Open access Original research

Estimating the cost-effectiveness and
return on investment of the Victorian
Cardiac Outcomes Registry in Australia:
a minimum threshold analysis

BM)J Open

To cite: Lee P, Brennan AL,
Stub D, et al. Estimating the
cost-effectiveness and return
on investment of the Victorian
Cardiac Outcomes Registry

in Australia: a minimum
threshold analysis. BMJ Open
2023;13:¢066106. doi:10.1136/
bmjopen-2022-066106

» Prepublication history and
additional supplemental material
for this paper are available
online. To view these files,
please visit the journal online
(http://dx.doi.org/10.1136/
bmjopen-2022-066106).

Received 27 June 2022
Accepted 05 April 2023

| '.) Check for updates

© Author(s) (or their
employer(s)) 2023. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

For numbered affiliations see
end of article.

Correspondence to
Dr Peter Lee;
peter.lee@deakin.edu.au

Peter Lee

,"? Angela L Brennan,' Dion Stub,"* Diem T Dinh," Jeffrey Lefkovits,'*

Christopher M Reid, " Ella Zomer,' Danny Liew'®

ABSTRACT

Objectives We sought to establish the minimum level

of clinical benefit attributable to the Victorian Cardiac
Outcomes Registry (VCOR) for the registry to be cost-
effective.

Design A modelled cost-effectiveness study of VCOR
was conducted from the Australian healthcare system and
societal perspectives.

Setting Observed deaths and costs attributed to coronary
heart disease (CHD) over a 5-year period (2014-2018)
were compared with deaths and costs arising from a
hypothetical situation which assumed that VCOR did not
exist. Data from the Australian Bureau of Statistics and
published sources were used to construct a decision
analytic life table model to simulate the follow-up of
Victorians aged >25 years for 5 years, or until death. The
assumed contribution of VCOR to the proportional change
in CHD mortality trend observed over the study period was
varied to quantify the minimum level of clinical benefits
required for the registry to be cost-effective. The marginal
costs of VCOR operation and years of life saved (YoLS)
were estimated.

Primary outcome measures The return on investment
(ROI) ratio and the incremental cost-effectiveness ratio
(ICER).

Results The minimum proportional change in CHD
mortality attributed to VCOR required for the registry to

be considered cost-effective was 0.125%. Assuming this
clinical benefit, a net return of $A4.30 for every dollar
invested in VCOR was estimated (RO ratio over 5 years:
4.3 (95% Cl 3.6 t0 5.0)). The ICER estimated for VCOR
was $A49 616 (95% Cl $A42 228 to $A59 608) per YoLS.
Sensitivity analyses found that the model was sensitive

to the time horizon assumed and the extent of registry
contribution to CHD mortality trends.

Conclusions VCOR is likely cost-effective and represents
a sound investment for the Victorian healthcare system.
Our evaluation highlights the value of clinical quality
registries in Australia.

INTRODUCTION

Coronary heart disease (CHD) is a significant
cause of morbidity and mortality in Australia.
In 2020-2021, the prevalence of CHD in
Australia was estimated to be 3% (571 000)

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Real-world registry data from the Victorian Cardiac
Outcomes Registry (VCOR) captured temporal
changes in the management of patients undergoing
percutaneous coronary intervention (PCl) in Victoria,
Australia.

= Improvements in the uptake of radial access PCl and
in timely reperfusion of patients with ST elevation
myocardial infarction were, in part, attributed to
VCOR.

= There was uncertainty around the clinical ben-
efit conferred by VCOR with respect to trends in
mortality.

