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ABSTRACT
Objective In patients with acute chest pain and normal
range cardiac troponin (cTn), accurate risk stratification
for acute coronary syndrome is challenging. This study
assesses the incremental value of stress testing to identify
patients for angiography with a view to revascularisation.
Methods A single-centre observational study recruited
patients with acute chest pain in whom serial cTn tests
were negative and stress testing (exercise tolerance
testing/dobutamine stress echocardiography) was
performed. Stress tests were reported as negative, non-
diagnostic or positive. The primary outcomes were
revascularisation on index admission, or cardiac death
and myocardial infarction over 1 year follow-up.
Results Of 749 patients recruited, 709 underwent
exercise tolerance testing and 40 dobutamine stress echo
of which 548 (73.2%) were negative, 169 (22.6%) were
non-diagnostic and 32 (4.3%) were positive. Patients
with positive tests (n=19 (59.4%)) were more likely to
undergo index admission revascularisation than patients
with non-diagnostic (n=15 (8.9%)) (p<0.001) tests who
in turn were more likely undergo index admission
revascularisation than those with negative tests (n=2
(0.4%)) (p<0.001). The risks of adverse events including
cardiovascular death/acute myocardial infarction were
low and were similar across stress test outcomes.
Conclusions The incremental value of stress testing
was the identification of an additional 34 (4.5% (95%
CI 3.0% to 6.0%)) patients who underwent index
admission revascularisation with a view to preventing
future adverse events. Uncertainty in whether
revascularisation prevents adverse events in patients with
negative cTn means the choice to undertake stress
testing depends on whether clinicians perceive value in
identifying 4.5% of these patients for revascularisation.
Clinical trial registrations ACTRN1260900028327,
ACTRN12611001069943.

INTRODUCTION
It is unclear how best to manage patients presenting
with acute chest pain, a non-diagnostic ECG and
normal range cardiac injury markers (cardiac tropo-
nin, cTn). This diagnostic and prognostic conun-
drum places a significant burden upon primary care
physicians, emergency departments (EDs) and hos-
pital resources.
Guidelines recommend that patients with symp-

toms consistent with cardiac ischaemia, a normal/
near-normal ECG and negative baseline cTn
require further evaluation by standard or acceler-
ated diagnostic protocols (ADPs) which should
include serial cTn testing and ECGs.1–3 Those with
negative serial testing (ie, acute myocardial

infarction (AMI) excluded) may still have had
unstable angina and therefore be at risk for future
adverse cardiac events, with 30 day mortality rates
as high as 5–10%.4 5 As such, additional testing is
recommended to rule out this condition.2 3 6 The
advantages and disadvantages of available test
modalities are listed in table 1.
There are concerns about overuse of such tests

with associated costs, bed resource allocation and
hospital overcrowding.7–9 Identifying patients who
do not need further workup beyond serial cTn and
ECGs could reduce hospital exposure to these risks
and also reduce patient inconvenience.10

We aimed to report the reliability and incremen-
tal value of non-invasive testing as a screening test
to identify patients for angiography with a view to
revascularisation.

MATERIALS AND METHODS
This retrospective analysis planned post recruit-
ment of two studies carried out in Christchurch

Key messages

What is already known on this subject?
▸ In patients with low–intermediate risk acute

chest pain with negative serial cardiac troponin
(cTn), international guidelines suggest an
ischaemia-driven strategy including objective
testing but it remains unclear as to how many
additional patients will be identified for whom
intervention is advisable.

What might this study add?
▸ 4.8% of this single-centre observational study

cohort required index admission
revascularisation; only 0.4% of those with
negative tests underwent revascularisation.

▸ Those with inducible ischaemia were much
more likely to be revascularised. They had
adverse event rates that were no different from
those patients without inducible ischaemia.

▸ Three of 25 patients with positive tests who
underwent angiography did not have flow
limiting disease.

