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ARTICLE INFO ABSTRACT

Keywords: Background: To understand the economic impact of an accelerated 0/1-hour high-sensitivity troponin-T (hs-

Cost-effectiveness ¢TnT) protocol.

High-sensitivity troponin Objective: To conduct a patient-level economic analysis of the RAPID-TnT randomised trial in patients presenting

Acute coronary syndrome .

Rendomised trial with suspected acute coronary syndrome (ACS).

RAPID TnT Methods: An economic evaluation was conducted with 3265 patients randomised to either the 0/1-hour hs-cTnT
protocol (n = 1634) or the conventional 0/3-hour standard-of-care protocol (n = 1631) with costs reported in
Australian dollars. The primary clinical outcome was all-cause mortality or new/recurrent myocardial infarction.
Results: Over 12-months, mean per patient costs were numerically higher in the 0/1-hour arm compared to the
conventional 0/3-hour arm (by $472.49/patient, 95% confidence interval [95 %CI]: $-1,380.15 to $2,325.13, P
= 0.617) with no statistically significant difference in primary outcome (0/1-hour: 62/1634 [3.8%], 0/3-hour:
82/1631 [5.0%], HR: 1.32 [95 %CI: 0.95-1.83]1, P = 0.100). The mean emergency department (ED) length of
stay (LOS) was significantly lower in the 0/1-hour arm (by 0.62 h/patient, 95 %CI: 0.85 to 0.39, P < 0.001), but
the subsequent 12-month unplanned inpatient costs was numerically higher (by $891.22/patient, 95 %CI:
$-96.07 to 1,878.50, P = 0.077). Restricting the analysis to patients with hs-cTnT concentrations < 29 ng/L,
mean per patient cost remained numerically higher in the 0/1-hour arm (by $152.44/patient, 95 %CI:$-1,793.11
to $2,097.99, P = 0.988), whilst the reduction in ED LOS was more pronounced (by 0.70 h/patient, 95 %CI:
0.45-0.95, P < 0.001).
Conclusions: There were no differences in resource utilization between the 0/1-hour hs-cTnT protocol versus the
conventional 0/3-hour protocol for the assessment of suspected ACS, despite improved initial ED efficiency.
Further refinements in strategies to improve clinical outcomes and subsequent management efficiency are
needed.

1. Introduction 2020 European Society of Cardiology (ESC) guidelines for the assess-
ment of patients with suspected acute coronary syndrome (ACS) in

High-sensitivity cardiac troponin (hs-cTn)-based accelerated 0/1- preference to the conventional 0/3-hour algorithms [1,2]. These rec-
hour and 0/2-hour algorithms are recommended by the 2016 and ommendations are based on large multicentre observational studies of
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the accelerated protocols that have consistently demonstrated excellent
diagnostic performance and equivalent safety [3-12]. Our group pre-
viously reported the 30-day and the 12-month outcomes of the first
patient-level randomised trial of a 0/1-hour hs-cTnT protocol, the Rapid
Assessment of Possible ACS in the emergency Department with high
sensitivity Troponin T trial (RAPID-TnT trial) [13] demonstrating
equivalent safety and initial ED efficiency [14].

Given the expected increase in the use of hs-cTn following its
approval by the United States Food and Drug administration (US FDA) in
2019 and ESC recommendations in 2020 [1], robust evaluation of
accelerated hs-cTn-based algorithms and their translational benefit in
terms of outcome as well as cost-effectiveness analyses is necessary. A
prior randomised study of non-protocolised use of hs-cTnT by our group
found fewer adverse cardiac events but with an incremental cost of
$108,552 per adverse event avoided; raising cost as a potential barrier to
implementation [15]. Other observational and modelling studies have
also reported similar results [3,16-18]. Several observational studies on
accelerated hs-cTn algorithms have shown positive results with poten-
tial reductions in resource utilization [4,6,19]. Contemporary data from
the US also reported similar findings with hs-cTn implementation being
associated with fewer cardiac functional tests, invasive catheterisations,
and no significant change in overall resource use [20,21]. While these
studies are informative, they are limited by a number of potential factors
that may not accurately reflect real world costs, including non-
randomised design, as well as relatively short follow-up period and
imputed data in some studies [4,6,19-21]. No study to date has evalu-
ated the cost-effectiveness of an accelerated 0/1-hour hs-cTn protocol in
the setting of a randomised trial. In this study we conducted a formal
patient-level economic analysis of the RAPID-TnT trial with a 12-month
follow-up period in patients presenting to ED with suspected ACS.

