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MANAGEMENT OF PATIENTS with
chest discomfort is not straightfor-
ward when the discomfor t has
resolved and normal results are
obtained on physical examination,
electrocardiography (ECG) and meas-
urement of baseline cardiac troponin
levels. These patients have been
defined as having “intermediate” risk
of adverse cardiac outcomes in the
subsequent six months.1 An unstruc-
tured approach to their management
will lead, on the one hand, to inappro-
priate discharge and a “missed” myo-
cardial infarction in 1%–5%2,3 and, on
the other hand, to unnecessary or
prolonged admissions in up to 50% of
patients with chest pain.4

Chest pain clinical pathways have
been designed to reduce the possibil-
ity of missing an infarction while facil-
itating early discharge of low risk
patients. A United States study found
that a structured approach to assess-
ing intermediate-risk patients reduced
costs5 and the incidence of missed
myocardial infarctions from 4.5% to
0.4%.6

In 2000, the National Heart Foun-
dation (NHF) and the Cardiac Soci-
ety of Australia and New Zealand
(CSANZ) published new Australian
guidelines for management of unsta-
ble angina.1 These recommend use of
a structured clinical pathway (acceler-
ated chest pain assessment protocol)
which al lows in te rmed iate -r isk
patients to be reclassified as low or
high risk after a period of observation.
We examined the outcomes of inter-
mediate-risk patients managed with
this protocol in a metropolitan tertiary
care hospital.

METHODS

The study was conducted at The Prince
Charles Hospital, a tertiary-care hospi-
tal in Brisbane, QLD. As the study was
a prospective audit of a clinical pathway,
we did not seek patient consent nor
permission from the hospital’s research
and ethics committee.

Subjects

Subjects were consecutive patients who
presented to the emergency department

of the hospital between January 2000
and June 2001 and were managed with
the accelerated chest pain assessment
protocol (ACPAP). Criteria for use of
ACPAP are listed in Box 1. They were
used to identify patients at intermediate
risk and to reduce the chance of includ-
ing those with other diagnoses, such as
aortic dissection or pulmonary embo-
lism. The list is used as a checklist in the
emergency department.

Serum levels of cardiac troponin I
(Dimension, Dade Behring, Deer-
field, Ill, USA) and total creatine
kinase were measured at baseline.
Patients with an initial positive cardiac
troponin I  were excluded from
ACPAP and admitted to hospital
forthwith. Myocardial infarction was
defined as having occurred if both
markers were elevated (troponin I
> 0.2 �g/L, total creatine kinase
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> 160 U/L [women] or > 200 U/L
[men]). This cut-off troponin level
was selected as the analytic impreci-
sion (coefficient of variation � 10%)
of the assay in our laboratory was
0.14 �g/L.

Assessment protocol

An ongoing educational program about
the protocol for staff of the emergency
and cardiology departments was begun
before its introduction.

The protocol is outlined in Box 2.
Continuous on-line 12-lead ST-seg-
ment monitoring was performed using
the ST Guard (GE Marquette Corp,
Milwaukee, Wis, USA). On weekends,
exercise stress testing was performed by
registrars and specially trained coronary
care nurses. Cardiology registrars were
responsible for patient reclassification as
low or high risk. Reclassification of
patients as low risk was audited at the
end of the study by a senior cardiologist,
who agreed with the decision in 406 of
409 patients.

Follow-up and statistical analysis

Patients were telephoned 30 days and
six months after discharge to enquire
about cardiac events, including any
readmissions to hospital.

Characteristics were compared
between reclassified groups by �2 and t
tests. The log-rank test (2 degrees of
freedom) was used to determine differ-
ences in freedom from cardiac events
(death, revascularisation, or readmis-
sion with unstable angina or AMI)
between the three groups at follow-up.

