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Abstract

Aims: The Stent for Life initiative aims at the reduction of mortality in patients with ST-elevation myocardial infarction
by enhancing timely access to primary percutaneous coronary intervention. To assess the associated health and
socioeconomic impact, the Stent for Life economic project was launched and applied to four model regions: Romania,
Portugal, the Basque Country in Spain, and the Kemerovo region in the Russian Federation.

Methods and results: The Stent for Life economic model is based on a decision tree that incorporates primary
percutaneous coronary intervention rates and mortality. Healthcare costs and indirect costs caused by loss of
productivity were estimated. A baseline scenario simulating the status quo was compared to the Stent for Life scenario
which integrated changes initiated by the Stent for Life programme. In the four model regions, primary percutaneous
coronary intervention numbers rose substantially between 29-303%, while ST-elevation myocardial infarction mortality
was reduced between 3—10%. Healthcare costs increased by 8% to 70%. Indirect cost savings ranged from 2—7%. Net
societal costs were reduced in all model regions by 2—4%.

Conclusion: The joint effort of the Stent for Life initiative and their local partners successfully saves lives. Moreover,
the increase in healthcare costs was outweighed by indirect cost savings, leading to a net cost reduction in all four model
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regions. These findings demonstrate that systematic investments to improve the access of ST-elevation myocardial
infarction patients to guideline-coherent therapy is beneficial, not only for the individual, but also for the society at large.
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Introduction

Ischaemic heart disease including ST-elevation myocardial
infarction (STEMI) is the leading cause of death world-
wide, and results in significant socioeconomic costs due to
substantial health expenditure as well as loss of labour pro-
ductivity.!? Guidelines on the management of STEMI
emphasise the importance of timely access to reperfusion to
reduce morbidity and mortality in this population.’
Whenever feasible, primary percutaneous intervention
(pPCI) of the occluded coronary artery is the preferred
approach. Notwithstanding the clear scientific evidence,
reperfusion strategies vary widely across Europe, which led
to the constitution of the multi-organisational ‘Stent for
Life’ (SFL) initiative.*¢ This initiative supports national
cardiac societies and stakeholders in the development of
systems of care, enhancing timely access to pPCI for all
patients with STEMI, initially in Europe, by now world-
wide. Results of this successful collaboration with the
development of country or region specific multimodal
action plans, their implementation and outcomes in a wide
variety of different healthcare settings in emerging as well
as developed countries, were published previously.”!!
Whereas the scientific evidence to display the clinical ben-
efits of a pPCI strategy in STEMI patients is sound, the
health and socioeconomic impact remains difficult to grasp.
Therefore the ‘SFL economic model” was developed. We
report the clinical results, the attributed costs and the socio-
economic impact of four regions in which the SFL contrib-
uted to the enhancement of guideline-coherent therapy in
patients with STEMI.

Methods
Economic model

The economic model was developed by the Health
Economic Working Group of the SFL initiative to demon-
strate the financial, economic and clinical benefit of timely
STEMI admissions and increased numbers of patients
treated with pPCI. It was designed to allow applicability to
a wide variety of different countries and regions, emerging
as well as developed countries, with their corresponding
healthcare settings. The model was adapted for each coun-
try or region of interest, and real world data, e.g. from local
registries, provided by the local stakeholders were used. To

evaluate the economic impact of the SFL initiative, the
model compares the results and outcomes of the SFL initia-
tive against a baseline scenario which simulates the con-
tinuation of the status quo without increase in pPCI numbers
and consecutive improvement in outcomes.’ The decision
tree model constructed is presented in Figure 1.!2 The fol-
lowing variables were used: population of the catchment
area, STEMI incidence, admission rates within 12 h, the
distribution of reperfusion strategies and their correspond-
ing outcomes (see Supplementary Material Table S-1 for
details). The results display the clinical impact as well as
outcomes and are the basis for the subsequent health and
socioeconomic evaluations.

The impact on healthcare resources is quantified by
determining the costs directly attributable to the healthcare
sector.!3 The first cost category is represented by the fixed
costs, meaning that these costs are to be spent irrespective of
the number of future STEMI patients to be treated. Those
costs mainly result from the investments into the essential
infrastructure enhancing timely access to — and provision of
— 24/7 pPCI capacities. Examples for those costs in earlier
projects were investments to build and equip new catheteri-
zation laboratories, train or hire interventional cardiologists,
investments in a telemedicine infrastructure with, for exam-
ple, retrofitting of emergency ambulances with telemedi-
cine-suitable ECG machines or spending on public
awareness campaigns. The second cost category is repre-
sented by the, so-called, direct variable costs which depend
on the number of patients treated. These costs accrue from
the reimbursement of healthcare providers for the index
hospitalisation, as well as follow-up costs due to readmis-
sions, use of other medical services or medication costs.
They are modelled from a third-party payer perspective. The
variable costs are determined for each reperfusion strategy.
All costs besides the initial fixed costs are discounted with
country-specific discount rates and given in US dollars
(USD) to allow comparability between countries.

