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Background Guidelines recommend testing for coronary artery disease (CAD) for emergency department (ED) patients

with a negative workup for acute coronary syndrome (ACS). The rationale is that, although myocardial

infarction has been ruled out, the presentation could still indicate cardiac ischaemia. Evidence supporting

this recommendation is weak.

Methods Planned sub-study of prospective cohort study of ED chest pain patients with a negative ACS workup who

were discharged. Primary outcome of interest was occurrence of major adverse cardiac events (MACE)

within 30 days. Secondary outcomes were rate of combined MACE or revascularisation and rates and

outcome of referral for CAD testing. Analyses were descriptive.

Results 742 patients were included; median age 56, 52% male. There were two MACE within 30 days (0.3%; 95% CI

0.07–1%). Two patients had revascularisation without ACS - combined MACE or revascularisation rate 0.5%

(95% CI 0.2-1.4%). Seventy-five per cent of patients with adverse events had previously known CAD. There

was no statistically significant difference in outcome between those referred for testing and those who were

not. Age, TIMI score 0-1 and absence of known CAD performed well as potential discriminators for selective

testing.

Conclusions In our study the rate of MACE within 30 days was very low, coronary intervention was rare and most

patients with MACE or revascularisation had previously known CAD. For young patients, those without

known CAD and those with a low TIMI score, the risk of clinically significant CAD appears to be very low. It

adds to the case for abandoning routine testing for CAD.

Keywords Chest pain � Emergency Department � Non-invasive testing
Introduction
Chest pain is a common reason for presentation to Austral-

asian emergency departments (ED). The vast majority of

patients investigated for acute coronary syndrome (ACS) have

a negative ACS workup; only approx. 13-23% rule in for ACS

[1–3]. Current Australasian guidelines [4] recommend consid-

eration of testing for myocardial ischaemia or coronary artery

disease (CAD) for ED patients with a negative workup for ACS
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who are discharged from ED. Such testing may be functional

or anatomic. The rationale is that although myocardial infarc-

tion (MI) has been ruled out, the presentation could still indi-

cate coronary ischaemia or CAD which might benefit from

treatment. The guideline authors acknowledged that this was

a consensus recommendation and that evidence supporting

this recommendation is weak [4].

Routine testing is resource intensive [5] and may result in

false positive tests and further unnecessary investigations
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and procedures. Since the guidelines were published a small

body of evidence has challenged the need for routine testing

showing adverse event rate <1% and low rates of identification

of clinically relevant CAD [6–8]. Some authors have suggested

clinical characteristics for the identification of very low risk

groups including age and absence of known CAD [9,10].

The aim of this study was to determine the rate of major

adverse cardiac events (MACE; defined as death, new MI,

survived cardiac arrest, cardiogenic shock, life-threatening

arrhythmia) in patients who underwent a rule-out ACS pro-

cess in ED and were discharged home and to compare out-

comes between those who were referred from ED for testing

for CAD and those who were not.
Methods
This was a planned sub-study of a prospective cohort study

conducted in the ED of a community teaching hospital with

an annual adult ED census of approximately 36,000 between

16 April 2012 and 3 February 2013.

Patients were screened for inclusion if they presented with

chest pain. Exclusion criteria were chest pain due to trauma,

aged <18 years, no chest pain within 24 hours of the index ED

visit, chest pain lasting <10 minutes, no ECG or no troponin

assay performed within 24 hours of index ED visit, a clear

alternative diagnosis at initial medical officer assessment,

ischaemic ECG changes at ED presentation, haemodynamic

instability, advanced terminal disease, inability to communi-

cate in English and declined/unavailable for follow-up.

Patients transferred to other hospitals and self-discharging

against advice were also excluded because of inability to

obtain accurate follow-up data.

For this sub-study, patients admitted to hospital wards or

transferred to another hospital for admission were also

excluded; i.e. only patients with a negative ACS workup

who were discharged from ED (including ED observation

unit) were included. The ACS workup included clinical

assessment, serial ECG and serial biomarker analyses (Tro-

ponin I, TnI-Ultra by Siemens Diagnostics performed on an

Advia Centaur analyser). Biomarker assays were taken at ED

arrival and at least three to four hours later or six hours from

symptom onset in accordance with current guidelines [4].

Decision to admit was made by the treating ED clinician in

consultation with the duty cardiology team. During the study

period, doctors were encouraged (using educational ses-

sions, pre-printed forms and pathway reminders) to refer

patients for outpatient testing for myocardial ischaemia/

CAD directly from ED however clinical judgment was

allowed to guide discharge and follow-up planning.