= It was not possible to assess the impact of VCOR on
readmissions or patient morbidity or quality of life
using the Australian Bureau of Statistics data.

of the adult population.' Although mortality
from CHD has declined significantly since
the 1960s, it remains the leading cause of
death (approximately 10%) in Australia.' *
With regard to disease burden, CHD contrib-
uted to 6.3% (10.4 disability-adjusted life
years per 10000 population) of the total
disease burden and 2% of hospitalisations in
Australia in 2018."7

Of the prevalent adult population with
CHD in 2020-2021, it is estimated that
40% had experienced angina and 74% had
suffered acute coronary syndrome (ACS).'
Percutaneous coronary intervention (PCI)
is the preferred means of revascularisation
therapy for many patients presenting with
ACS based on Australian and international
guidelines.! > Across Australia, 48 034 PCls
were performed between 2020 and 2021'; in
Victoria alone, 48% of all PCIs across Victoria
in 2021 were performed for the management
of ACS.°

The cost burden attributed to the manage-
ment of CHD, including costs of PCI, is corre-
spondingly high. Based on estimates from the
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Australian Institute of Health and Welfare, in 2018-2019,
CHD accounted for $A2.35 billion in health expenditure
in Australia, representing 2% of total health expendi-
ture.” The considerable volume of procedures performed
annually, at an estimated average cost per procedure of
$A13 293,8 indicates that PCIs contribute to a signifi-
cant proportion of costs in the management of CHD. In
Victoria alone, the cost burden attributed to PCIs across
public hospitals was estimated to be $A72179656 in
2017.° Importantly, increasing PCI case complexity and
procedural volume over time warrants greater adher-
ence to evidence-based guidelines for the management
of ACS to improve health systems efficiency and patient
outcomes.”

Clinical quality registries (CQRs) are increasingly
used to improve healthcare processes and adherence to
evidence-based guidelines and standards, and reduce
the costs attributed to care delivery.'”"® Through the
collection of patient outcomes data for cardiovascular
procedures, itis possible to benchmark a hospitals’ perfor-
mance to its peers and adherence to national standards of
care and evidence-based guidelines.'’ Additionally, CQRs
have significant utility in medical research.'”™"* Previous
studies have demonstrated that major improvements to
patient outcomes may be attributed to the existence of
CQRs." In the context of ACS, patient outcomes have
improved considerably over time following the estab-
lishment of cardiac CQRs in Sweden, New Zealand, the
USA and the UK which have been attributed, in part, to
registry operation."*® However, although there are many
studies using data from CQRs, few have assessed the clin-
ical and cost impacts attributed to a CQR." This is likely
due to difficulties in distinguishing the extent of contri-
bution of CQRs to improved patient outcomes over time
versus secular trends in patient management, and in the
nomination of an appropriate comparator arm to assess
the true costs and benefits attributed to registry opera-
tion."" In this context, we explored the minimum level
of contribution to improved patient outcomes required
for the Victorian Cardiac Outcomes Registry (VCOR), a
cardiac CQR, to be cost-effective and represent a sound
investment for the healthcare system.

METHODS

Model structure

Life table modelling and decision analysis were used to
explore the clinical and cost impacts of VCOR against a
hypothetical scenario which assumed that VCOR did not
exist (No VCOR)." Life tables were constructed using age-
specific and sex-specific mortality rates for adults aged >25
years, based on Victorian population data sourced from
the Australian Bureau of Statistics (ABS).?’*' Each cohort
was followed until death, or up to byears in the base case.
Within each cohort (VCOR or No VCOR), separate life
tables were created for 14 age and sex subgroups. Age
was stratified into seven 10-year age bands (25-34, 35-44,
45-b4, 55—64, 65-74, 75-84, 85+), with the starting age

in each subgroup being the weighted average age in the
age band.

The clinical and cost outputs for each model were
totalled to determine the overall cost-effectiveness
attributed to VCOR from the perspective of the Australian
healthcare system, assuming a cost-effectiveness threshold
of $A50000 per year of life saved (YoLS). The commonly
used willingness-to-pay threshold of $A50000 per YoLS
determined cost-effectiveness® and was used in lieu of an
official willingness to pay threshold in Australia. We also
explored the return on investment (ROI) attributed to
the registry from a societal perspective.

Model population

Our base case modelled population was profiled on the
total Victorian population aged =25 years in each year
from 2014 to 2018 using ABS inputs. Data pertaining
to the total Victorian population, and mortality in each
year from 2010 to 2019, were sourced from the ABS (see
online supplemental table 1).* *! Although ABS data
were available for 2010-2019, our modelled population
was profiled to reflect PCIs performed between January
2014 and December 2017 in VCOR. A separate, linked
dataset of patient, clinical and procedural characteristics
collected by VCOR was made available for the analysis of
trends in clinical practice across Victorian hospitals. This
dataset was used to inform the extent to which the registry
had contributed to changes in CHD mortality over time
in the economic model informed by ABS data (see ‘Effec-
tiveness of VCOR’ section).

