin T (cTnT) and
cardiac specific troponin I (cTnI) from their skeletal
counterparts.

Using the current immunoassay methods, the cut-
off  value for elevated cTnI and CTnT levels are set
only slightly above the upper reference range. As a
result, they permit doctors to diagnose less degree
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of  myocardial necrosis than CK-MB. In fact, there
have been case reports of  myocardial necrosis with
elevated cardiac troponin levels but normal CK
values.35

Another study has shown that elevated cTnI or
cTnT levels, even in the presence of  normal CK-
MB levels, identify patients without ST-segment
elevation who have increase risk of  death.9 Further
study has also demonstrated that among patients
with a non-diagnostic ECG, a positive troponin T
result was found to be almost six times as predictive
of  adverse events as negative test result, whereas the
CK-MB markers was not found to be significantly
predictive.4 Doing both troponin T and CK-MB did
not perform better than either test alone in terms
of  diagnostic and prognostic value.4

It is important to remember that, like creatine
kinase, cardiac-specific troponins may not be
detectable for up to 6 hours after onset of  chest pain.
However, serum levels of  cTnT and cTnI may be
present for several days after MI (up to 7 days for
cTnI and up to 10 to 14 days for cTnT), whereas
CK and CK-MB will return to normal levels within
the first 24 to 36 hours. The former is therefore
useful in diagnosing recurrent myocardial infarction.

Myoglobin
It is a low molecular weight heme protein found in
both cardiac and skeletal muscles, and is therefore
not cardiac specific.  However, it is released more
rapidly from infarcted myocardium than CK-MB
and may be detected as early as 2 hours after AMI.
Unfortunately, being non-cardiac specific, a raised
level of  serum myoglobin alone has limited value in
early detection of  AMI.

Comparing various serum cardiac markers
The diagnostic sensitivity and specificity for MI
were compared for total CK-MB (activity and mass),
CK-MB subforms, myoglobin, cTnI, and cTnT
in the Diagnostic Marker Cooperative Study
(DMCS).36 The DMCS was a large, prospective,
mult icentre,  double-blind study of  patients
presenting to the Emergency departments with chest
pain. It had been shown that CK-MB subforms were
most efficient for early diagnosis (within 6 hours)
of  MI, whereas cTnI and cTnT were highly cardiac
specific and particularly efficient for late diagnosis

of  MI. The DMCS investigators concluded that CK-
MB subforms were most sensitive and specific (91%
and 89%) within 6 hours of  onset. For late diagnosis,
total CK-MB activity (derived from subforms) was
the most sensitive and specific (96% and 98%) at 10
hours from onset. They suggest that either a single
assay (CK-MB subforms) or a select combination
(CK-MB subforms and a cardiac-specific troponin)
reliably triages patients with chest pain and could
potentially lead to improved therapy and reduced
cost of  care for patients with acute coronary
s yndromes.  Unfor tunat e ly,  a s  men t ioned
previously, assay of  CK-MB subforms are not
available in most local hospitals. However, the
cardiac-specific troponins are now available in Hong
Kong.

Elevated concentrations of  both troponin T or CK-
MB begin to appear in serum 4 to 6 hours after the
onset of  myocardial injury. One study has shown
that the association between a positive troponin T
or CK-MB assay and the occurrence of  serious
adverse events held only for those patients whose
blood was obtained 6 hours or more after symptom
onset.4 The authors suggest that serial myocardial
marker measurements are necessary to accurately
stratify the risk of  patients presenting very early
after symptom onset.4

It cannot be overemphasised that the timing of
checking CK, CK-MB or troponins in relation to
the onset of  chest pain must be considered when
interpreting the results. Even more importantly, a
normal CK, if  checked at the wrong time, may result
in missing the diagnosis of  an AMI.

The role of  echocardiography, myocardial
scintigraphy and exercise stress test

Echocardiography,37 stress echocardiography,38 and
myocardial scintigraphy39-41 have been advocated as
rapid and accurate means of  recognising unstable
coronary events in AED patients. These techniques
may reduce the risk of  failing to recognise an
unstable coronary event and avoid a prolonged
period of  observation. In addition, using immediate
exercise treadmill testing in low-risk patients (as
indicated by clinical and ECG criteria) has also been
suggested. One study has demonstrated the safety
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and utility of  such a test in low-risk patients
presenting to the AED.41 In this study, all patients
with negative test results and 93% with non-
diagnostic test results were discharged directly from
the AED. Thir ty-day fol low-up revealed no
mortality in these patients. However, the imaging
examinations provide sensitivity and specificity
superior to exercise ECG and its routine use has
been challenged to contribute little to the accuracy
of  the triage process. A further discussion is beyond
the scope of  this guideline.

Bedside testing for serum cardiac markers

To be useful in the evaluation of  chest pain for
patients presenting to the ED, the results of  various
cardiac markers must be available within a relatively
short time. In most hospital laboratories in Hong
Kong, serum total CK results may be available in
one hour, while the cardiac troponins assay are
rarely, if  at all, available as an urgent service.
Fortunately, rapid bedside assays for the serum
cardiac markers are now clinically available in Hong
Kong for measuring cTnI, cTnT, myoglobin, and
CK-MB. The results can be available in as little as
15 minutes. Both handheld kits and small desktop
rapid analysers are available for the same purpose,
and both qualitative results (i.e. positive or negative)
and quantitative results can be obtained. When using
a handheld rapid bedside assay for a serum cardiac
marker, the doctor places a small aliquot of  the
patient's blood or serum in the specimen well and
observes the development of  a colour line in the
read zone of  the device. It should be noted that the
time to development of  the colour line and the
intens i ty  of  the colour  are re lated to the
concentration of  the serum cardiac marker in the
specimen. For example, when a handheld bedside
immunoassay is used to test the blood of  patients
with high cTnT levels, a red line quickly appears;
such patients are at increased mortality risk.42

Careful attention to the timing of  the appearance
of  a positive bedside assay result may provide
clinicians with a tool for a semi-quantitative estimate
of  a serum cardiac marker level at the patient's
bedside. A positive bedside test however should be
confirmed by a conventional quantitative test.