In the study hospital the pathway for care for patients with

chest pain suspicious of ACS is clinical assessment and risk

stratification by an ED clinician, serial ECG and biomarker

assays with observation including continuous cardiac moni-

toring in ED or in the Emergency Department Observation

Unit. Patients with negative ACS workup who are assessed as

non-high risk are discharged for further testing (if required) or
Downloaded from ClinicalKey.com.au at Western Hos
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follow-up in the community. Those assessed as high risk or

with positive ECG or biomarkers are referred to Cardiology.

The study hospital does not have a chest pain unit.

Data collected included demographics, cardiac risk factors,

biomarker assay results, ED disposition, final diagnosis, data to

calculate GRACE risk and freedom from events scores and

TIMI score, referral to and attendance at outpatient testing for

CAD and seven- and 30-day outcome. Known CAD was

defined as previous MI or coronary artery bypass grafts,

known coronary artery stenosis >50% or previously diagnosed

angina pectoris. Seven- and 30-day outcome was assessed by

review of medical records and structured telephone follow-up.

The primary outcome of interest was the occurrence of

MACE within 30 days, comparing patients referred for test-

ing for myocardial ischaemia/CAD with those who were not.

MACE was defined as death, new MI, survived cardiac

arrest, cardiogenic shock or life-threatening arrhythmia.

These mirror adverse events as reported in similar studies.

Final diagnosis was as assigned by the treating clinician. An

independent cardiologist adjudicated on final diagnosis and

outcome for the subgroups where patients with troponin

elevations on any assay exceeded the 99th centile and were

coded as non-ACS and for patients without troponin eleva-

tions who were coded as ACS. The secondary outcomes of

interest were the composite of MACE or revascularisation at

30 days between referred and non-referred group and rates

of compliance with ED referral for CAD testing. We also

conducted an exploratory analysis for adverse outcomes

using age (<40 and <50), absence of known CAD and TIMI

score 0-1 as potential discriminators in an attempt to identify

a very low risk group in whom testing might not be required.

Analysis was by descriptive statistics and intention to treat

analysis. No formal sample size calculation was performed.

The study was approved by the institutional ethics panel and

was registered with the Australia and New Zealand Clinical

Trials Registry (ACTRN12612000990820). Patients provided

verbal consent to telephone follow-up.
Results
742 patients were included in the analysis. (Figure 1) Median

age was 56 (IQR 46-67) and 52% were male. Characteristics of

patients are shown in Table 1.

There were two MACE within 30 days (0.3%; 95% CI 0.07 –

1%); both non-ST segment elevation MI within one week of

index visit. A further two patients had revascularisation

without ACS within 30 days giving a composite MACE or

revascularisation rate of 0.5% (95% CI 0.2-1.4%). Clinical

features of these patients are shown in Table 2.

340 patients were referred from ED for CAD testing (46%).

Of these, 265 completed testing (78%; 95% CI 73-82%). There

was no statistically significant difference in MACE or com-

bined MACE or revascularisation rates between those

referred for testing and those who were not.

265 patients underwent testing for CAD; 53 stress ECG, 176

stress radionucleotide scan, 26 stress echocardiography, four
pital Footscray Western Heal June 15, 2016.
opyright ©2016. Elsevier Inc. All rights reserved.



EXCLUSIONS

Clear  alternati ve diagnos is at  initia l 

assessment  

471

No troponin  test  within  24  hours  408

Declined/  una vailab le for  follo w-up  345

Unable to  communicate  in  Englis h 292

422snim01<niaptsehC

No chest  pain w ithin  24  hours  155

Ischaemic  ECG  at  presen tation 

Transfer or  self-discharge

91

42

Advanced  terminal  disease  37

Chest pain  due  to  trauma  23

Hae mod yna mic instabili ty 15

41sruoh42nihtiwGCEoN

381<degA

Tota l patients screened = 3156

Eligible  pa tients  = 103 0

Admitted= 288

ACS diagnos is =19 4
Referred for testing  =340 

Other diagnosis  = 94

MACE or 

revascularisati on =1

ED discharge  = 742

Not referred for testing =402

MACE =2

MACE or 

revascularisati on = 3

MACE = 0

MACE or 

revascularisati on =5

MACE or 

revascularisati on =76

MACE = 3MACE = 10

Figure 1 Sample derivation.
ACS = acute coronary syndrome; MACE = major adverse cardiac events.

