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Research

Utility of exercise electrocardiography
testing for the diagnosis of coronary artery
disease in a remote Australian setting

oronary artery disease (CAD)

remains the leading cause of

death in Australia, both in the
general population and also among
Aboriginal and Torres Strait Islander
peoples (referred to henceforth as
Indigenous Australians).! Indigenous
Australians are three times as likely to
suffer a major coronary event than are
non-Indigenous Australians,? and
cardiovascular disease remains the
leading cause of Indigenous mortality
and the main contributor to the mor-
tality gap between Indigenous and
non-Indigenous Australians.®> Fur-
thermore, the burden and severity of
other diseases that predispose to
CAD are higher among Indigenous
Australians.*

Patients with an acute coronary
syndrome (ACS), as defined by
electrocardiography results and bio-
chemical markers, proceed to coro-
nary angiography, which is
considered the gold standard diag-
nostic tool for CAD; however, its use
is limited due to its invasive nature,
cost and accessibility.’ In the absence
of a definite ACS, less invasive, and
often more accessible, exercise stress
testing is used. Stress testing deter-
mines the significance of a patient’s
symptoms by indicating whether
functional myocardial ischaemia
occurs and therefore whether further
investigations, including coronary
angiography, are needed.

Alice Springs Hospital (ASH), in
the Northern Territory, services a dis-
persed population of 45000 people
spread over 1 million square kilome-
tres, of whom 44% are Indigenous
Australians.® ASH is about 1500 kilo-
metres from the nearest angiography
facilities and relies on exercise electro-
cardiography testing (EET) to priori-
tise patients for further investigation
of possible CAD. Patients with a “pos-
itive” test are typically referred for
coronary angiography, and patients
with a “negative” test are usually
reassured and assumed to be at low
risk of significant CAD.” Inconclusive

Objective: To determine the utility of exercise electrocardiography testing (EET)
in evaluating suspected coronary artery disease in a remote Australian setting
where a significant proportion of patients are Indigenous Australians.

Design: Retrospective cohort study with grouping based on EET results.

Patients and setting: 268 patients with suspected coronary artery disease who
underwent EET at Alice Springs Hospital — a specialist teaching hospital in
Central Australia with no resident specialist cardiology service — in the period

1June 2009 to 31 May 2010.

Main outcome measures: Diagnosis of coronary artery disease, based on
coronary angiography and/or admission with acute coronary syndrome, in the 24

months after EET.

Results: Indigenous patients were younger, more likely to be women and were
twice as likely as non-Indigenous patients to have a chronic disease. Indigenous
patients and those with a chronic disease had a higher proportion of inconclusive
results. Completed EET had a positive predictive value of 48.1% (95% Cl, 28.7%—
68.1%) and a negative predictive value of 96.5% (95% Cl, 93.2%-98.5%).
Similar results were seen among Indigenous and non-Indigenous patients.

Conclusions: Inregional and remote Australian settings, EET remains an
important tool for the diagnosis of coronary artery disease. It is useful, and is
reassuring to patients and clinicians if the result is negative, particularly ina
remote Indigenous Australian population with a significant burden of

cardiovascular risk.

test results typically lead to referral for
stress echocardiography — the timing
of which is reliant on the frequency of
visiting cardiologists. Consequently,
the results of EET are heavily relied
upon to inform a diagnosis and man-
agement plan. In non-Indigenous
populations, the usefulness of EET
has been reflected in its reported high
negative predictive value of 99% 511
We chose to retrospectively audit the
performance of EET in our local popu-
lation, as its diagnostic utility in a
setting with a significant proportion
of Indigenous Australians has not
been studied. In addition, we assessed
the significance of inconclusive EET
results with regard to subsequent
clinical outcomes, as patients with
inconclusive results may be at
increased risk of CAD-related events
while waiting for further diagnostic
testing.

We undertook a retrospective audit of
data for patients with suspected CAD
who underwent EET between 1 June
2009 and 31 May 2010. We excluded

patients with a pre-existing diagnosis
of CAD and those not permanently
residing in the NT. Data collected
included patient demographics, CAD
risk factors, results of the EET, and
clinical outcomes for the following 2
years as documented in the patients’
medical records.