▸ This study suggests simple stress testing
identifies a small proportion of patients with
acute chest pain and negative serial cTn for
angiography with a view to revascularisation.
The perceived clinical value of that proportion
remains largely the subjective decision of the
clinicians involved.
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Hospital, New Zealand includes the Christchurch arm of
ASPECT (ASia Pacific Evaluation of Chest pain Trial)/ADAPT
(2-Hour Accelerated Diagnostic protocol to Assess Patients
with chest pain symptoms using contemporary Troponins as
the only biomarker)11 12 and 2-Hour Diagnostic Protocol for
Possible Cardiac Chest Pain in the ED.13 The studies were
observational then randomised and evaluated an ADP identify-
ing low-risk (thrombolysis in myocardial infarction score=0,
no new ischaemic ECG changes and not elevated cTn
measured at 0 h and 2 h post presentation) patients to be
discharged to outpatient care which commonly included stress
testing. This was compared with a standard hospital protocol
in which patients were admitted for serial testing of cTn at
≥6 h post presentation with inpatient stress testing where
indicated.

Both studies recruited consenting patients presenting to the
ED between 5:30 and 20:00; the first from November 2007
until April 2010 and the second from October 2010 until July
2013. Those with symptoms suggestive of cardiac ischaemia
(acute chest, epigastric, neck, jaw or arm pain or discomfort or
pressure without an apparent non-cardiac source) were
included. Patients were excluded if they were <18 years, unable
to provide informed consent, unwilling to participate or would
not be available for follow-up. Laboratory cTn levels were mea-
sured at presentation (0 h) and again at least 6 h later with an
additional sample taken at 2 h post presentation for study pur-
poses. The decision to perform stress testing, coronary angiog-
raphy and/or other management was at the discretion of the
attending clinician without the knowledge of the ADP results.
The decision to revascularise was at the discretion of the cardi-
ologist who reviewed stress test results.

Extended follow-up at 1 year occurred through review of
patient notes and search of the National Health Index database
(identifies national hospital attendances/deaths using an alpha-
numeric identifier). The follow-up period of 1 year was chosen

because it was considered the longest period in which events
were most likely to be related to the index admission event.

Patient data were recorded according to the comprehensive
standardised data definitions for acute coronary syndrome
(ACS) research in emergency departments in Australasia.14

Diagnoses on admission and at follow-up were independently
adjudicated by a cardiologist and a cardiology research clinician,
blinded to the ADP results. A third adjudicator (a cardiologist)
adjudicated in cases of discrepancy.

The cTn assay was Architect Troponin I, Abbott Diagnostics
(limit of detection 10 ng/L, decision cut point 30 ng/L).

Stress tests were reported independently by cardiologists
blinded to patient history or any other investigation result. A test
was said to be (A) positive if there were either (1) symptoms and
horizontal/down sloping ST depression >1 mm or (2) ST
depression >2 mm without symptoms or (3) inducible ischaemia
on echo; (B) negative if the test was maximal (maximum pre-
dicted heart rate ≥85%), no symptoms, ECG or echo changes;
(C) non-diagnostic if the test was (1) submaximal or (2) there
were ischaemic symptoms but no ECG or echo changes or (3)
ECG changes not fulfilling criteria for a positive test.

The primary outcome measures were revascularisation on
index admission and cardiovascular death or AMI within 1 year
of presentation. Secondary outcome was revascularisation post
index admission within 1 year of presentation. The diagnostic
criteria for AMI were as defined by the universal definition.15

Continuous variables are presented as medians/IQRs, and cat-
egorical variables as numbers/percentages; these were compared
using the Mann-Whitney U test and χ2 test, respectively. All sta-
tistics were completed using SPSS V.20.0.