Transition probabilities
Data for estimating the incidence of all-cause mortality,
and mortality attributed to CHD (based on International
Classification of Diseases 10th revision codes: 120-125),
were sourced for each age and sex subgroup from the
ABS*?! (table 1 and online supplemental tables 1 and 2).
The likelihood of all-cause or CHD mortality was esti-
mated by dividing the number of deaths (all-cause or
CHD-related) in each sex and age subgroup by the Victo-
rian population for each subgroup.”’ *' The likelihood of
non-CHD mortality was estimated by subtracting the like-
lihood of CHD mortality from the likelihood of all-cause
mortality.” !

Effectiveness of VCOR

VCOR is a state-wide, ongoing population-based CQR.
It was established in 2012 to monitor the performance
of cardiac services in hospitals across Victoria."” ** The
key focus of VCOR currently is on patients undergoing
PCI and cardiac implanted electronic devices."” ** The
economic evaluation was based on estimating the down-
stream clinical and cost impacts of VCOR relative to a
hypothetical scenario in which VCOR did not exist (No
VCOR). That is, without VCOR contributing to reduc-
tions in CHD mortality over time, the extent to which
CHD mortality declined over time would be less. In the
absence of efficacy data, the assumed contribution of
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Table 1
contribution of VCOR to reductions in CHD mortality

Input parameters used in the economic model, including trends in CHD mortality over time, costs and the assumed

Distribution (variance)

Value for PSA

Parameter Males (2014-2018) P value* Females (2014-2018) P value* Uniform (x20%)
CHD mortality rate by age group (years)

25-34 0.00%-0.00% 0.382 0.00%-0.00% 0.357

35-44 0.01%-0.01% 0.013 0.00%-0.00% 0.071

45-54 0.04%-0.03% 0.006 0.01%-0.01% 0.283

55-64 0.10%-0.08% 0.051 0.02%-0.01% 0.073

65-74 0.21%-0.17% 0.092 0.06%-0.05% 0.121

75-84 0.61%-0.47% 0.033 0.32%-0.22% 0.023

85+ 2.24%-2.04% 0.106 1.90%-1.42% 0.016

All 0.09%-0.08% 0.001 0.07%-0.05% 0.016
Cost of mortality $A5609 Gamma (a=5609; B=1)
VCOR annual costs $A600000 Gamma (a=600000; B=1)
VoSLY $A220262 Gamma (0=220262; f=1)
Assumed contribution of VCOR to CHD  0.125% Uniform (0.100, 0.150)

mortality trendst

*Based on simple linear regression analyses.
tBased on varying the assumed contribution by increments of 0.025%.

CHD, coronary heart disease; PSA, probabilistic sensitivity analysis; VCOR, Victorian Cardiac Outcomes Registry; VoSLY, value of statistical life year.

VCOR to reductions in CHD mortality over time was
varied in the economic model to establish the minimum
contribution required for VCOR to be cost-effective. This
is justified based on current literature demonstrating that
the registry data collection for the purposes of routine
health systems benchmarking and feedback is, of itself,
likely to contribute to reductions in mortality over time
through improvements in clinical practice.'” '* A similar
approach whereby the benefits of the All New Zealand
Quality Improvement (ANZACS-QI) programme, a
cardiac CQR, was assumed to contribute to temporal
trends in patient mortality has been published else-
where.'? In brief, this evaluation assumed that the registry
contributed to 15% of temporal trends in myocardial
infarction (MI)-related mortality and readmissions, based
on improved adherence to medications indicated for the
secondary prevention of ACS and reductions in time-to-
treatment parameters.'”