ASH uses the Bruce protocol for
conducting EET, aiming to achieve a
target age- and sex-based heart rate,
exercise duration and workload
(based on metabolic equivalents
[METS]).” A positive result was one or
more of: angina during exercise; ST-
segment depression that was >1mm
and/or downsloping; reduction in
blood pressure of >10mmHg from
baseline and/or multiple ventricular
premature complexes or runs of ven-
tricular tachycardia. A negative test
result was recorded if the patient was
asymptomatic with a normal electro-
cardiogram and blood pressure
response on completion of maximal
testing. A patient who failed to com-
plete the test for reasons other than
those that would classify the test as
being positive was reported as having
an inconclusive test result.'’
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1 Descriptive details of 268 patients who underwent exercise electrocardiography testing 1June 2009 — 31 May 2010

All patients Indigenous patients Non-Indigenous patients
No. Proportion (95% CI)* No. Proportion (95% Cl)* No. Proportion (95% CI)* Pt

Age in years, median (IQR) - 49.0 (41.6-575) - 45.7 (39.1-55.3) - 51.0 (44.9-58.6) 0.004%
Total number 268 100% 108 40.3% 150 56.0% -
Women n8 44.0% (38.0%—-50.2%) 64 59.3% (50.0%-68.7%) 52 34.7% (27.0%—42.4%) <0.001
History of smoking 1037245 42.0% (35.8%—-48.5%) 48/100 48.0% (37.9%—-58.2%) 55/145  379% (30.0%—-46.4%) 0.2
Family history of CAD 67/155  43.2% (35.3%—51.4%) 24/45 53.3% (37.9%—-68.3%) 43/110  391% (29.9%-48.9%) 0.10
Any chronic disease 1897262  721% (66.3%—-775%) 88/108 81.5% (72.9%-88.3%) 101/148 68.2% (60.1%—-75.6%) 0.02

Diabetes mellitus 80/250 32.0% (26.3%-38.2%) 57/107  53.3% (43.7%—62.9%) 23/143 16.1% (10.0%-22.2%) < 0.001

Hypertension 132/252 52.4% (46.0%-58.7%) 71/107 66.4% (56.6%—75.2%) 61/145  421% (33.9%-50.5%) <0.001

Dyslipidaemia 139/237 58.6% (52.1%—-65.0%) 71/98 72.4% (62.5%-81.0%)  68/139 48.9% (40.4%-575%) <0.001
Renal impairment (eGFR <60 mL/min/173m?)  18/215 8.4% (5.0%-12.9%) 14/98 14.3% (8.0%—-22.8%) 4/M 3.6% (1.0%-9.0%) 0.02
Albuminuria (ACR > 3.4 mg/mmol) 26/48 54.2% (39.2%-68.6%) 25/38 65.8% (48.6%—-80.4%) 1/8 12.5% (0.3%—-52.7%) 0.02
Renal impairment or albuminuria 35/216  16.2% (11.6%—21.8%) 31/99 31.3% (22.4%—41.4%) 4/M 3.6% (1.0%-9.0%) <0.001
* Unless otherwise indicated. t 32 unless otherwise indicated. + Wilcoxon rank-sum test. ACR = albumin: creatinine ratio. CAD = coronary artery disease.
eGFR = estimated glomerular filtration rate. IQR = interquartile range. *
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Clinical outcomes were reviewed
for 2 years after EET for details of
subsequent coronary angiography
results consistent with CAD, readmis-
sion to ASH for investigation of chest
pain and readmission to ASH with a
separation diagnosis of an ACS. Our
assessment of the overall utility of
EET was based on the risk of having a
coronary angiogram suggestive of
either CAD or an ACS within 24
months of testing.

Statistical analysis was undertaken
using Statal2 (StataCorp). Continu-
ous variables were compared using
the Wilcoxon rank-sum test; categori-
cal variables were compared using the
x* test. Continuous non-parametric
data are presented as medians with
interquartile range, and categorical
variables are presented as percentages
with binomial confidence intervals.
Logistic regression models were cre-
ated using a backwards stepwise
approach, including in the first model
all variables shown in univariable
models to be related to test outcome,
as well as variables that differed
between Indigenous and non-Indige-
nous subjects at baseline. All statisti-
cal tests were two-sided and P less
than 0.05 was taken to indicate statis-
tical significance. Ethics approval for
the study was provided by the Central
Australian Human Research Ethics
Committee.