RESULTS
We recruited 1915 patients (1184 from ASPECT/ADAPT and
731 from the 2-Hour Diagnostic Protocol for Possible Cardiac
Chest Pain in the ED) of whom 432 were cTn-positive. Of the

Table 1 Advantages and disadvantages of functional and anatomical testing for patients presenting with acute chest pain

Modality Advantages Disadvantages

Exercise tolerance testing 1. Modest cost
2. Most widely available
3. Ease of performance

1. Limited by ability to exercise
2. Requires a normal/near-normal baseline ECG
3. Highest proportion of non-diagnostic tests

Exercise stress echo 1. Can provide structural as well as functional data 1. Limited by ability to exercise
2. Limited availability
3. Limited in those with poor echo windows, for example, obesity

Dobutamine stress echo 1. No known hazard to imaging
2. Can provide structural as well as functional data

1. Limited availability
2. Limited in those with poor echo windows, for example, obesity
3. Possible drug reactions

Myocardial perfusion scan 1. Can provide structural as well as functional data 1. Radiation exposure
2. Limited availability
3. Expense
4. Possible drug reactions

Computerised tomography
coronary angiography

1. Confidence in the presence or absence of coronary
disease

2. Can exclude other life-threatening events

1. Radiation exposure
2. Expense
3. Requires slow heart rate
4. Risk of contrast allergy
5. Limited positive predictive value leading to unnecessary invasive angiograms
6. Limited in those with known coronary disease
7. Limited in those with renal insufficiency
8. Limited in those with obesity

Invasive coronary angiogram 1. Confidence in the presence and degree of coronary
disease

1. Not widely available
2. Invasive
3. Radiation exposure
4. Risk of contrast allergy
5. Limited in those with renal insufficiency
6. No functional data unless fractional flow reserve used
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remaining 1483, 755 underwent stress testing. As six patients
were recruited to both studies, only the first presentation was
retained leaving a final cohort size of 749. There were 709
patients who were stressed by exercise tolerance testing (ETT)
and 40 by dobutamine stress echocardiography. Patient
characteristics are shown in table 2. Thirty-two patients tested
positive (4.3%), 169 (22.6%) non-diagnostic (66 (8.8%) equivo-
cal, 103 (13.8%) submaximal) and 548 (73.2%) negative.

Of the 32 patients who tested positive, 25 (78.1%) under-
went angiography and 19 (59.4%) were revascularised during
the index admission. Therefore, the incremental value of stress
testing all patients included in this analysis was identification of
an additional 19 (2.5% (95% CI 1.4% to 3.7%)) patients with
positive tests who underwent revascularisation and who may
not have been identified without stress testing. No flow-limiting
disease was found in 3 of the 25 patients with positive tests who
underwent angiography. There were no adverse events within
the following year among five patients who did not undergo
angiography (either during the index admission or within
1 year).

There were no subsequent cardiac deaths or AMIs within the
year, but three (9.4%) patients required revascularisation post
index admission (two had been revascularised during the index
admission). Six patients had a post index admission angiography
within 1 year (four of whom had had an angiography during
the index admission).

Those with a positive test were more likely to be revascu-
larised on index admission compared with a negative test

(OR 399, (95% CI 79 to 3927)) or non-diagnostic test (OR 15,
(6–40)) but were no more likely to incur cardiac death (p=1
compared with negative tests and 0.663 with non-diagnostic
tests) or AMI (p=1 for both comparisons) within 1 year.

One hundred and sixty-nine (22.6%) tests were non-
diagnostic, (103 submaximal and 66 equivocal—table 3).
Fifteen (8.9%) were revascularised on index admission,
4 (2.4%) sustained subsequent AMI, 1 (0.6%) died from cardio-
vascular death and 16 (9.5%) required post index admission
revascularisation (3 were revascularised on index admission)
within 1 year. The patient who died underwent coronary artery
bypass surgery on index admission and died 203 days later from
vertebral artery thrombosis despite dual antiplatelet therapy.
One patient who sustained subsequent AMI was revascularised
with stenting at the index event, but despite this sustained an
AMI at 9 days and required further stenting. The other three
did not undergo angiography on index admission but were
revascularised following their AMI. Thus, the incremental value
of a non-diagnostic test was identification of an additional 15
(2.0% (1.0% to 3.0%)) patients who underwent index admis-
sion revascularisation.

Those with a non-diagnostic test were more likely to be revas-
cularised on index admission compared with a negative test
(OR 27 (6–238)) but were no more likely to incur cardiac death
(p=0.236) or AMI (p=0.094) within 1 year. Those with sub-
maximal and equivocal results were statistically no different for
index admission revascularisation (p=0.634), AMI (p=1) or
cardiac death (p=0.391).