2. Methods
2.1. Study design and patient population

The detailed methods and results of the RAPID-TnT trial have been
described elsewhere [22]. In brief, this was a multicentre randomised
trial that recruited patients presenting with clinical features of suspected
ACS to four metropolitan public EDs in Adelaide (Australia) between
August 2015 and April 2019. The main exclusion criteria were ST-
elevation MI and need for permanent renal replacement therapy. Pa-
tient were randomised in a 1:1 ratio to either a ‘0/1-hour protocol’ using
a hs-cTnT reporting format with guidance on subsequent care based on
baseline hs-cTnT concentrations and change over 1 h (hereafter referred
to as the ‘0/1-hour hs-cTnT protocol’) or a conventional standard-of-
care ‘0/3-hour protocol’ with troponin T results masked equal to or
below 29 ng/L and subsequent management at clinician discretion as
per routine practice (hereafter referred to as the ‘conventional 0/3-hour
protocol’). All troponin tests were performed using the Roche Di-
agnostics (Cobas) Elecsys 5th generation hs-cTnT assay (limit of detec-
tion [LOD]: 5 ng/L, 99th percentile: 14 ng/L). The Southern Adelaide
Clinical Human Research Ethics Committee provided approval (207.15;
Australian and New Zealand Clinical Trial Registry Number
ACTRN12615001379505). Funding was provided by the National
Health and Medical Research Council of Australia (GNT1124471) with
supplementary support from an unrestricted grant from Roche Di-
agnostics International (Rotkreuz, Switzerland).

2.2. Primary adverse clinical outcome

The primary clinical outcome for the economic evaluation was the
cumulative combined endpoint of all-cause mortality and new or
recurrent MI up to 12 months. All re-presentations were assessed for
cardiac investigations and the following were considered to be new or
recurrent MI as per the Fourth Universal Definition of MI: (i) a rise and/
or fall in hs-cTnT defined as a change > 20% with a rate of change of > 3
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ng/L/hr with at least one sample above 14 ng/L; (ii) clear evidence of
ischemia by a typical clinical history (type 1 and 2 only) or ischemic
electrocardiograph (ECG) changes, new pathological Q waves, new wall
motion abnormalities on cardiac imaging, or angiographic findings; and
(iii) MI diagnosis outside of the first 12 h since randomisation unless the
patient was discharged and re-presented within 12 h (i.e. indicative of
missed MI). Re-presentations to hospital or late troponin elevations
without verifiable evidence of myocardial ischemia were reported as
myocardial injury and not MI.

2.3. Cost-effectiveness evaluation

We conducted cost effectiveness analysis in line with best practice
guidelines using an intention-to-treat (ITT) approach [23-25]. The
perspective for the economic analysis was that of the Australian public
health system. The economic evaluation assessed whether the 0/1-hour
hs-cTnT protocol was cost- effective compared with the conventional 0/
3-hour protocol. We used non-parametric bootstrapping [26] to derive
1000 paired estimates of mean differences in costs and events avoided
from participant level data in order to account for uncertainty due to
sampling variation, presented in the form of a cost-effectiveness plane
(CEP) [27]. All costs are reported in 2020 Australian dollars (AUD). No
discounting was required since the study duration was one year.

2.4. Service use and costs

Total number of ED presentations, hospital admissions, out-of-
hospital services and prescription medication were presented as
counts. Costs for each component of health service use were calculated
as follows: Medicare costs for out-of-hospital services were estimated
using the Medicare Benefits Schedule (MBS) public subsidy paid for each
of these items. Medicare costs for out-of-hospital services included costs
for tests (including hs-TnT and cTnT testing and reporting), treatments
and investigations; medical consultations and primary care (including
general practice visits). Publicly (Medicare) subsidised prescription drug
costs were estimated using the Pharmaceutical Benefits Scheme (PBS)
paid for each of the drugs dispensed. Healthcare costs for in-hospital
care were based on the National Weighted Activity Units (NWAUSs)
associated with each in-patient hospital admission. NWAUs are the
common unit of measurement of hospital activity used in Australia
against which the National Efficient Price (NEP) is applied and funding
provided to hospitals [28]. To calculate a total cost for each in-hospital
admission, the NWAU for each admission was multiplied by the NEP to
determine the cost to the government. Emergency Department (ED)
costs were calculated based on the Urgency Related Groups (URG), a
case mix classification based on type of visit, episode end status, triage
and diagnosis. The national cost weights (as determined by the Inde-
pendent Hospital Pricing Authority (IHPA)) for each URG was then
applied to determine ED costs [28]. National hospital cost data collec-
tion cost report: Round 22 financial year 2017-2018). Data on PBS,
hospital, and ED costs were provided by Service Australia. Total cost for
each individual comprised the total cost of out of hospital medical
(Medicare) services, prescription medications (PBS), ED presentations
and in-patient admissions calculated appropriately for index presenta-
tion, 30-day and 12-months follow-up periods.