Based on data from the ABS, the risk of CHD mortality
in Victoria has decreased steadily over the period from
2014 to 2018 (table 1). Notably, the clinical manage-
ment of CHD has also evolved over time. This may in
part be attributed to ongoing benchmarking and feed-
back through VCOR. First, in the period since VCOR
was established, implementation of PCI via radial access
(instead of femoral access) has improved considerably.*
A Cochrane review of PCI via radial versus femoral access
concluded that radial access was associated with reduc-
tions in major bleeding events, access site complications
and mortality in the setting of ACS.* This is supported
by data from cardiac registries in the USA, the UK and
Australia; importantly, a propensity score-matched

analysis of radial versus femoral access using VCOR data
found that mortality benefits attributed to radial access
were maintained over time and for patients with high-
acuity (ST elevation myocardial infarction (STEMI)) and
non-ACS indications for PCL.* Second, in addition to
improved uptake of radial access PCI, hospital adherence
to a door-to-balloon/device time (DBDT) has improved,
with all PCl-capable hospitals across Victoria achieving
a median DBDT of <90min for patients with STEML>
As with improved uptake of radial access, improved
hospital adherence to a DBDT <90 min is associated with
considerable survival benefits for patients with STEML*
However, it is not possible to quantify the direct contri-
bution of VCOR to the uptake of radial access PCI and
improvements to DBDT, and the subsequent reduction
in mortality trends downstream. As such, our model esti-
mated the minimum contribution of VCOR to temporal
trends in CHD mortality required for VCOR to be consid-
ered cost-effective. In brief, the assumed contribution of
VCOR to the proportional change in CHD mortality was
varied in increments of 0.025% until the incremental cost-
effectiveness ratio (ICER) for VCOR versus No VCOR was
cost-effective.

Cost inputs

Table 1 summarises the cost inputs used in the economic
model. All costs were updated to 2021 values using the
Australian Health Price Index and were expressed as
Australian Dollars ($A).%

Cost of VCOR
VCOR is funded through the Victorian Department of
Health, Medibank Private and in-kind funding through
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Monash University.”” Based on the VCOR annual report
for 2018, the average annual cost borne by the Victorian
Department of Health was $A605 346 for the period from
2014 to 2018 (online supplemental table 3).”' We there-
fore assumed the annual cost of registry operation to
be $A600 000; this was varied in scenario analyses (see
below).

Cost of mortality

There was an absence of relevant data pertaining to the
costs of death. As per previous analyses, > ** * we assumed
that deaths due to CHD incurred 50% of the costs of
CHD hospitalisations. The cost of hospitalisations for
CHD was estimated using data pertaining to diagnosis-
related groups (DRGs) and their costs for publicly funded
case-mix hospitalisations in 2017/18 (online supple-
mental table 4).** This method has been used in similar
economic evaluations.'?*** The same cost was applied to
deaths due to non-CHD causes.

Cost of a year of life

The value of a statistical life year (VoSLY) was assumed to
be $A220262. This was based on the VoSLY estimated by
the Australian Government’s Office of Best Practice Regu-
lation of $A213000 in 2019, adjusted to 2021 values.”

Discounting
A discount rate of 5% per annum was applied to years of
life lived and costs incurred beyond the first year.”

Economic evaluation

The base case economic evaluation involved 14 separate
life table models created using ABS data, stratified by sex
and age band to represent 5years of coverage (2014-2018
inclusive) of VCOR. The expected values across sex and
age subgroups for the VCOR and No VCOR were aggre-
gated to represent the clinical and cost impacts of VCOR
over byears for the total Victorian population at risk of
mortality from CHD.

The primary cost-benefit analysis estimated differences
between the two groups regarding net societal costs. This
was defined as the cost of VCOR operation, minus the
cost savings attributed to reduced CHD mortality, added
to the costs saved by prolonging years of life lived in the
cohort. The primary outcome was the net cost attributed
to VCOR operation. A key secondary outcome for our
study was the ICER for VCOR compared with No VCOR
in terms of cost per YoLS.

Statistical analyses

A linked dataset of 32198 consecutive PCIs conducted
in VCOR over a period of 4years (1 January 2014 to 31
December 2017) was made available for the analysis of
changes in clinical practice over time in Victoria. Pear-
son’s X2 tests for categorical variables, and univariate
linear regression modelling or generalised linear regres-
sion modelling for continuous variables, were used to
explore differences in patient or procedural trends over
time.