Table 2 Patient characteristics

Characteristic
Number (%) OR
Median (IQR)

All
N=749

Negative
n=548

Submaximal
n=103

Equivocal
n=66

Positive
n=32

Age, years 58 (50–66) 56 (49–64) 64 (56–72) 61 (55–66) 64 (57–67)
Male 451 (60.2) 332 (60.6) 52 (50.5) 47 (71.2) 20 (62.5)
Ethnicity
New Zealand/other 689 (92.0) 507 (92.5) 92 (89.3) 60 (90.9) 30 (93.8)
European Maori/Pacific Islander 31 (4.1) 18 (3.3) 7 (6.8) 5 (7.6) 1 (3.1)
Other 29 (3.9) 23 (4.2) 4 (3.9) 1 (1.5) 1 (3.1)

Known IHD 273 (36.4) 166 (30.3) 58 (56.9) 34 (51.5) 15 (46.9)
Prior AMI 158 (21.1) 92 (16.8) 37 (35.9) 22 (33.3) 7 (21.9)
Prior revascularisation 188 (25.1) 108 (19.7) 44 (42.7) 23 (34.8) 13 (40.6)
CABG 39 (5.2) 19 (3.5) 11 (10.7) 6 (9.0) 3 (9.4)
PCI 176 (23.5) 105 (19.2) 38 (36.9) 21 (31.8) 12 (37.5)

Hypertension 340 (45.4) 226 (41.2) 62 (60.2) 34 (51.5) 18 (56.3)

Dyslipidaemia 384 (51.3) 259 (47.3) 67 (65.0) 40 (60.6) 18 (56.3)
Diabetes 83 (11.1) 53 (9.7) 14 (13.6) 9 (13.6) 7 (21.9)
Smoking 441 (58.9) 315 (57.5) 64 (62.1) 41 (62.1) 21 (65.6)
Current 126 (16.8) 98 (17.9) 16 (15.5) 7 (10.6) 5 (15.6)
Ex 315 (42.1) 217 (39.6) 48 (46.6) 34 (51.5) 16 (50.0)

Family history IHD 452 (60.3) 316 (57.7) 63 (61.2) 49 (74.2) 24 (75.0)
PVD 20 (2.7) 14 (2.6) 3 (2.9) 1 (1.5) 2 (6.3)
Prior stroke 35 (4.7) 26 (4.7) 5 (4.9) 2 (3.0) 2 (6.3)
Body mass index 28 (25–31) 28 (25–30) 30 (26–33) 27 (24–31) 27 (25–29)
Creatine, mmol/L 85 (76–95) 84 (76–94) 86 (76–100) 89 (77–96) 86 (77–99)
Risk score
Modified TIMI score 0 (1–3) 1 (0–2) 2 (1–4) 2 (0–3) 2 (1–3)
EDACS 14 (10–18) 13 (9–17) 16 (12–19) 16 (12–19) 15 (12–19)

Time to presentation, hours 3 (2–8) 3 (2–8) 3 (1–7) 5 (2–12) 3 (1–9)
Length of stay, hours 28 (25–38) 27 (24–30) 30 (26–76) 49 (27–119) 123 (95–180)

AMI, acute myocardial infarction; CABG, coronary artery bypass surgery; EDACS, Emergency Department Assessment of Chest pain Score; IHD, ischaemic heart disease, PCI,
percutaneous coronary intervention; PVD, peripheral vascular disease; TIMI, thrombolysis in myocardial infarction.
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The overall incremental value of stress testing over serial cTn
testing alone was the identification of an additional 34 (4.5%
(95% CI 3.0% to 6.0%)) patients with a non-negative test who
underwent index admission revascularisation.

There were 548 (73.1%) patients with a negative test, of
whom 2 (0.4%) were revascularised on index admission. There
were four (0.7%) who sustained AMI, and there were no cardio-
vascular deaths. Ten (1.8%) underwent post index admission
revascularisation (one of whom had been revascularised during
the index admission).