2.5. Quality of life outcomes

The secondary outcome was health-related quality of life (HRQoL) as
measured by the EuroQol 5 dimensions 5 level (EQ-5D-5L) instrument
[29], which was administered to participants at baseline, 30 days, 6 and
12 months. The EQ-5D-5L is a generic preference-based measure of
HRQoL comprising of 5 dimensions [30]. The Australian scoring algo-
rithm for the EQ-5D-5L was applied to convert the EQ-5D-5L health
description into valuations ranging from negative 0.208 to 1, where the
maximum score of 1 represents full health and a score of 0 represents the
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state of being dead. [31]. Missing EQ5D-5L data were imputed using
imputation by iterative Markov chain Monte Carlo method based on a
multivariate normal regression. It involved replacing each missing value
with a set of 50 plausible values [32]. Each of the 50 resultant multiple
imputed datasets were then analysed using standard complete-case
procedures before combining the results using Rubin’s rules [32]. Age,
gender, randomisation group, recruitment date and mortality status
were used in the imputation model. The quality adjusted life years
(QALYs) for each participant over 12 months was estimated using the
area under the curve method [33]. In accordance with best practice
guidance, adjustment for differences in baseline EQ-5D-5L scores be-
tween the two groups was conducted, using regression analysis, to
minimise bias [31].

2.6. Sensitivity analyses

To assess the robustness of the observed base-case results, we con-
ducted the following sensitivity analyses: restricting analysis to patients
with hs-cTnT below the reporting threshold of < 29 ng/L, restricting
analysis to patients who underwent subsequent functional testing, and
assessing potential impact of very-high cost patients using trimmed
analysis (removing most expensive 98th and 99th centile participants).
A threshold analysis was also undertaken to determine how many
inpatient admissions from the ED would need to be avoided for the 0/1-
hour protocol for this strategy to be cost-effective (whilst keeping its
effectiveness unchanged) [34]. This was conducted by reducing the
proportion of inpatient admissions from the ED for the 0/1-hour hs-cTnT
group and increasing the proportion not admitted and applying the
estimated mean costs for admitted and non-admitted patients to the
revised proportions, respectively.

2.7. Statistical analysis

The analyses used the intention-to-treat principle. Categorical data
are reported as frequencies and were compared by use of the Fisher
exact test. Continuous data are reported as mean =+ standard deviation
(SD) and were compared by 2-sample Student t tests for normally
distributed variables or Wilcoxon rank-sum tests for non-normally
distributed variables. For the primary clinical outcome, the time to
first component of primary composite end point between the 2 rando-
mised groups was compared using Cox proportional hazards models
without covariate adjustment. To account for clustering between hos-
pitals, shared frailty and robust variance estimators were used, with
these methods demonstrating the smallest deviation in proportional
hazards reported. A value of P < 0.05 (two-tailed) was considered
statistically significant with no adjustment for multiple comparisons. All
analyses were conducted within Stata version 16.1 (College Station,
Texas, US).