Table 1 Characteristics of the patient cohort.

Variable Overall (N = 742) Referred for

testing (N = 340)

Not referred

(N = 402)

Statistical

significance

Age (median, IQR) 56 (46-67) 54 (46-65) 57 (45-70) <0.0001

Gender male (N, %) 386 (52%) 178 (52%) 208 (52%) NS

Arrival by ambulance (N, %) 579 (78%) 267 (79%) 312 (78%) NS

History of HT (N, %) 387 (52%) 172 (51%) 215 (54%) NS

Diabetes (N, %) 157 (21%) 68 (20%) 89 (22%) NS

Smoker (N, %) 174 (24%) 96 (28%) 78 (19%) 0.005

Cholesterol (N, %) 372 (50%) 159 (47%) 213 (53%) NS

Previous MI (N, %) 160 (22%) 48 (14%) 112 (28%) <0.0001

Known pre-existing CAD (N, %) 206 (28%) 61 (18%) 145 (36%) <0.0001

TIMI score (median, IQR) 1 (0-3) 1 (0-2) 1.5 (0-3) <0.0001

TIMI score 0-1 415 (56%) 214 (63%) 201 (50%) 0.0003

GRACE risk score (median, IQR) 88 (70-110) 86 (67-107) 89 (73-114) <0.0001

GRACE Freedom from Events score

(median, IQR)

312 (288-327) 314 (293-328) 311 (281-326) <0.0001

MACE at 30 days (N, %) 2 (0.3%) 0 2 (0.5%) NS

MACE or revascularisation at 30 days (N,%) 4 (0.5%) 1 (0.3%) 3 (0.8%) NS

CAD = coronary artery disease; HT = hypertension; MACE = major adverse cardiac event; MI = myocardial infarction; NS = not significant; TIMI = thrombolysis

in myocardial infarction.
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Table 2 Characteristics of patients with MACE or revascularisation within 30 days.

Patient

No.

Age &

gender

Known

CAD

TIMI

score

GRACE

score

Patient journey Outcome

1 74 male Yes 5 156 Not referred for testing by ED. Represented to

ED within 1 day with recurrent chest pain,

had troponin rise indicative of NSTEMI and

underwent inpatient revascularisation

NSTEMI &

revascularisation

2 54 female No 2 88 Referred for testing by ED but did not attend;

private cardiologist did angiogram and PCI

Revascularisation

3 66 male Yes 5 81 Not referred for testing by ED. Private referral

for stress test which was positive; private

angiogram and PCI

Revascularisation

4 75 male Yes 3 132 Not referred for testing by ED. Patient had

recent angiogram showing <50% stenosis

NSTEMI within

7 days; no

revascularisation
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coronary CT and four coronary angiography. Note, some

patients had more than one test. A breakdown of results

and interventions is shown in Table 3. Fourteen per cent

of patients (36/265) had a positive or equivocal test. Three

of these underwent further investigation and none under-

went a coronary intervention.

Results of the exploratory analysis regarding potential

discriminators to identify groups at very low risk in whom

testing for CAD may not be required are shown in Table 4.

All discriminators had high negative predictive value for

MACE, but varied in specificity. Both TIMI score 0-1 and

the combination of absence of known CAD and TIMI score
Table 3 Distribution and outcome of testing for coronary art

Test No. Negative Positive Equivocal

Stress ECG 53 46 5 2 

Stres radionucleotide

scan (RNS)

176 147 12 17 

Stress echocardiography

(SE)

26 25 1 0 

Coronary CT 4 4 0 0 

Coronary angiography# 4 4 0 0 

Echocardiography 14 11 3 0

Total* 277 237 21 19 

# negative = <50% stenosis; * = note some patients had more than one test.

Downloaded from ClinicalKey.com.au at Western Hos
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0-1 would classify >54% of patients as very low risk with very

high negative predictive value for MACE or the combination

of MACE or revascularisation.
Discussion
Consideration of routine testing for myocardial ischaemia or

CAD is recommended for patients with a negative ACS

workup who are discharged from ED [4]. Our findings show

that the rate of MACE within 30 days for this group is very

low, that coronary intervention is rare and that most patients
ery disease.