To explore changes in clinical practice over time, the
population was stratified by sex and indication for PCI:
non-ACS reasons, unstable angina, non-ST elevation
myocardial infarction (NSTEMI) and STEMI. Backward
stepwise logistic regression with a p value threshold of 0.10
was used to identify the following potential confounders
of radial access, and DBDT <90 min: age (<75 years and
275 years); in-hours hospital arrival (between 08:00 and
18:00 hours on a workday); cardiogenic shock or intu-
bated out-of-hospital cardiac arrest; left ventricular ejec-
tion fraction; medicated diabetes mellitus; peripheral
vascular disease; cerebrovascular disease; chronic oral
anticoagulation therapy; prior coronary artery bypass
grafting; previous PCI; use of glycoprotein IIb/Illa
inhibitors; use of thienopyridine or ticagrelor; estimated
glomerular filtration rate; required mechanical ventric-
ular support; lesion complexity (American College of
Cardiology/American Heart Association type A/BIl vs
type B2/C lesions); unprotected left main PCI; chronic
total occlusion PCI and in-stent restenosis PCL***” Multi-
variable logistic regression models with adjustment for
key predictors identified in stepwise regression were
used to explore annual trends in radial access and DBDT
metrics. The results of these analyses were used to justify
the assumption that VCOR is likely to contribute to small
reductions in CHD mortality over time.

To explore trends in CHD mortality over time using
mortality data from the ABS, simple linear regression
modelling was performed with the year as the indepen-
dent variable, and CHD mortality as the dependent
variable. A p value <0.05 was considered statistically
significant.

The economic evaluation was performed with Micro-
soft Excel; STATA V.14 (StataCorp, College Station,
Texas, USA) was used to explore changes in clinical prac-
tice over time.

Sensitivity analyses

A series of one-way sensitivity analyses were undertaken
to determine the impact of uncertainty around key
model parameters. Input parameters varied individu-
ally in deterministic sensitivity analyses, while other vari-
ables were maintained at base case values to estimate the
impact of parameters on cost-benefit/cost-effectiveness.
Key parameters assessed were the time horizon, the
assumed contribution of VCOR to CHD mortality trends,
costs assumed for CHD mortality and the VoSLY. Addi-
tionally, a scenario analysis was performed, whereby the
proportional contribution of VCOR to temporal trends
in CHD mortality was assumed to be equivalent to the
mortality benefit attributed to ANZACS-QI. Based on the
assumed contribution of 15% to the observed temporal
trend in Ml-related mortality, ANZACS-QI prevented 36
MI-related deaths over a 4-year period in the total New
Zealand ACS population (N=59 280)."2 On extrapo-
lation of this benefit to the wider population at risk of
CHD mortality in Victoria (N=4 017 397), the assumed
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contribution to the temporal reduction in CHD mortality
was set to 0.5% for VCOR in this scenario analysis.

A probabilistic sensitivity analysis (PSA) was undertaken
using 10000 iterations to assess uncertainty in the model
input parameters simultaneously. The input parameters,
variations and corresponding distributions are presented
in table 1. As variance in mortality rates and costs were
not available, methodology employed by Briggs et al was
applied." CHD mortality rates assumed uniform distribu-
tions (applying 20% variance from the input variable),
while gamma distributions were applied to costs (where
the variance was equal to the mean/input value).

Patient and public involvement

Patients and/or the public were not involved in the
design, or conduct, or reporting, or dissemination plans
of this research.

RESULTS

VCOR population

Data from 32 198 consecutive PCls in Victoria over a 4-year

period (1 January 2014 to 31 December 2017) were used

to explore the impact of VCOR on clinical practice. Base-

line and procedural characteristics of the VCOR popula-

tion are presented in online supplemental tables 5 and 6.
The cohort was predominately male (77.0%), over-

weightor obese (76.2%) undergoing PCI for ACS (50.9%)

in public hospitals (63.2%).

$600,000

$500,000

$400,000

$300,000

ICER ($/YoLS)

$200,000

$100,000
$50,000 per YoLS

The results of multivariable modelling on changes in
radial access and DBDT over time are presented in online
supplemental table 7.