3. Results
3.1. Participant characteristics

A total of 3378 participants were enrolled into the trial. Ninety
participants withdrew initial consent and 18 participants withdrew
consent during follow-up, leaving 1638 and 1632 participants in the 0/
1-hour hs-cTnT arm and the conventional 0/3-hour hs-cTnT arm
respectively. Medicare data was not available for five patients, leaving
1634 and 1631 participants in the 0/1-hour hs-cTnT arm and the 3-hour
conventional hs-cTnT arm respectively for cost analysis. None of these 5
patients experienced a primary adverse clinical endpoint. There were no
statistically significant differences in baseline characteristics between
the groups (Table 1).
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Table 1
Baseline characteristics.
0/3-hour masked 0/1-hour unmasked p-
protocol (n = 1631) protocol (n = 1634) value
Age (median, IQR) 58.6 (48.8, 71.2) 58.7 (48.6, 69.4) 0.25
Female (n, %) 762 (46.7%) 767 (46.8%) 0.94
Hypertension 334 (20.5%) 322 (19.7%) 0.56
Diabetes 285 (17.5%) 257 (15.7%) 0.17
Dyslipidaemia 719 (44.1%) 711 (43.4%) 0.71
Current smoker 582 (35.7%) 566 (34.6%) 0.51
Family history of 951 (59.4%) 987 (61.2%) 0.28
CAD
Known CAD 473 (29.0%) 456 (27.8%) 0.47
Prior AMI 161 (9.9%) 170 (10.4%) 0.63
Prior heart failure 92 (5.6%) 77 (4.7%) 0.23
Prior atrial 153 (9.4%) 134 (8.2%) 0.23
fibrillation
Prior COPD 73 (4.5%) 77 (4.7%) 0.76
Prior CVA 51 (3.1%) 53 (3.2%) 0.86
Prior CABG 45 (2.8%) 49 (3.0%) 0.69
Prior PCI 138 (8.5%) 171 (10.4%) 0.053
GFR (median, IQR) 86.0 (71.4, 98.0) 86.2 (71.6, 98.2) 0.65
GRACE Score 75.0 (56.1, 100.7) 74.1 (55.3, 97.2) 0.16

(median, IQR)

Abbreviations: AMI, Acute myocardial infarction; CABG, Coronary artery
bypass graft; CAD, Coronary artery disease; COPD, Chronic obstructive pulmo-
nary disease; CVA, Cerebral vascular accident; GFR, Glomerular filtration rate;
GRACE, Global Registry of Acute Coronary Events; IQR, Interquartile range; n,
number; PCI, percutaneous coronary intervention.

3.2. Adverse primary clinical outcomes

Within the 12-months follow-up period, 611/3265 (18.69%) par-
ticipants re-presented to hospital at least once and 144/3265 (4.4%)
participants experienced the primary clinical endpoint of all-cause
mortality or new/recurrent MI (Table 2). There was no statistically
significant difference in the primary clinic endpoint between the two
study arms with a trend toward higher event rate in the 0/1-hour hs-
¢TnT arm (0/1-hour arm = 82/1634 [5.0%]; 0/3-hour arm = 62/
1632 [3.8%], hazard ratio = 1.32, 95 %CI = 0.95-1.83, P = 0.010).

Table 2
Mean outcomes per patient.
0/3-hour 0/1-hour Difference,
masked unmasked bootstrapped p-
protocol (per protocol (per pt, value
pt,SE, n = SE, n = 1634)
1631)
Number of
adverse
clinical
outcomes
Primary outcome 0.038 (0.006) 0.050 (0.009) 0.0120, 0.093
(death or MI)
MI 0.0349 (0.005) 0.0041 (0.007) 0.0064, 0.117
Quality of life
outcomes
EQ-5D 5L at 0.760 (0.006) 0.768 (0.006) 0.008, 0.344
baseline
EQ-5D 5L at 30 0.748 (0.010) 0.757 (0.009) 0.009, 0.398
days
EQ-5D 5L at 6 0.772 (0.010) 0.773 (0.008) 0.0004, 0.973
months
EQ-5D 5L at 12 0.706 (0.011) 0.715 (0.010) 0.009, 0.545
months
Overall QALY 0.749 (0.006) 0.754 (0.006) 0.007, 0.559
(unadjusted)
QALY (baseline 0.400 (0.013) 0.401 (0.020) 0.001, 0.866
adjusted)

Abbreviations: MI, Myocardial infarction; QALY, Quality adjusted life year; SE,
Standard error.
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3.3. Service use, costs, quality of life and economic evaluation

Table 3 and Supplementary Table 2 provide detailed breakdown of
mean resource use and healthcare costs per participant over a 12-month
follow-up. By 12-months, the mean total costs per patient did not differ
significantly between the study arms, with a trend towards higher costs
in patients randomised to the 0/1-hour hs-cTnT protocol ($19,088.76
vs. $1,8616.27; difference= $472.49 [95 %CI= $-1,380.15 to
$2,325.13], P = 0.617). The index ED LOS was significantly shorter in
the 0/1-hour hs-cTnT arm (5.6 vs. 6.2 h, difference = 0.62 h [95 %CI =
0.39 to 0.85], P < 0.001). Over the 12-month follow-up period, the total
unplanned inpatient LOS and mean number of invasive coronary an-
giograms were numerically higher for those in the 0/1-hour hs-cTnT
arm, resulting in numerically higher unplanned inpatient costs
($6,275.13 vs $5,383.91, difference= $891.22 [95 %CIL: $-96.07 to
$1,878.50], P = 0.077). In comparison, the planned hospital LOS and
associated costs were marginally lower for patients in the 0/1-hour hs-
c¢TnT arm ($2,930.03 vs. $3,020.02, P = 0.808). There was no signifi-
cant difference in diagnostic imaging, therapeutic procedures, diag-
nostic procedure, outpatient attendance and medication-related costs
between the group. Non-invasive functional testing was significantly
lower amongst participants in the 0/1-hour hs-cTnT arm (0/1-hour:
122/1638 [7.4%] versus 0/3-hour: 178/1632 [10.9%], P < 0.001).