We reviewed the medical records and
EET results of 268 patients who met
our inclusion criteria. Descriptive data
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related to these patients are presented
in Box 1. Indigenous identity was not
reported for 10/268 patients (3.7%).
Indigenous patients were significantly
younger than non-Indigenous
patients and were more likely to be
women. They were also twice as likely
to have been diagnosed with one or
more chronic diseases (OR, 2.0; 95%
CI, 1.1-3.7), particularly diabetes mel-
litus (OR, 5.9; 95% CI, 3.3-10.7) and
chronic kidney disease (OR, 12.2; 95%
CI, 4.1-36.1), compared with non-
Indigenous patients.

The results of EET and outcomes
over the subsequent 24 months are
outlined in Box 2. Indigenous patients
were less likely to reach a maximum
heart rate or adequate workload (>10
METS) (OR, 10.3; 95% CI, 5.3-20.3).
In turn, this translated to a higher
proportion of Indigenous patients
having inconclusive test results com-
pared with non-Indigenous patients
(57/108 v 32/150; P<0.001) and a
lower proportion having positive (6/
108 v 21/150; P =0.03) and negative
(45/108 v 97/150; P<0.001) test
results (Box 2). In logistic regression
modelling, the major factors inde-
pendently associated with an incon-
clusive result were a diagnosis of
one or more chronic diseases (OR,
6.0; 95% CL, 2.5-14.1) and identify-
ing as Indigenous (OR, 3.7; 95% CI,
2.1-6.6).

Compared with patients with an
inconclusive or negative EET result,
patients with a positive result were
more likely to proceed to coronary
angiography (21/34; P<0.001) and
were significantly more likely to

present to hospital with chest pain in
the following 2 years (11/28; P=
0.001). Indigenous patients were less
likely than non-Indigenous patients
to proceed to coronary angiography
(10/34 v 24/34, respectively; P =0.114),
and more likely to present with an
ACS in the following 2 years (4/108 v
2/139, respectively; P=0.25); how-
ever, neither of these differences were
statistically significant. Overall, the
risk of presenting with an ACS within
24 months significantly increased as
the result of EET moved from negative
to inconclusive to positive (OR, 4.4;
95% CI, 1.4-14.0). A similar relation-
ship to EET results was seen for re-
presentation with chest pain within
12 months (OR, 2.0; 95% CI, 1.3-3.1)
and re-presentation with chest pain
within 24 months (OR, 2.0; 95% CI,
1.3-2.9).

The sensitivity, specificity and posi-
tive and negative predictive values of
EET in our sample are summarised in
Box 3.

EET clearly represents a cheap, non-
invasive diagnostic modality for
screening patients presenting with
suspected CAD. Our findings provide
reassurance that, when maximal test-
ing can be completed, EET has per-
formance characteristics that are at
least equivalent to those reported in
the literature.! Even when inconclu-
sive results were included, the lack of
a positive EET continued to confer a
low risk of a subsequent presentation
with an ACS. While the presence of



2 Exercise electrocardiography testing results and patient outcomes

Research

All patients Indigenous patients Non-Indigenous patients
No. Proportion (95% Cl)* No. Proportion (95% CI)* No. Proportion (95% Cl)* P

Exercise electrocardiography test result

Positive 317268 11.6% (8.0%—-16.0%) 6/108 5.6% (2.1%-11.7%) 21/150 14.0% (8.9%—-20.6%) 0.03

Inconclusive 90/268 33.6% (28.0%-39.6%) 57/108 52.8% (42.9%—-62.5%) 32/150 21.3% (15.1%-28.8%) <0.001

Negative 147/268  54.9% (48.7%-60.9%) 45/108 41.7% (32.3%—51.5%) 97/150 64.7% (56.5%-72.3%) <0.001
Coronary angiography performed 34/268 12.7% (8.9%-17.3%) 10/108 9.3% (4.5%-16.4%) 24/150 16.0% (10.5%—22.9%) o
Proportion of coronary angiograms that 18/34 52.9% (35.1%—-70.2%) 5/10 50.0% (18.7%—-81.3%) 13/24 54.2% (32.8%—74.4%) 0.82
were positive
Acute coronary syndrome

Within 1 year 4/263 1.5% (0.4%-3.8%) 3/108 2.8% (0.6%—7.9%) 17145 0.7% (0-3.8%) 0.12

Within 2 years 6/255 2.4% (0.9%—5.1%) 4/108 3.7% (1.0%-9.2%) 2/139 1.4% (0.2%—-5.1%) 0.25
Acute coronary syndrome and/or positive angiogram