DISCUSSION
This study has shown that stress testing, when used to identify
patients believed to need invasive testing, a non-negative test (ie,
a positive or non-diagnostic test), identified an additional 4.5%
(3.0% to 6.0%) cTn-negative patients who underwent revascu-
larisation. These patients may not have been identified had
stress testing not been performed. There is however, definite
selection bias, as patients with positive and, to a lesser degree,
non-diagnostic tests are more likely to be selected for angiog-
raphy which is likely to increase the chance of revascularisation.

Performing stress testing in patients with negative serial cTn is
contentious and not part of many institutional protocols for
investigation of patients with acute chest pain, despite knowl-
edge that serial cTns alone do not identify all patients at risk of
adverse cardiac events and despite guidelines recommending
further testing. Selecting which secondary test is appropriate for
such patients is dependent upon physician judgement and insti-
tutional resources. Many investigations such as angiography (CT
or invasive) are not available in many institutions, are likely not
cost-effective and have health implications.

Stress testing is intuitively useful for unstable angina as these
patients are likely to have inducible ischaemia. However, the
increased risk of adverse cardiac events is not demonstrated in
patients with stable angina or non-cardiac chest pain with asymp-
tomatic coronary artery disease who may also have inducible

ischaemia. Despite this, the diagnostic performance of stress tests
have unfortunately been assessed by their ability to detect coron-
ary artery disease, often using a stenosis cut-off of 50% (a level
at which one would not expect inducible ischaemia).

Stress testing, particularly ETT, is widely available but many
centres do not use it as presumably they see no incremental
value in its use as a standard secondary test. Certainly this and
other studies have shown that the rate of positive tests is very
low,4 5 8–10 16–21 small proportions would therefore be consid-
ered ‘at-risk’. Also there are small proportions of false-positives
(with consequent unnecessary exposure of some patients to the
risks of invasive testing) and false-negatives (giving a false sense
of security to those with negative results), although this is inher-
ent with a test that intends to stratify risk rather than give a
definitive result. In addition, proportions of patients with non-
diagnostic results are high4 5 9 17–23 (again risking unnecessary
exposure to invasive testing).

In addition, study data has implied no incremental value in
stress testing . Foy et al performed a retrospective analysis of
health insurance claims in individuals with a diagnosis of chest
pain in the ED and found 127 986 of 421 774 patients received
an initial non-invasive test. These patients were more likely to
receive revascularisation but no more likely to sustain AMI by
190 day follow-up.24 Quantification of the direct benefits of
revascularisation in troponin-negative patients in terms of reduc-
tion in AMI and death rates is currently unclear. It is, therefore,
a subjective decision by clinicians concerned whether identifica-
tion and subsequent revascularisation of <5% of patients under-
going stress testing is of value or not.

Goodacre et al25 performed decision analysis modelling
showing that further testing in patients with troponin-negative
suspected ACS was only likely to be cost-effective (or even
effective, given the risks of coronary angiography) if the com-
bined risk of death and AMI was >2–3%. The rate of cardiovas-
cular death and AMI in those with non-negative tests in this
study was 2.4% (n=5; 95% CI 0.3% to 4.6%) which suggests

Table 3 Patient outcomes

Outcome All Negative Submaximal Equivocal Positive
Number (%) N=749 n=548 n=103 n=66 n=32

Death within 1 year 5 (0.7) 2 (0.4) 3 (2.9) 0 0
Cardiovascular death 1 (0.1) 0 1 (1.0) 0 0

ACS within 1 year 27 (3.6) 11 (2.0) 7 (6.8) 7 (10.6) 2 (6.3)
AMI 8 (1.1) 4 (0.7) 3 (2.9) 1 (1.5) 0
Unstable angina 19 (2.5) 7 (1.3) 4 (3.9) 6 (9.0) 2 (6.3)

Revascularisation
On index admission 36 (4.8) 2 (0.4) 10 (9.7) 5 (7.6) 19 (59.4)
Post index admission 29 (3.9) 10 (1.8) 6 (5.9) 10 (15.0) 3 (9.4)
Total 59 (7.9) 11 (2.0) 15 (14.6) 13 (19.7) 20 (62.5)
PCI 47 (6.3) 7 (1.3) 14 (13.6) 10 (15.2) 16 (50.0)
CABG 13 (1.7) 4 (0.7) 2 (1.9) 3 (4.5) 4 (12.5)