Costs incurred stratified by time since index presentation is shown in
Table 3, with unplanned inpatient costs incurred beyond 30 days
contributing most to the cost difference between the two randomisation
groups. Conversely, the difference ED and planned inpatient costs did
not differ significantly within or beyond 30 days of index presentation
between the two groups. Supp Table 2 provide a breakdown of event
rate and costs based on stratification status.

Results from the sensitivity analyses are presented in Supplementary
Tables 1A-C and 3. Firstly, restricting the analysis to 2988/3265 par-
ticipants with hs-cTnT < 29 ng/L, the mean total costs per patient did
not differ between 2 groups ($17,061.53 vs. $16,909.09; difference=
$152.44 [95 %CI= $-1,793.11 to $2,097.99], P = 0.878). Secondly,
among the 300/3270 participants who underwent non-invasive func-
tional test after randomisation, the mean total cost per patient remained
similar between the groups ($22,641.49 vs. $18,865.14; difference=
$3,776.35 [95 %CI= $-2,972.04 to $10,524.74], P = 0.273). Third,
trimmed analyses excluding most expensive participant did not alter the
direction of the cost estimates. Fourth, QoL outcomes showed that the
mean adjusted QALY were similar between the two arms (0.754 vs.
0.749, P = 0.866). Lastly, the threshold analysis estimates that
approximately 57.4% of patients need to be directly discharged from ED
in the 0/1-hour hs-cTnT arm for the strategy to be cost-neutral to the
conventional 0/3-hour protocol.

Uncertainty surrounding the estimates of total costs and primary
adverse clinical outcome avoided are presented by the CEP for the pri-
mary analysis (Fig. 1A). The bootstrapped estimates appear in all four
quadrants indicating a degree of variability surrounding the presence
and magnitude of cost saving and effectiveness. No strategy dominates.
The CEP of the subgroup with hs-cTnT concentration of < 29 ng/L is
presented in Fig. 1B.

4. Discussion

This analysis is the first to evaluate the cost-effectiveness of a 0/1-
hour hs-cTnT protocol versus the conventional 0/3-hour standard-of-
care protocol using patient-level data from a randomised trial for the
clinical assessment of suspected ACS from the Australian healthcare
system perspective. We report four main findings. First, there was no
statistically significant differences in total costs and adverse clinical
outcomes between the two groups. Second, ED LOS was significantly
shorter amongst patients randomised to the 0/1-hour hs-cTnT protocol.
Third, the overall unplanned inpatient costs were higher in the 0/1-hour
hs-cTnT arm. Fourth, there was no statistically significant differences in
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total costs when analysis was confined to the subgroup with hs-cTnT
concentration of < 29 ng/L and those who have undergone subse-
quent functional testing.

To place this economic analysis in context, it is useful to consider our
results relative to other studies that evaluated the resource implications
of accelerated hs-cTn algorithms in the setting of ED ACS assessment.
Whilst the diagnostic accuracy and safety of accelerated 0/1 and 0/2-
hour hs-cTn algorithms have now been well-established in numerous
randomised and observational studies with class 1B recommendation by
the 2020 ESC guidelines (1, 4, 6, 7, 13, 19, [35], [36]), only five
observational studies have reported their resource implications. A
recently published US-based observation study reported that, except for
coronary angiography rates which increased, implementation of hs-cTn
assays did not increase overall resource utilization. Of note, the authors
reported increased ED discharges, reduced functional testing in patients
without elevated troponin [20]. Another US-based study also reported a
reduction in stress testing, coronary catheterisation and hospital ad-
missions, despite an increase in net upfront tests and no overall net
change in spending. [21]. In a 2016 observational study, Twerenbold
et al. reported findings from the APACE registry, which compared three
European centres that transitioned to hs-cTnT (n = 1089) and three
European centres that did not (n = 1455) [4]. The authors reported
similar coronary angiography rate, less cardiac stress testing, shorter ED
LOS with similar overall costs. In another study, Ambavane et al. esti-
mated the potential cost saving when the 0/1-hour protocol is applied to
1282 real-world patients. The authors reported an estimated 46%
reduction in cost and 33% reduction in LOS [6]. However, this study was
based on the assumption that the 0/1-hour algorithm was applied
absolutely and projected the potential cost saving, whilst the patients
were in fact managed as per standard of care. Furthermore, the authors
assumed all ‘ruled-out’ patients underwent outpatient stress testing,
which is likely unreflective of real-world practice. Lastly, in the RAPID-
CPU study, Stoyanov et al. compared resources utilization before and
after implementation of the 0/1-hour hs-cTnT protocol in a German
centre [19]. The investigators found that the overall LOS was shorter
following implementation (3.2 vs. 5.3 h) with no significant increase in
invasive and non-invasive testing.