The likelihood of patients managed through femoral
access decreased annually across all non-ACS and ACS
indications for PCI (p<0.001). For patients undergoing
primary PCI for STEMLI, the likelihood of timely reperfu-
sion (DBDT <90 min) increased annually by at least 15%
across both sexes (p<0.05).

Economic analysis of the total Victorian population

The impact of varying the assumed contribution of VCOR
on the ICER and the ROI are presented in figure 1 and
online supplemental figure 1, respectively.

The minimum proportional change in CHD mortality
attributed to VCOR required for the registry to be consid-
ered cost-effective was 0.125% (figure 1). Table 2 presents
the base case analysis in terms of the overall clinical and
costimpacts attributed to 5years of full coverage of VCOR
for the Victorian population aged >25 years from 2014
to 2018 at this level of registry contribution (0.125%) to
CHD mortality trends.

Over this period, a total of 19 065 CHD-related deaths
occurred across Victoria. Based on the assumption that
VCOR contributed to 0.125% of the temporal change in
CHD mortality over time, the clinical benefit attributed to
VCOR was the prevention of 23 CHD-related deaths and
53 (discounted) years of life saved. A total of $A120783

$0

0.00% 0.02% 0.04%

0.06%

0.08% 0.10% 0.12% 0.14%

Relative contribution

Figure 1

Relative contribution of Victorian Cardiac Outcomes Registry (VCOR) to coronary heart disease mortality trends

versus VCOR cost-effectiveness. ICER, incremental cost-effectiveness ratio; YoLS, year of life saved.
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Table 2 Results of the base case economic model, assuming that VCOR contributed to 0.125% of the temporal change in

CHD mortality
Overall (N = 4 017 397) Difference
Parameter VCOR No VCOR
Clinical outcomes, n (%N)
CHD deaths 19065 (0.47%) 19089 (0.48%) -23
Non-CHD deaths 140455 (3.50%) 140452 (3.50%) 3
Total deaths 159520 (3.97%) 159540 (3.97%) -20
Years lived* 17887125 17887072 53
Cost outcomes
VCOR* $2727570 - $2727570
CHD deaths* $98517938 $98638721 -$120783
Non-CHD deaths* $722495795 $722 480855 $14941
Total health cost* $823741304 $821119575 $2621728
VoSLY* $3 939 854 066 111 $3 939 842 427 479 $11638633

ICER ($/YoLS)* (point value, 95% ClI)t
ROI ratio* (point value, 95% Cl)t
All costs are expressed in Australian dollars ($A).

*Results discounted at an annual rate of 5%.
TEstimated from probabilistic sensitivity analysis.

$49616 ($42 228 to $59 608)
4.3 (3.6 0 5.0)

CHD, coronary heart disease; ICER, incremental cost-effectiveness ratio; ROI, return on investment; VCOR, Victorian Cardiac Outcomes

Registry; VoSLY, value of statistical life year.

was saved over this period due to the prevention of CHD
mortality. This was balanced against a higher incidence of
non-CHD mortality in the VCOR cohort (because the risk
of non-CHD death was not assumed to have changed by
VCOR), which incurred an additional cost of $A14941.
The total cost of VCOR was $A2727570 (discounted).
Hence, the net cost of VCOR from the perspective
of the Australian healthcare system was $A2621728
(discounted). The ICER associated with VCOR was
$A49616 per YoLS (95% CI $A42 228 to $A59 608). From
a broader, societal perspective, the savings attributed to
VCOR were $A11638 633 based on an assumed VoSLY of
$A220262. The ROI ratio, which is the ratio of the total
cost savings to the total costs of VCOR, was 4.3 (95% CI
3.6 to 5.0), that is, for every $A1.00 invested in VCOR, a
return of $A4.30 was delivered.

Table 3 presents the results of sensitivity analyses in
terms of ICERs, net societal costs attributed to VCOR
operation and ROL.

The model was most sensitive to the assumed time
horizon, and the extent to which VCOR contributed to
mortality trends in Victoria. Across each scenario, VCOR
represented a positive ROI. The results of the PSA are
presented in figure 2.

Based on the results of the PSA, the majority (97.5%) of
iterations fell below an ICER of $A60000 per YoLS.