Within 1 year 20/263 7.6% (4.7%—11.5%) 7/108 6.5% (2.6%-12.9%) 13/145 9.0% (4.9%—14.8%) 0.47

Within 2 years 21/255 8.2% (5.2%-12.3%) 8/108 7.4% (3.3%-14.1%) 13/139 9.4% (5.1%-15.5%) 0.59
Readmission with chest pain

Within 1 year 55/264  20.8% (16.1%—-26.2%) 28/108  259% (18.0%-35.2%) 25/146 171% (11.4%—24.2%) 0.09

Within 2 years 67/256  26.2% (20.9%-32.0%) 35/108 32.4% (23.7%—42.1%) 30/140 21.4% (14.9%—29.2%) 0.05
* Unless otherwise indicated. *

3 Diagnostic utility of exercise electrocardiography testing*

Prevalence of outcome'

Sensitivity

Specificity

Positive predictive value Negative predictive value

All patients
All test results (n =268)

Inconclusive results excluded
(n=178)

Indigenous patients
All test results (n =108)

Inconclusive results excluded
(n=151)

Non-Indigenous patients
All test results (n =150)

Inconclusive results excluded
(n=18)

8.5% (5.2%-12.3%)
9.0% (5.1%—14.4%)

7.4% (3.3%—14.1%)
9.8% (3.3%—-21.4%)

9.4% (5.1%-15.5%)
9.2% (4.5%-16.2%)

61.9% (38.4%—-81.9%)
86.7% (59.5%—-98.3%)

37.5% (8.5%-75.5%)
60.0% (14.7%—94.7%)

76.9% (46.2%—95%)
100% (69.2%-100%)

94.0% (90.2%—-96.7%)
90.8% (85.0%-94.9%)

97.0% (91.5%—-99.4%)
93.5% (82.1%-98.6%)

93.7% (87.9%-97.2%)
91.9% (84.7%—96.4%)

48.1% (28.7%—68.1%)
48.1% (28.7%—68.1%)

50.0% (11.8%—-88.2%)
50.0% (11.8%—88.2%)

55.6% (30.8%-78.5%)
55.6% (30.8%—78.5%)

96.5% (93.2%—-98.5%)
98.6% (94.9%—-99.8%)

95.1% (88.9%-98.4%)
95.6% (84.9%—-99.5%)

97.5% (92.9%—-99.5%)
100% (96.0%-100%)

*All values are % (95% Cl). T Defined as coronary angiogram suggestive of coronary heart disease or an acute coronary syndrome within 24 months of testing. *

chronic disease was the main predic-
tor of an inconclusive EET there was
also an independently elevated risk
associated with being Indigenous.
This may be related to physical and
social factors, including familiarity
with treadmill exercise, and fitness.

A focus should be to reduce the
proportion of inconclusive tests. In
general, an image-based myocardial
stress study, typically echocardio-
graphy with dobutamine, is per-
formed when the EET result is
inconclusive. These tests are con-
ducted by visiting cardiologists, but
waiting periods are variable and may
extend to months. In the interim, a
person with possible CAD may go
without treatment and be at risk of a
preventable adverse outcome — dem-

onstrated in our study by the high
rates of loss to follow-up and re-
presentation with an ACS. Possible
solutions include enhanced orienta-
tion and education of patients before
they undergo EET, and greater use of
Indigenous language translators.

Our study was limited by its reli-
ance on retrospective collection of
data that were non-standardised. The
information gathered was limited to
data documented at the time of the
EET. Similarly, follow-up of patients
re-presenting with ACS or chest pain
was restricted to those who presented
to ASH. Nonetheless, as the only
referral hospital servicing the Central
Australian region, most clinically sig-
nificant events in remote clinics would
have been captured. This limitation

could be overcome by repeating the
audit prospectively.

In summary, EET is likely to remain
a useful and important tool in deter-
mining the risk of CAD among
patients in regional and remote Aus-
tralian locations where onsite special-
ist cardiology services are limited.
Further attention should be given to
how inconclusive test results could be
reduced. Positive initiatives may
include greater involvement of Indig-
enous people in the health care work-
force associated with EET, exploring
patients’” understanding of the con-
cepts of CAD and exercise, and edu-
cating patients and health care
providers. Greater use of myocardial
stress testing modalities that do not
require specialist cardiologists, such
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as cardiac computed tomography
angiography, or training local staff to
perform stress echocardiography
could also be considered as means of
enhancing the care of patients with
inconclusive results.
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