A key driver of higher costs in 0/1-hour hs-cTnT protocol was the
higher subsequent unplanned inpatient stay, with most of the cost dif-
ference occurring beyond 30 days after index presentation. In compar-
ison, ED LOS, planned inpatient costs and subsequent diagnostic-related
costs were marginally lower in the 0/1-hour hs-cTnT group. This may be
related to the marginally higher rate of late adverse clinical outcome
observed in the 0/1-hour hs-cTnT arm. Our observation is largely
consistent with other observational studies [4,6,19]. However, the
subsequent unplanned inpatient costs were higher in the 0/1-hour hs-
cTnT group when considering late health system impacts.

In the RAPID-TnT study, we observed a low overall functional test
rate of 9.2% (300/3265) within 30 days of assessment with a very low
computed tomography coronary angiography (CTCA) utilization rate of
0.3% (9/3288). This pattern of practice is comparable to other obser-
vational studies of accelerated protocols with RAPID-CPU reporting a
CTCA utilization of 0.6% [19]. Results from the PROMISE and SCOT-
HEART trials provide evidence supporting the use of non-invasive
anatomical testing in the workup of stable CAD in the ambulatory
setting. However, it is unclear whether an increase in non-invasive
testing leads to better outcomes in patients evaluated for suspected
ACS in an acute setting. A population study of patients discharged from
ED for chest pain suggested that non-invasive testing may be beneficial
in the assessment of patients at high risk for CAD but not for low-to-
intermediate risk patients [37]. Similarly, another study reported that
non-invasive testing was associated with a small decrease of subsequent
adverse cardiovascular events [38]. However, the absolute risk reduc-
tion was small with number needed to treat of approximately 250 to
avoid 1 MI or cardiovascular death. Furthermore, patients who under-
went non-invasive testing had higher rates of invasive testing. From a
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Table 3
Mean resource use and cost per participant over 12 months in Australian 2019/2020 dollars.

0/3-hour protocol (mean, SE;
n = 1631)

0/1-hour protocol (mean, SE;
n =1634)

Difference, bootstrapped p-
value (95 %CI)

Total (mean, SE; n
= 3265)

Number of unplanned admissions

Number of planned admissions

Number of specialist Attendances

Number of general practitioner attendances

Number of other attendances

Number of diagnostic imaging

Number of therapeutic procedures

Number of diagnostic procedures

Number of coronary angiography 30 days

Rate of direct discharge from ED during index
presentation

Index ED LOS (hours, median, Q1-Q3)

Index episode total LOS(hours, median,
Q1-Q3)

Total ED LOS excluding index presentation
(days, median, Q1-Q3)

Total inpatient LOS(days, median, Q1-Q3)

Costs based on time

Index ED costs

Index total episode cost
Index total episode cost if admitted
Total ED cost excluding index presentation

Total ED costs within 30 days
Total ED costs beyond 30 days

Total inpatient costs within 30 days
Total inpatient costs beyond 30 days

Total unplanned inpatient costs within 30
days

Total unplanned inpatient costs beyond 30
days

Total planned inpatient costs within 30 days

Total planned inpatient costs beyond 30 days

In—hospital costs
Total unplanned inpatient costs

Total planned inpatient costs

Unplanned inpatient costs excluding index
episode

Planned admission inpatient costs excluding
index episode

Other costs

Pathology

GP attendances

Specialist attendances

Other attendances
Diagnostic imaging

Therapeutic procedures

Diagnostic procedures

Total attendance

Total MBS items (excluding inpatient costs)
Total medication costs

Total costs

1.26 (0.04)
0.70 (0.16)
2.81 (0.15)
10.83 (0.26)
0.90 (0.05)
2.51 (0.09)
1.82(0.15)
1.31 (0.05)
0.07 (0.01)
528 (32.37%)