RESULTS

Over the 18 months of the audit, 630
people who presented to the emergency
department with chest pain met the
criteria for intermediate risk and were
managed with ACPAP. Most of the 630
patients (57%) were men, and mean age
was 57 years (range, 27–87 years). Of
the 630, 625 (99%) were directly con-
tacted for 30-day follow-up, and 597

(95%) for six-month follow-up. For
patients who could not be contacted, we
excluded the possibility of admission to
local hospitals and cardiac events
known to their local doctor or listed on
the Queensland Death Registry.

After application of ACPAP, 409
patients were reclassified as low risk
(65%), 111 as equivocal risk (18%),
and 110 as high risk (17%). Character-
istics of the reclassified groups are
shown in Box 3. Reclassified low-risk
patients were younger and had lower
rates of hypertension and prior coronary
disease than higher-risk groups.

The mean length of hospital stay of all
patients admitted with chest pain was
1.5 days in the 18 months after intro-
duction of ACPAP, compared with 2.2
days in the previous year.

1: Criteria for use of the 
Accelerated Chest Pain 
Assessment Protocol1

Indications

Resolved chest discomfort which lasted for 
more than 10 minutes.
Recent-onset class III angina.
Includes “atypical” pain in patients over 65 
years or those with diabetes.
Includes patients with known coronary 
artery disease, remote (> 3 month) history of 
acute myocardial infarction or 
revascularisation.

Exclusions

Dyspnoea, heart failure, syncope.
Ongoing pain or back pain.
Other aetiology is demonstrated (eg, aortic 
dissection, pneumonia, pericarditis), 
including abnormal chest x-ray.
Elevated cardiac troponin level at baseline.
Electrocardiogram changes at baseline.
Arrhythmia requiring treatment.

2: Accelerated Chest Pain Assessment Protocol (ACPAP) used at 
The Prince Charles Hospital, Brisbane

Maximal exercise stress test (Bruce protocol)

Positive results 
(horizontal ST
depression � 2 mm
or � 1 mm with pain)

Equivocal results (chest discomfort
suggesting ischaemia but no ST 
changes, 1-2 mm ST depression without
pain or submaximal study)
Test not possible (eg, patient too frail to 
exercise), or
High index of clinical suspicion that
discomfort is ischaemic

Negative
results

Refer for outpatient
myocardial perfusion; or 
Admit for further
in-hospital investigations 

Discharge with referral for 
outpatient investigations if
symptoms suggest 
ischaemia (eg, central chest
discomfort); and
Fax details of presentation
and test results to local
doctor immediately

Admit to coronary care unit 
for aggressive in-hospital
medical and invasive
management 

Reclassify as "equivocal" risk Reclassify as low riskReclassify as high risk

Patient meets criteria for protocol (Box 1), including normal baseline 
levels of serum cardiac troponin I and total creatine kinase

• Observe for 6-8 hours with continuous on-line 12-lead ST segment monitoring
• After 6-8 hours, remeasure serum cardiac troponin I and total creatine kinase levels 

Any one of the following:
• Recurrent pain;
• Significant ECG changes or arrhythmia
  (eg, 0.5 mm ST deviation or T wave
  inversion in 3 leads);
• Positive cardiac troponin I (> 0.2 U/L) at
  6-8 hours; or 
• Other high-risk features (Box 1)

All of the following:
• No further pain;
• No significant ECG changes or arrhythmia; 
• No detectable cardiac troponin I at 6-8 hours; and
• No other high-risk features (Box 1)

•

•

• 

•

• 

•

• 

• 
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Reclassification and management

High-risk patients
One hundred and ten patients were
admitted to the coronary care unit after
reclassification as high risk. Reasons
were:
■ recurrent chest pain in 51 patients
(46%);
■ positive exercise stress test in 34
(30%);
■ ischaemic ECG changes in 26 (24%)
(including ST depression solely on ST-
segment monitoring in two); and
■ raised level of troponin I at 6–8 hours
in 20 (18%).

Some patients had more than one
reason for reclassification.