DISCUSSION
Our economic evaluation found that the minimum contri-
bution to the proportional change in CHD mortality over

time required for VCOR to be cost-effective was 0.125%.
That is, for VCOR to be considered cost-effective from
the perspective of the Australian healthcare system, the
registry would need to prevent 23 CHD-related deaths
between 2014 and 2018 (byears inclusive), through
benchmarking and health systems quality improvement.
In lieu of data pertaining to the direct impacts of VCOR
operation on CHD mortality, our analyses suggest that
VCOR is likely to be cost-effective on the basis of the
comparatively small CHD mortality benefits (23 deaths
over byears) required for the registry to fall within
the widely established willingness-to-pay threshold of
$A50000 per YoL.S.** Since the establishment of VCOR,
there has been a considerable increase in hospital uptake
of PCI via radial access.®®® Furthermore, the likelihood
of patients with STEMI being managed with timely reper-
fusion had increased annually throughout the period of
2014-2018.° These trends in improved patient manage-
ment are facilitated through VCOR benchmarking and
health systems feedback and are likely to contribute
to the reduction in cardiac mortality observed across
Victoria.” ® * Lastly, data from VCOR have informed
research exploring disparities in the management of ACS
to further drive improvements in cardiac care and subse-
quently, reduce CHD mortality across Victoria.* “

Our findings are in accordance with similar economic
evaluations previously conducted in Australia and New
Zealand."* The ROI estimated for five CQRs in Australia
varied from 2.0 to 7.0 based on improvements in key
performance indicators (KPIs) unique to each registry.*
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Table 3 Results of deterministic scenario analyses

Scenario Net cost* ROI ratio* ICER ($/YoLS)*
Base caset $14260361 4.3 $49616
Time horizon (starting year 2014)

1 $1236407 1.2 $185866

2 $3575677 2.2 $99280

3 $6685471 3.0 $71341

4 $10311267 3.7 $57648
Time horizon (starting year 2015)

1 $1236668 1.2 $185785

2 $3556 760 2.1 $100185

3 $6623705 3.0 $72297

4 $10183945 3.6 $58642

B $14097 331 4.2 $50315
Contribution to trends (base case: 0.125%)

Lower (0.10%) $11953831 3.4 $62521

Upper (0.15%) $16566 876 5.2 $41013

ANZACS-QI (0.50%) $48856 609 17.2 $10902
VoSLY (base case: $220 262)

Lower (—25%) $11350703 3.2 $49616

Upper (+25%) $17170019 5.4 $49616
Cost of VCOR (base case: $600 000)

Lower (—25%) $13578468 5.7 $36712

Upper (+25%) $14942253 3.4 $62521

All costs are expressed in Australian dollars ($A).
*Results discounted at an annual rate of 5%.
tStarting year 2014, 5-year time horizon.

ANZACS-QI, All New Zealand Acute Coronary Syndrome Quality Improvement programme; ICER, incremental cost-effectiveness ratio; ROI,
return on investment; VCOR, Victorian Cardiac Outcomes Registry; VoSLY, value of statistical life year.

Similarly, a cost-effectiveness analysis of the ANZACS-QI
programme found a positive ROI (1.53) over lyear of
evaluation, which improved considerably after expanding
the time horizon to Hyears (7.49) 1% The collection of
data by ANZACS-QI has been used for addressing subop-
timal adherence to guidelines in the management of ACS
identified across New Zealand district health boards. In
evaluating the cost-effectiveness and ROI attributed to
ANZACS-QI, improvements in KPIs contributed to reduc-
tions in patient mortality and readmissions observed over
the period of evaluation (2013-2016), and the registry
was both cost-effective and represented a sound invest-
ment for the New Zealand healthcare system.'**
Additionally, there is considerable evidence of improved
patient outcomes as a result of interventions attributed to
cardiac CQR benchmarking and health systems feedback
in the UK and Sweden."”*** Data collected by the British
Cardiovascular Intervention Society were of considerable
utility for informing clinical practice in the setting of PCI,
allowing for the identification of variable uptake in radial
access across hospitals, delays in PCI for patients with
NSTEMI and a low rate of same-day discharge for patients