6.24 (5.6, 4-7.1)
26.75 (6.5, 4.95-24.2)

0.47 (0.27, 0.16-0.52)
3.58 (0.37, 0.08-2.68)
1030.26 (6.87)

3560.57 (118.54)

N =1103/16314042.34
(151.04)

1090.62 (61.68)

1248.23 (14.56)
872.65 (56.52)

3102.65 (175.45)
5301.27 (397.22)
2731.11 (156.78)
2652.79 (240.36)
371.54 (74.06)
2648.48 (295.44)
5383.91 (299.46)
3020.02 (316.83)
3152.99 (263.77)
2721.16 (307.28)
567.62 (22.77)
1515.47 (43.36)
584.16 (32.78)

96.01 (4.84)
1129.03 (45.22)

796.73 (70.54)
250.77 (13.68)
2169.72 (64.55)
5176.62 (165.56)
2914.86 (372.11)

18616.27 (722.82)

1.17 (0.05)
0.57 (0.05)
2.76 (0.15)
10.99 (0.27)
0.79 (0.04)
2.53 (0.08)
1.75 (0.14)
1.40 (0.05)
0.08 (0.01)
737 (45.10%)

5.63 (4.6, 3.4-6.4)
24.14 (5.3, 3.7-23.7)

0.49(0.24, 0.15-0.50)
4.14 (0.32, 0-2.30)
1003.60 (5.88)
3905.64 (160.13)

N = 897/16344734.63
(253.41)

1161.97 (75.15)

1236.98(16.48)
928.58 (67.57)

3279.34 (210.54)
5925.82 (422.81)
2959.50 (204.57)
3315.62 (336.83)
319.84 (50.70)
2610.20 (223.35)
6275.13 (427.89)
2930.03 (232.92)
3861.06 (369.23)
2442.05 (227.55)
556.36 (21.46)
1526.45 (44.64)
556.03 (27.37)

87.11 (4.15)
1098.15 (40.65)

764.80 (69.04)
250.53 (13.26)
2131.57 (60.17)
5043.07 (158.34)
2674.98 (272.09)

19088.76 (743.23)

—0.09, 0.115 (-0.21 to 0.02)
—0.13, 0.391 (-0.43 t0 0.17)
—0.04, 0.831 (—0.43 to 0.35)
0.16, 0.677 (—0.58 to 0.89)
—0.11, 0.087 (-0.23 to 0.02)
0.03, 0.825 (—0.23 to 0.29)
—0.07, 0.760 (—0.50 to 0.36)
0.09, 0.211 (—0.05 to 0.22)
—0.01, 0.45 (—0.01 to 0.02)

—0.62, <0.001 (—0.85 to —0.39)
—2.61, 0.298 (—7.53 to 2.31)

0.02, 0.415 (—0.03 to 0.08)
0.55, 0.158 (—0.22 to 1.33)

—26.67, 0.002 (—43.26 to
—10.07)

—345.07, 0.066 (-22.88 to
713.02)

—692.29, 0.024 (91.77 to
1292.81)

—71.35, 0.46 (—119.76 to
262.46)

—11.25, 0.578 (—50.85 to 28.36)
—55.93, 0.540 (—123.16 to
235.01)

176.69, 0.501 (—338.14 to
691.52)

624.55, 0.363 (-720.23 to
1969.32)

228.39, 0.402 (—305.31 to
762.09)

662.83, 0.119 (-170.23 to
1495.89)

51.70, 0.574 (-232.13 to 128.73)
— 38.28, 0.924 (—824.86 to
748.30)

891.22, 0.077 (-96.07 to
1878.50)

—89.98, 0.808 (—814.97 to
635.01)

708.07, 0.196 (—365.48 to
1781.63)

—279.12, 0.452 (—-1006.43 to
448.19)

—11.26, 0.745 (—79.23 to 56.72)
10.97,0.863 (—114.00 to 135.95)
—28.13, 0.476 (—105.43 to
49.16)

—8.91, 0.186 (-22.12 to 4.30)
—30.88, 0.609 (—149.06 to
87.29)

—31.93, 0.742 (-222.29 to
158.44)

—0.24, 0.990 (—36.51406 to
36.0288)

—38.15, 0.672 (—214.51 to
138.21)