Among the 20 patients with raised
troponin I levels at 6–8 hours, four also
had raised total creatine kinase levels
and were diagnosed with small non-ST-
segment-elevation myocardial infarc-
tions (non-STEMI). Fourteen of the 20
had coronary angiography, which con-
firmed coronary artery disease in 13,
four of whom underwent revascularisa-
tion during the initial admission.

Although coronary angiography was
recommended in all high-risk patients,
it was performed in only 45 (41%)
during the initial admission, as others
were considered too frail or had known
inoperable coronary anatomy or signifi-
cant comorbidities.

Equivocal-risk patients
One hundred and eleven patients were
reclassified as equivocal risk and admit-
ted for further investigation. Reasons
were:
■ exercise stress testing was not per-
formed because of frailty or known cor-
onary disease in 78 (70%);
■ they had an equivocal stress test
result (poor exercise tolerance, pain but
no ST depression or 1–2 mm ST
depression without pain) in 16 (14%);
and
■ there was a high clinical suspicion of
coronary artery disease in 17 (15%).

Low-risk patients
Four hundred and nine low-risk
patients were discharged after a mean
stay in the chest pain unit of 14 hours:
■ 326 had negative results on exercise
stress testing;
■ 46 had submaximal exercise stress
tests (considered equivocal), but were

discharged mainly because their coro-
nary anatomy was known to be unsuita-
ble for intervention; and
■ 37 did not have exercise stress tests,
often because delay was too great.

The 409 patients were referred either
back to their local doctors (258
patients; 63%) or to the cardiology out-
patient department (151; 37%), usually
after further outpatient investigations;
36 low-risk patients (9%) were referred
for outpatient myocardial perfusion or
stress-echo study, three (1%) for exer-
cise stress tests, 24 (6%) for upper

gastrointestinal endoscopy, and 16
(4%) for abdominal ultrasound exami-
nation.

Outcomes

No deaths occurred in any group. Other
adverse cardiac events are shown
according to risk category in Box 4.
Twenty-one high-risk patients (19%)
had cardiac events within the six
months: revascularisation (18 patients)
and unplanned readmission with unsta-
ble angina (9) or AMI (2) (six patients

4: Outcomes in 630 patients, by risk category after reclassification 
by ACPAP

Risk after reclassification

Outcome
Total

(n=630)
Low

(n=409)
Equivocal
(n=111)

High
(n=110)

Acute myocardial infarction 8 (1%) 0 0 8 (7%)

During initial admission 6 (1%) 0 0 6 (5%)

Within 30 days 1 (0.2%) 0 0 1 (1%)

Within 1–6 months 1 (0.2%) 0 0 1 (1%)

Coronary angiography 104 (17%) 24 (6%) 21 (19%) 59 (53%)

During initial admission 56 (9%) 0 11 (10%) 45 (41%)

Within 30 days 23 (4%)  13 (3%) 3 (3%) 7 (6%)

Within 1–6 months 25 (4%) 11 (3%) 7 (6%) 7 (6%)

Revascularisation* 29 (5%) 3 (0.7%)  8 (7%) 18 (16%)

During initial admission 17 (3%) 0 3 (3%) 14 (13%)

Within 30 days 3 (0.5%) 1 (0.2%) 2 (2%) 0

Within 1–6 months 9 (2%) 2 (0.5%) 3 (3%) 4 (4%)

Unplanned readmission with 
unstable angina or AMI

16 (3%) 0 5 (5%) 11 (10%)

Within 30 days 9 (1%) 0 4 (4%) 5 (5%)

Within 1–6 months 7 (1%) 0 1 (0.9%) 6 (5%)

AMI = acute myocardial infarction. 
*This patient also had a small non-ST elevation myocardial infarction during initial admission.
†Revascularisation was by coronary artery bypass graft (16) or percutaneous coronary intervention (13). 