 Further tests Coronary

intervention

No positive tests had further testing in

follow-up period. One equivocal test had

coronary angiography which was normal

0

No positive tests had further testing in

follow-up period. One equivocal test had

echocardiography

0

Positive test had coronary angiography 0

One patient had coronary angiography 0

All followed previous test(s): 1 equivocal

stress ECG; I positive SE, 1 positive RNS

and 1 negative stress ECG and CT

0

0

pital Footscray Western Heal June 15, 2016.
opyright ©2016. Elsevier Inc. All rights reserved.



Table 4 Exploratory analysis of potential discriminators for requirement for testing for CAD.

Subgroup Analysis Overall Sensitivity

(%, 95% CI)

Specificity

(%, 95% CI)

Negative predictive

value

(%, 95% CI)

Age � 40 Number 99

MACE at 30 days 0 100%; 20-100% 13%; 11-16% 100%; 95-100%

MACE/revascularisation

at 30 days

0 100%; 40-100% 13%; 11-16% 100%; 95-100%

Age <50 Number 260

MACE at 30 days 0 100%; 20-100% 35%;32-39% 100%; 98-100%

MACE/revascularisation

at 30 days

0 100%; 40-100% 35%;32-39% 100%; 98-100%

No known

pre-existing

CAD

Number 536

MACE at 30 days 0 100%; 20-100% 73%; 69-76% 100%; 99-100%

MACE/revascularisation

at 30 days

1 75%; 22-99% 73%; 69-76% 100%; 99-100%

TIMI = 0-1 Number 415

MACE at 30 days 0 100%; 20-100% 56%; 52-60% 100%; 99-100%

MACE/revascularisation

at 30 days

0 100%; 40-100% 56%; 52-60% 100%; 99-100%

No known

CAD and

TIMI 0-1

Number 402

MACE at 30 days 0 100%; 20-100% 54%; 51-58% 100%; 99-100%

MACE/revascularisation

at 30 days

0 100%; 40-100% 54%; 51-58% 100%; 99-100%

CAD = coronary artery disease.
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with MACE or revascularisation have previously known

CAD. For young patients, those without known CAD and

those with a low TIMI score, our data suggests that the risk of

clinically significant CAD is very low indeed. The low rate of

MACE makes it unlikely that any current testing regime

could identify these without resulting in a large number of

false positive tests and their flow-on effects.

Our data concurs with the findings of others. Foy et al. [6]

studied insurance claims data for patients attending ED and

having a primary or secondary diagnosis of chest pain with-

out an ACS diagnosis. The percentage of patients experienc-

ing MI at seven and 190 days was low (0.11% and 0.33%

respectively). Patients who did not undergo testing were no

more likely to experience a MI than were those who did.

Compared with no testing, non-invasive testing was associ-

ated with significantly higher odds of cardiac catheterisation,

revascularisation procedure or a second non-invasive test

without a concomitant improvement in the odds of

experiencing an MI.

Hermann [7] et al. studied 4181 ED chest pain patients

without a known history of CAD who had normal ECG and

biomarker assays in ED. All received non-invasive testing;

mostly myocardial perfusion imaging. 11.2% of patients had

tests suggestive of inducible myocardial ischaemia, 2.9%

underwent coronary angiography, 1.5% had obstructive coro-

nary disease and 0.7% had disease potentially amenable to

revascularisation. They concluded that routine testing had a
Downloaded from ClinicalKey.com.au at Western H
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small therapeutic yield, new diagnoses of coronary artery

disease were uncommon and false-positive results were

common.

In the Australian context Paoloni et al. [8] retrospectively

studied patients referred from ED for exercise stress testing.

Fourteen per cent of patients tested had a positive test and

13% an inconclusive result however only 0.8% of patients

were diagnosed with major coronary artery disease. There

were no deaths or MI at 30 days.

Low rates of MI were found in studies employing CT

coronary angiography in ED chest pain. In the ACRIN-PA

trial, [12] only two of 1356 (0.15%; 95% CI 0.03-0.6%)

patients who did not have MI identified at the index visit

had a MI at 28-day follow-up; there were no deaths. In the

ROMICAT II study, [13] five of 964 patients without a MI

diagnosed at index visit and without known CAD had a MI

within 28 days (0.5%; 95% CI 0.2-1.3%). Again there were no

deaths. In an unselected UK ED chest pain cohort, the rate of

MACE was 1% at three months in patients discharged after a

negative ACS workup – one nonfatal MI, two re-admissions

with ACS, one supraventricular tachycardia and one non-

cardiac death in 504 patients [14]. In an unselected Australian

chest pain cohort, of 388 patients with troponin assays below

the 99th centile one patient had MACE at 30 days (0.26%, 95%

CI 0.05-1.5%); a non-ST elevation MI [15].