—133.55, 0.571 (—596.04 to
328.94)

—239.88, 0.594 (-1121.54 to
641.78)

472.49, 0.617 (-1380.15 to
2325.13)

1.21 (0.03)
0.63 (0.08)
2.78 (0.10)
10.91 (0.19)
0.84 (0.03)
2.52 (0.06)
1.78 (0.10)
1.36 (0.03)
0.07 (0.00)
1264 (0.39)

5.93 (5.1)
25.44 (6.0)

0.48 (0.26)

3.86 (0.35)

1016.92 (4.53)

3733.32 (99.68)

4353.02 (141.11)

1126.33 (48.62)

1242.6 (11.00)
900.64 (44.05)

3191.08 (137.04)
5613.83 (290.09)
2845,41 (128.89)
2984.51 (207.01)
345.66 (44.86)
2629.32 (185.11)
5829.93 (261.29)
2974.98 (196.53)
3507.35 (227.00)
2581.48 (191.12)
561.99 (15.64)
1520.96 (31.11)
570.08 (21.35)

91.56 (3.19)
1113.58 (30.40)

780.75 (49.35)

250.65 (9.52)

2150.62 (44.11)

5109.78 (114.53)

2794.81 (230.40)

18852.74 (518.33)

Abbreviations: CI, Confidence interval; ED, Emergency department; GP, General Practitioner; LOS, Length of stay; MBS, Medicare Benefits Schedule; SE, Standard

error.
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Fig. 1. Cost-effectiveness plane (CEP) of the incremental cost and adverse clinical outcomes avoided of 0/1-hour high-sensitivity troponin-T protocol compared to 0/
3-hour conventional protocol in the (A) total cohort and (B) patients with hs-cTnT concentration of < 29 ng/L.

resource perspective, our subgroup analysis on patients who had func-
tional testing did not show any significant difference in mean total cost
between the two strategies. Whether or not the use of non-invasive
anatomical testing in the setting of the 0/1-hour hs-cTnT protocol will
significantly affect subsequent costs and clinical outcomes remain to be
investigated.

To further characterise the potential cost effectiveness of patients in
a low-risk population, we restricted our analysis to participants with hs-
cTnT levels < 29 ng/L. Here, we observed a shorter ED LOS for

participants randomised to the 0/1-hour hs-cTnT study arm without
significant difference in total mean cost between the two study groups.
This result is consistent with prior data showing an increase in ED dis-
charges and reduction in LOS among patients without an increase in hs-
cTnT assay [20]. Our threshold analysis indicates that approximately
57.4% of patients need to be directly discharged from ED in the 0/1-hour
hs-cTnT protocol to be cost-neutral when compared to the conventional
0/3-hour protocol. In comparison, the direct ED discharge rate observed
in our study was 45.1%. While increasing the ED discharge rate from ED
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using accelerated hs-cTnT algorithms is possible, further refinements in
downstream investigation, particularly in patient with low-range hs-
cTnT elevation is clearly required.

4.1. Limitations of our study

Although no data were missing on the primary outcome (adverse
clinical outcomes), there was some missing data relating to costs
(~1.5%) and QALY outcomes (~60%). However, robust imputation
methods were employed to account for these missing data. Secondly,
patients who re-presented to ED were not subsequently re-randomised
and thus received standard of care troponin reporting. This may dilute
the power of the study and bias the estimate of treatment effect and cost-
effectiveness outcomes towards the null. Thirdly, given that the hs-cTnT
assay was already being used by pathology providers at these hospitals
in South Australia with values less than or equal to 29 ng/L masked (i.e.
unavailable) to the treating clinician in routine care, no additional costs
were incurred from the transition to reporting hs-cTnT results. There-
fore, a cost unaccounted for in our analysis is the additional costs
associated with changing to the newer generation hs-cTnT assays in
healthcare systems that still utilise standard cTnT assays.

5. Conclusions

The results of this economic evaluation suggest that there were no
differences in costs and outcomes between the 0/1-hour hs-cTnT pro-
tocol and the conventional 0/3-hour standard-of-care protocol for the
assessment of patients presenting with suspected ACS at 12 months. Our
findings also support previous findings that the 0/1-hour hs-cTnT pro-
tocol improves ED efficiency. However, the associated cost savings were
offset by the higher late unplanned inpatient costs. As the burden of
suspected and confirmed cardiac conditions increases, further re-
finements in downstream management strategies to reduce late clinical
events whilst efficiently utilising healthcare resources is needed.
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