undergoing elective PCL* Changes to these parameters
are likely to improve patient outcomes and efficiency in
the delivery of health services for cardiac care.****® Simi-
larly, mortality from CHD in Sweden declined considerably
between 1995 and 2014 due to changes in the evidence-
based management of NSTEMI and STEMI based on data
collected as part of the Swedish Web-system for Enhance-
ment and Development of Evidence-based care in Heart
disease Evaluated According to Recommended Thera-
pies (SWEDEHEART) CQR."”* Such changes have been
facilitated through ongoing quality improvement and
benchmarking through SWEDEHEART and other, well-
established CQRs."” *

In Australia alone, several cardiac CQRs have been
established across a variety of settings. These include
condition-specific registries, such as the Australian Resus-
citation Outcomes Consortium for out-of-hospital cardiac
arrest, and the Australian and New Zealand Society of
Cardiac and Thoracic Surgeons Database Programme as
well as VCOR, a cardiac devices or procedures-focused
registry.” The considerable VoSLY assumed in our
methodology, coupled with the high mortality burden
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Figure 2 Results of the probabilistic sensitivity analysis. $A, Australian dollars; YoLS, year of life saved.

of cardiovascular diseases globally, is likely to offset the
substantial costs attributed to establishing and main-
taining cardiac CQRs. Our findings set precedence for
similar evaluations to be performed internationally to
support CQR uptake and investment, and emphasises the
importance of registry development in consideration of
KPIs which contribute to improved patient outcomes and
ultimately, ROL*

LIMITATIONS

A key limitation to our analysis was the uncertainty around
the clinical benefit conferred by VCOR with respect to
the observed trend in mortality. Hence, we explored the
minimum contribution to temporal reductions in CHD
mortality required for VCOR to be cost-effective, based
on the assumption that registry benchmarking and
feedback contribute to a small proportion of temporal
reductions in CHD mortality. Importantly, in scenario
analyses whereby the benefit of VCOR was lowered
from an already small value, the ICER increased slightly
($A49616 per YoLS to $A62521 per YoLS) and was still
associated with positive ROI. Furthermore, 97.5% of
iterated ICERs in the PSA fell below $A60000 per YoLS;
while no formally published value for cost-effectiveness
has been established in Australia, the Choosing Interven-
tions that are Cost-Effective programme of WHO defines
interventions with a cost per quality-adjusted life year or
YoLS less than one gross domestic product (GDP) per
capita as ‘very cost-effective’.”® As the current GDP per
capita in Australia is $A89743 (or US$61977 assuming

US$1=$A1.45 in 2021), our analyses demonstrate that
VCOR is likely to be very cost-effective.”™ Second, it was
not possible to assess the impact of VCOR on readmis-
sions for recurrent ACS, and on patient morbidity and
quality of life through ABS data. Hence, our analyses
were limited to capturing the mortality benefit attributed
to VCOR. However, KPIs pertaining to patient morbidity,
including major adverse cardiac and cerebrovascular
events, hospital length-of-stay and in-hospital unplanned
revascularisation, had remained stable and were relatively
low throughout the period of evaluation.”™ *' Readmis-
sions for ACS in Victoria had also remained stable over
time.”*® Therefore, incorporating the potential cost and
clinical impacts attributed to other trends in clinical prac-
tice or the reporting of KPIs outside of DBDT for patients
with STEMI by VCOR, would not have changed our
findings in a substantial manner. Additionally, there is a
lack of robust data pertaining to quality of life following
ACS in Australia, which limited analyses on the impact
of VCOR on patient morbidity.”® Third, cost inputs for
patient mortality were based on DRG estimates that were
constant across age, sex and ACS indications. This was in
lieu of robust, bottom-up cost data.!? %25 However, sensi-
tivity analyses found that the economic model was robust
to the costs of hospitalisations.

CONCLUSION

VCOR represents a sound investment for the Victorian
healthcare system. Based on the assumption that VCOR
benchmarking and feedback contributed to a small
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proportion of the observed reduction in CHD mortality
over time, the registry is associated with cost savings at the
societal level. Additionally, VCOR is cost-effective from
the perspective of the healthcare system.
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