3: Characteristics of 630 patients managed with ACPAP (Accelerated 
Chest Pain Assessment Protocol)

Risk after reclassification

All
(n=630)

Low
(n=409)

Equivocal
(n=111)

High
(n=110) P

Age in years (mean [SD]) 56.6 (12.5) 53.6 (11.7) 62.7 (12.6) 60.9 (11.5) 0.001

Serum cholesterol level (mean [SD]) 4.9 (1.1) 5.0 (1.1) 4.7 (1.0) 4.8 (1.1) NS

Diabetes 72 (11%) 44 (11%) 14 (13%) 14 (13%) NS

Smokers 123 (20%) 91 (22%) 17 (15%) 15 (14%) NS

Hypertension 70 (11%) 31 (8%) 22 (20%) 17 (15%) 0.001

Prior coronary disease* 45 (7%) 20 (5%) 11 (10%) 14 (13%) 0.01

*History of myocardial infarction, angina, 50% lesion at coronary angiography or previous coronary 
revacularisation.



MJA Vol 178 21 April 2003 373

RESEARCH

had more than one event). In contrast,
three low-risk patients (1%) had cardiac
events in this period, all elective revas-
cularisations. Nine equivocal-risk
patients (8%) had cardiac events: revas-
cular isation (8)  and unplanned
readmissions with unstable angina (5)
(four had both).

Acute myocardial infarction
No acute myocardial infarctions (AMIs)
were identified in low- or equivocal-risk
patients during the initial admission or
six-month follow-up. Eight AMIs
occurred in high-risk patients, six dur-
ing the initial admission. These
included four patients diagnosed with
non-STEMI based on troponin I and
total creatine kinase levels measured 6–
8 hours after presentation. Two of these
four underwent angiography (one had
PCI), and one refused the procedure.
Another two high-risk patients devel-
oped early ST-segment-elevation myo-
card ia l  inf a rct ion  wh i l e  under
observation — one at four hours and
one at 10 hours after reclassification as
high risk. Both were managed with suc-
cessful emergency revascularisation.

Two high-risk patients had late myo-
cardial infarctions, one at one month
while awaiting revascularisation, and
one at four months. The latter had a
non-STEMI during initial hospitalisa-
tion but did not have angiography.

Unplanned readmissions
During the six months of follow-up,
eight low-risk patients (2%) had
unplanned readmissions with chest
pain, but none were because of AMI or
unstable angina. Later diagnoses were

gastro-oesophageal disease and musculo-
skeletal pain. In contrast, five equivocal-
risk and nine high-risk patients had
unplanned readmissions with unstable
angina, and two high-risk patients with
AMI.

Event-free survival
Event-free survival (freedom from
death, revascularisation or readmission
with unstable angina or AMI) is com-
pared between the three groups in Box
5. Patients reclassified as low risk had
excellent outcomes (no readmissions
with unstable angina and only three
elective revascularisation procedures),
while high-risk and equivocal-risk
groups had substantial numbers of
cardiac events.

Exercise stress testing

The relationship between results of
exercise stress test results and revascu-
larisations in the 450 patients who
underwent these tests is shown in Box 6.

DISCUSSION

We found that ACPAP simplified and
facilitated the effective management of
patients at intermediate risk of adverse
cardiac events at our hospital. Two-
thirds of patients assessed with ACPAP
were reclassified as low risk and dis-
charged early a mean of 14 hours after
presentation, allowing early return to
work and normal activities; 1% of these
patients had cardiac events (all elective
revascularisations) by six-month follow-
up, compared with 19% of high-risk
patients. We have identified no missed

AMIs since adopting the protocol.
However, a low rate of missed AMI
depends on the willingness of emer-
gency staff to enrol patients with both
“typical” and “atypical” symptoms in
the protocol, particularly the elderly and
those with diabetes, whose presenta-
tions are often “atypical” or even silent.