In a recent study by Hamm and his colleagues43

using bedside rapid diagnostic kits for cTnT and
cTnI, for those patients with AMI but no ST-
elevation, 94% had a positive cardiac troponin T
test and 100% had a positive cardiac troponin I test
when tested at least 6 hours after onset of  chest pain.
Equally important is the finding that at this time,
the negative predictive value was 98.9% for troponin
T and 99.7% for troponin I. An emergency
department protocol for chest pain using troponin
T or I instead of  the usual creatine kinase has
appeared in a recent article by Kllotwijk and
Hamm.44

A suggested chest pain protocol

In the setting of  non-diagnostic ECG findings (non-
ST elevation), acute coronary syndrome represents
a continuum between chronic stable angina and
AMI. Although the prognosis of  the patient with
chronic stable angina can be stratified and the
emergency situation engendered by ST-elevation MI
is readily evident, patients with acute symptoms but
non-diagnostic ECG findings can range from those
with non-cardiac chest pain to very high-risk MI
with multi-vessel disease. It is therefore highly
desirable to have a chest pain protocol available in
the ED setting to facilitate evaluation of  patients
with chest pain and non-diagnostic ECG changes.
(Figures 1 & 2)

This protocol takes into account the current
evidence of  the usefulness and limitations of  various
methods in evaluating the chest pain patient for the
possibility of  AMI, the characteristics of  local
Emergency department settings and the availability
of  various serum markers as an urgent or rapid test.

When the rapid cardiac troponins assay are not
available (Figure 1)
The usual practice of  performing urgent serial total
CK should be employed for patient with chest pain
of  obscure origin, in addition to serial ECG. The
CK result should be available in approximately
1 hour in most local hospitals. When the total CK
is raised in any serial tests and the source cannot be
explained by any extra-cardiac origin, for example,
recent intramuscular injection or muscular trauma
one should admit the patient or to confirm the
cardiac origin of  CK by checking CK-MB. When
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Figure 1. A&E chest pain protocol (when pulmonary embolism and aortic dissection are unlikely) & when
troponin T test is not available.

#correct stratification is very important; senior input should be sought if  necessary

Consult / admit if:

1. chest discomfort recurs or worsens; or

2. any cardiac enzyme level raised; or

3. new charge on any ECG

Start appropriate treatment

AMI unlikely if:

1. no more chest discomfort; and

2. CK levels all normal; and

3. no serial change in ECG

Consider other cause

Based on history, exam and initial ECG,

stratify patients into 5 groups#

Unstable

angina
AMI Uncertain

CAUSE

Treat and

admit

Stable

angina
Non-cardiac

CAUSE

Discharge and

refer
Treat

accordingly

Repeat ECG at 30 & 60 minutes;

check CK, CKMA, LDH at AED

ECG diagnostic?

Treat accordingly

If  previous cardiac enzymes normal,

repeat at 6 and 12 hr after AE arrival;

also repeat ECG at 6 & 12 hr

If ECG still nondiagnostic,

send patient to O ward
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yes

yes

yes

no

no

no

Chest pain of  obscure origin

Evolving infarction or

unstable angina

Evolving infarction or

unstable angina

Evolving infarction or

unstable angina

Check troponin A&E

Troponin T raised

Repeat ECG at 30

and 60 minutes

diagnostic ECG changes

on serial ECG

send patient to O ward;

repeat troponin T, ECG at 6 h

Troponin T positive or ECG

diagnostic change?

AMI unlikely: consider

other causes

Figure 2. A&E chest pain protocol (when aortic dissection and pulmonary embolism unlikely) & when troponin
T test is available.

the relative index (CKMB/total CK x 100%) is
greater than 5, it is considered positive for cardiac
origin. However, checking CK-MB requires prior
discussion and approval with the laboratory and it
may take up to 24 hours before the result is available,
rendering it useless in confirming the cardiac origin
of  a raised total CK. In essence, the protocol relies
on a good clinical judgement for initial stratification
of  chest pain into various groups, and the checking
of  serial ECG and serial CK for those with obscure
cause.

When the rapid cardiac troponins assay are
available (Figure 2)
The many advantages of  using cardiac troponins
have been mentioned in the aforesaid discussion,

and patients can be observed for a shorter period of
time compared with those using total CK, CK-MB
and LDH as serum cardiac markers. However, it is
worthwhile mentioning that performing bed-side
troponin tests are expensive (HK$100 per test).  The
cost of  the troponin assay is likely a major limiting
factor in its adoption in our practice in the
Emergency departments in Hong Kong. Hopefully,
that the cost can be dramatically reduced to benefit
more patients.

Conclusion

Not all patients with acute myocardial infarction
present with typical characteristics of  chest pain and
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the associated symptoms. Not all patients with acute
myocardial infarction have typical diagnostic
features in either the initial or even serial ECG
tracing. Missing acute myocardial infarction in
patients with atypical presentation may have
disastrous consequence. After the initial clinical
assessment and ECG, for those patients with chest
pain of  obscure origin, there are various common
diagnostic methods available, each with its roles and
limitations. There is a need to develop a chest pain
protocol, making use of  the currently available
facilities in Hong Kong for patients with chest pain
so as to enable recognition or exclusion of  AMI as
early as possible. The introduction of  the rapid
bedside assay of  cardiac specific troponins is likely
to have a great impact on the management of
patients with chest pain of  obscure origin in local
emergency departments.
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