Interpreted together, the available evidence suggests that

testing has a very low yield and potential downsides in
ospital Footscray Western Heal June 15, 2016.
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increased rates of additional testing or revascularisation

without evidence of outcome benefit. Coupled with concerns

about sensitivity and specificity of provocative tests for

CAD/inducible ischaemia, in particular false positive tests

that may generate unnecessary patient anxiety and further

tests/interventions, it adds to the case for reconsidering

routine testing in favour of selective testing.

A recent study [5] has reported the costs associated with

assessing ED chest pain patients. Costs varied across guide-

line-defined [4] risk groups with high-risk patients having

both the highest cost per patient and the highest rate of ACS.

In contrast, the intermediate risk group was the most

resource-intensive as it was by far the largest group but it

had a very low rate of ACS (1.9%). The authors suggest the

development of strategies to shorten diagnostic process and

safely reduce the need for testing for myocardial ischaemia/

CAD as ways to improve resource management.

The low risk characteristics identified by Hess et al. [10]

and Belardinelli et al. [11] also performed well as did TIMI

score 0-1. All had NPV >99%. These characteristics could

inform the development of a selective testing strategy.

Another approach to selective testing might be using the

presence of diabetes or metabolic syndrome (high fasting

glucose, hypertension, high waist circumference, high tri-

glycerides and low HDL) as these groups have been shown

to have higher ACS event rates [16].

This study was not designed to explore the reasons for

referral or non-referral for CAD testing. That said, only 30%

of patients with known CAD were referred for testing. Anec-

dotally, most are referred back to their treating cardiologist to

determine if further testing would be of value. In some

patients, the presentation may have been so atypical that

clinicians judged the risk to be very low. Others may have

had previous or recent testing.

This study has some limitations that should be considered

when interpreting its results. It was a single centre study so

may not be generalisable to other sites, although its results are

consistent with those of other centres. While patients were

identified prospectively, some data regarding risk factors, etc.

was collected retrospectively so may have been subject to

documentation error. It was a non-randomised study, there-

fore subject to bias, particularly in referral for testing. For

example, those not referred may have been perceived by

clinicians as negligible risk. There are also significant differ-

ences between the referred and non-referred groups in risk

score distribution, the proportion with previous MI and smok-

ing rates. Follow-up was limited to 30 days. It is possible that

MACE could have occurred after this time.
Conclusion
In our study the rate of MACE within 30 days was very low,

coronary intervention was rare and most patients with

MACE or revascularisation had previously known CAD.

For young patients, those without known CAD and those

with a low TIMI score, the risk of clinically significant CAD
Downloaded from ClinicalKey.com.au at Western Hos
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appears to be very low. It adds to the case for abandoning

routine testing for CAD.
Competing Interests
Professor Kelly was a member of the core writing group of

the National Heart Foundation ACS guidelines 2005-14. This

study was funded by departmental funds only.
Authors’ Contribution
AMK had the concept for the study; contributed to devel-

opment of the study design and methodology; performed

the analysis; contributed to interpretation of results; drafted

the manuscript and contributed to its refinement. SK con-

tributed to development of the study design and methodol-

ogy; managed data collection and entry; contributed to

interpretation of results and contributed to refinement of

the manuscript.
Acknowledgements
The authors would like to thank Associate Professor Kean

Soon and Dr Nadim Shah for their independent adjudication

of diagnoses and outcomes.
References
[1] Kelly AM, Klim S. Prospective external validation of an accelerated (2

hour) acute coronary syndrome rule out process using a contemporary

troponin assay. Int J Emerg Med 2014 Oct 16;7:42.

[2] Body R, Burrows G, Carley SD, Lewis PS. Rapid exclusion of acute

myocardial infarction in patients with undetectable troponin using a

sensitive troponin I assay. Ann Clin Biochem 2015 Feb 23 [epub ahead of

print].

[3] Aldous S, Richards MA, George PM, Cullen L, Parsonage WA, Flaws D,

et al. Comparison of new point-of-care troponin assay with high sensi-

tivity troponin in diagnosing myocardial infarction. Int J Cardiol

2014;177:182–6.

[4] Aroney C, Aylward P, Kelly AM, Chew DPB, Clune E, on behalf of Acute

Coronary Syndrome Guidelines Working Group. Guidelines for the

management of acute coronary syndromes 2006. Med J Aust 2006;184:

S1–S30.