Angiography
On index admission 93 (12.4) 15 (2.7) 24 (23.3) 29 (43.9) 25 (78.1)
Post index admission 38 (5.0) 15 (2.7) 6 (5.8) 11 (16.7) 6 (18.8)
Total 115 (15.4) 27 (4.9) 28 (27.2) 33 (50.0) 27 (84.4)
Stenosis ≥50% 78 (10.4) 16 (2.9) 16 (15.5) 22 (33.3) 24 (75.0)
Stenosis ≥70% 66 (8.8) 12 (2.2) 15 (14.6) 17 (25.8) 22 (68.8)

Readmission with NCCP 58 (7.7) 34 (6.2) 13 (12.6) 6 (9.1) 5 (15.6)

Primary outcomes in bold.
ACS, acute coronary syndrome; AMI, acute myocardial infarction; CABG, coronary artery bypass graft; echo, echocardiography; ETT, exercise tolerance testing; NCCP, non-cardiac chest
pain; PCI, percutaneous coronary intervention.
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borderline benefit. However, while adverse outcome rates are
undoubtedly important, these rates do not truly reflect the risk
of each group (by stress test outcome) given that many were
revascularised during the index event. Revascularisation could
have prevented adverse events in our cohort and that of Foy
et al, although this is impossible to prove. Stress testing may
also have prevented three AMIs in our cohort had the patients
with non-diagnostic tests gone for angiography at the index
event; however this is also not possible to prove. The only true
way to see if adverse event rates are stratified by stress test result
is to perform stress tests but not act on the result (eg, by not
performing angiography), however this is ethically and medico-
legally unsound. The alternative is to randomise patients to
stress testing versus not. However the tenuous evidence for a
link between revascularisation and AMI or death means that any
such trial would need to be prohibitively large to detect a
signal. An intermediate step may be the collection of large quan-
tities of data from multiple observational studies where differ-
ences in practice may be compared.

In addition to potentially preventing adverse events, without
stress testing, readmission rates may increase. A previous study
showed that hospital admission rates decreased significantly by
∼5% after initiation of an assessment protocol that included
stress testing.19 Another study found that representation and
hospital readmission rates within 1 year for those with a nega-
tive ETTwere 20% and 10% more, respectively, than those with
negative invasive coronary angiogram.9 It appears, therefore,
that some form of testing beyond ECGs and serial cTn is risk
stratifying and reassuring for patients and treating physicians
and that invasive coronary angiogram is more reassuring than
stress testing. This must be balanced against the practical and
economic reality of testing all these patients in such a way. Our
study had low 1 year readmission rates (7.7%).

It should be noted however, that there will always be patients
who do not follow the ‘rules’, and that clinical judgement
remains essential for optimal interpretation and application of
tests.

Limitations
This is a single-centre observational study that needs corrobor-
ation with other centres. Referral for stress testing was discre-
tionary by the attending physician, potentially leading to
selection bias. The stress test result also leads to selection bias as
more patients with positive results are selected for angiography
and are therefore more likely to receive revascularisation.

Comparison was not made with the group with negative cTn
who did not undergo stress testing as 1 year outcomes in this
group were unknown. However, this group would be highly
heterogeneous comprising those unsuitable for further testing
because of comorbidities, those with known significant coron-
ary artery disease that is for medical management, those
proceeding directly to angiography, and those assessed as so
unlikely to have unstable angina that stress testing was not
considered necessary. As such, this group would not be a good
comparator.

Conclusion
In this acute chest pain population with negative troponin
results the incremental value of stress testing was the identifica-
tion of an additional 34 (4.5% (95% CI 3.0% to 6.0%))
patients who underwent index admission revascularisation with
a view to preventing future adverse events. The risk of adverse
events including cardiovascular death/AMI were low and were
similar across stress test outcomes although the risk of these

events may have been mitigated in those receiving revascularisa-
tion on the index event.
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