A limitation of the study was that it
was a clinical audit and not a prospec-
tive controlled trial of differing strate-
gies in managing chest pain. However,
although observational, our study had
the advantage of being large and pro-
spective.

Since our study, the NHF and
CSANZ have modified ACPAP to
upgrade diabetes from an intermediate-
risk to a high-risk feature. The new
guidelines recommend invasive assess-
ment and management of patients with
diabetes with an acute coronary syn-
drome.7 However, in our audit, some
patients with diabetes were reclassified
to the low-risk group, but fortunately
did not have a subsequent cardiac event.

Although early angiography is indi-
cated in all high-risk patients, it was
performed in only 41% during the index
admission. This was not unreasonable,
as many patients were frail or elderly,
and some had known inoperable coro-
nary anatomy. However, the only two
late myocardial infarctions occurred in
high-risk patients who were not man-
aged according to the Australian guide-
lines — one patient who did not have
angiography despite clear indications
for doing so, and another who did not
have early revascularisation and suffered
an AMI after one month on a surgical
waiting list.

5: Event-free* survival of patients 
after reclassification

* Freedom from death, revascularisation or readmission 
with unstable angina or acute myocardial infarction.
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6: Relationship between results of exercise stress tests 
and revascularisations in 450 patients 

Result of exercise stress test

Positive
(n=34)

Equivocal
(n=66*)

Negative
(n=347†)

Angiography 26 (76%) 14 (21%) 17 (5%)

Coronary artery disease 
confirmed

21 (62%) 5 (8%) 3 (1%)

Revascularisation 6 (18%) 1 (2%) 3 (1%)

* Included four patients who were classified as high risk for other reasons (eg, a small rise in troponin I 
level) but underwent exercise stress testing for clinical reasons.
† Included 21 patients classified as equivocal- or high-risk for other reasons.
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Our results were similar to those of a
recent US study which safely performed
early stress testing in 1000 selected
patients with chest pain suggestive of
cardiac aetiology.8 Patients with nega-
tive stress test results had a low cardiac
event rate at 30-day follow-up.8

The value of cardiac troponin levels
to chest pain assessment protocols can-
not be overestimated. Cardiac troponin
level, particularly measured at 6–8
hours after presentation, is a very sensi-
tive and specific marker of myocardial
injury which confirms diagnosis, with
the size of the rise closely correlating
with prognosis.9-11 In addition, raised
troponin levels identify patients who
benefit from medical12,13 and invasive14

therapies. In 13 of the 14 patients with
raised troponin levels who underwent
angiography, coronary artery disease
was confirmed. Cardiac troponin, used
in concert with exercise–ECG stress
testing, has previously been validated in
the risk stratification of patients with
chest pain.15 Although more sophisti-
cated stress-testing methods (myocar-
dial perfusion imaging or stress
echocardiography) would be more sen-
sitive in identifying patients with myo-
cardial ischaemia, exercise–ECG stress
testing is cheap, available in most hospi-
tals, and able to be performed by appro-
priately trained junior staff.

This study confirmed that ACPAP is
practical to implement. It uses readily
available tests and can be applied in
coronary care units, emergency depart-
ment, or elsewhere in the hospital.
However, it relies on a high standard of
observation and a quick response to the
development of high-risk features. Fur-
ther studies might use newer, more sen-
sitive biochemical tests of early
ischaemia, or other methods of screen-
ing for coronary disease or provocable
ischaemia.

The study also confirmed that
ACPAP provides safe and effective risk
stratification of patients at intermediate
risk of adverse cardiac events, who oth-
erwise pose management challenges.
Follow-up of the reclassified risk groups
validated the protocol, and, in particu-
lar, confirmed the safety of early dis-
charge of the low-risk group. The
protocol may greatly reduce or elimi-
nate missed infarctions, allow early
identification and treatment of high-risk

patients, and reduce length of hospital
stay. The chest pain protocol has been
well accepted and rapidly incorporated
into the “culture” of our hospital.
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