[5] Cullen L, Greenslade J, Merollini K, Hammett CJK, Hawkins T, Than MP,

et al. Cost and outcomes of assessing patients with chest pain in an

Australian emergency department. Med J Aust 2015 202;8:427–33.

[6] Foy AJ, Liu G, Davidson Jr WR, Sciamanna C, Leslie DL. Comparative

Effectiveness of Diagnostic Testing Strategies in Emergency Department

Patients With Chest Pain: An Analysis of Downstream Testing, Inter-

ventions, and Outcomes. JAMA Intern Med 2015;175:428–36.

[7] Hermann LK, Newman DH, Pleasant WA, Rojanasarntikul D, Lakoff D,

Goldberg SA, et al. Yield of routine provocative cardiac testing among

patients in an emergency department-based chest pain unit. JAMA Intern

Med 2013;173:1128–33.

[8] Paoloni R, Ibuowo R. A cohort study of chest pain patients discharged

from the emergency department for early outpatient treadmill exercise

stress testing. Emerg Med Australas 2013;25:416–21.

[9] Hermann LK, Weingart SD, Duvall WL, Henzlova MJ. The limited utility

of routine cardiac stress testing in emergency department chest pain

patients younger than 40 years. Ann Emerg Med 2009;54:12–6.

[10] Hess EP, Brison RJ, Perry JJ, Thiruganasambandamoorthy V, Agarwal

D, Sadosty AT, et al. Development of a clinical prediction rule for

30-day cardiac events in emergency department patients with chest
pital Footscray Western Heal June 15, 2016.
opyright ©2016. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0085
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0085
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0085
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0090
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0090
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0090
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0090
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0095
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0095
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0095
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0095
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0100
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0100
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0100
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0100
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0105
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0105
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0105
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0110
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0110
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0110
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0110
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0115
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0115
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0115
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0115
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0120
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0120
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0120
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0125
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0125
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0125
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0130
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0130
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0130


18 A.-M. Kelly, S. Klim
pain and possible acute coronary syndrome. Ann Emerg Med 2012;59:

115–25.

[11] Belardinelli R, Lacalaprice F, Tiano L, Mucia A, Perna GP. Cardiopulmo-

nary exercise testing is more accurate than ECG-stress testing in diag-

nosing myocardial ischemia in subjects with chest pain. Int J Cardiol

2014;174:337–42.

[12] Litt HI, Gatsonis C, Synder B, Singh H, Miller CD, Entrikin DW, et al. CT

angiography for safe discharge of patients with possible acute coronary

syndromes. New Eng J Med 2012;366:1393–440.

[13] Hoffman U, Truong QA, Schoenfeld DA, Chou ET, Woodard PK,

Nagourney JT, et al. CT coronary angiography versus standard evalua-

tion in chest pain. New Eng J Med 2012;367:299–308.
Downloaded from ClinicalKey.com.au at Western H
For personal use only. No other uses without permission. 
[14] Goodacre S, Bradburn M, Cross E, Fitzgerald P, Collinson P, Gray A, et al.

The RATPAC (Randomised Assessment of Treatment using Panel Assay

of Cardiac Markers Trial): a randomised controlled trial of point-of-care

cardiac markers in the emergency department. Health Technol Assess

2011;15(23).

[15] Kelly AM, Klim S. What is the 30-day Rate of Adverse Cardiac Events in

Chest Pain Patients With ED Troponin I Assays �99th Centile Using a

Contemporary Sensitive Assay: An exploratory analysis. Eur J Emerg

Med 2014;21:276–80.

[16] Conti A, Vanni S, Sammicheli L, Raveggi S, Camaiti A, Pieralli F, et al.

Yield of nuclear scan strategy in chest pain unit evaluation of special

populations. Nucl Med Commun 2008;29:1106–12.
ospital Footscray Western Heal June 15, 2016.
Copyright ©2016. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0130
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0130
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0135
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0135
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0135
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0135
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0140
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0140
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0140
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0145
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0145
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0145
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0150
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0150
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0150
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0150
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0150
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0155
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0155
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0155
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0155
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0155
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0155
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0160
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0160
http://refhub.elsevier.com/S1443-�9506(15)01257-�3/sbref0160

	What is the Yield of Testing for Coronary Artery Disease after an Emergency Department Attendance with Chest Pain?
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Competing Interests
	Authors' Contribution
	Acknowledgements
	References