The impact on the loss of productivity due to reduction
of morbidity and mortality is quantified using a human
capital approach.'* To allow applicability, comparability
and scaling over different countries and regions the per
capita gross domestic product (GDP), as determined by the
World Bank, was used as a measure of an individual’s pro-
ductivity, instead of a wage-based value. Loss of productiv-
ity per individual due to mortality or disabling morbidity
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Figure |. Decision tree model to quantify the impact of the Stent for Life (SFL) initiative.
CABG: coronary artery bypass graft; PCl: percutaneous coronary intervention; STEMI: ST-elevation myocardial infarction.

was estimated by multiplying the difference between retire-
ment age and mean age at time of death or disablement with
the annual per capita GDP. The percentage of persons drop-
ping out of the labour market was assumed to be 8% for
patients admitted to hospital and 12% for those without
hospital treatment. For the quantification of the loss of pro-
ductivity due to morbidity per individual, the time period of
being temporarily absent of work until full recovery was
estimated. For the model, it was estimated that a return to
work after the STEMI event was after one month with pPCI
therapy and three months without pPCI. As to thromboly-
sis, time to full recovery was adjusted based on differences
of readmission rates after pPCI and thrombolysis, respec-
tively. Readmission rates were derived from the derived
from the Primary Angioplasty vs Immediate Thrombolysis
in Acute Myocardial Infarction (PRAGUE-2) and the
Swedish Early Decision (SWEDES) trials, respectively.!5:16
The proportion of a year not being able to work multiplied
by the per capita GDP then gives the indirect costs per indi-
vidual caused by STEMI morbidity.

The burden of a disease is defined as the result of the
negative influence of a disease on the general health of a
population.'” To quantify the impact of the SFL initiative
on the burden of disease with increased numbers of pPCI,
years of life lost (YLL) were calculated for each reperfu-
sion strategy. YLL are those years between actual death
due to a STEMI and the statistical life expectancy in
years.!8 To calculate it on a population level, the popula-
tion, STEMI incidence, STEMI mortality, mean age at
STEMI presentation and region-specific life expectancy
were used. Incorporating the value of a statistical life year
and multiplying it by YLL gives a monetary estimation of
the change of the burden of STEMI in the different reper-
fusion strategies.!? For the burden of disease from morbid-
ity, disability weights to indicate the loss of perfect health
due to the disease were used. For a STEMI patient treated
with pPCI, we found the disability weight to be 24%, and
for thrombolysis 27%.20

The basis for the quantification of the health and socio-
economic impact of the SFL initiative are the expected or
observed clinical outcomes with increased numbers of
timely STEMI admissions, increased numbers of pPCI, and
the reduction in mortality and morbidity. Those outcomes
are then compared to a baseline scenario, assuming that the
SFL initiative did not take place and that treatment patterns,
morbidity and mortality remain unchanged. The difference
of direct healthcare costs including fixed costs and the sav-
ings in indirect costs over the region-specific observation
period gave the quantified net societal benefit of a treatment
strategy in general. Subtracting the net benefit of the base-
line scenario from the net benefit of the SFL initiative sce-
nario, finally, gives the incremental benefit as a measure of
the quantified socioeconomic impact of the SFL initiative.

Furthermore, the impact of the SFL initiative on the
reduction of the burden of disease caused by STEMIs is
quantified by the difference in years of life lost times the
value of a statistical life year between the baseline and SFL
scenario.

See the Supplementary Material Table S1 for details on
the input variables and Supplementary Material Table S2
for details on the output metrics of the SFL economic model
and how they were calculated.

Model regions

The four model regions for which the results are presented
are Romania, Portugal, the Basque Country, Spain and the
Kemerovo region in the Russian Federation.

The annual STEMI incidence in the 19.7 m Romanian
citizens is estimated at 1040 patients per million people. In
2010, pPCI was provided by 10 hospitals and 35 interven-
tional cardiologists. Beside the efforts to increase pPCI
reimbursement, access to pPCI facilities, public awareness
and the training of a sufficient number of interventional
cardiologists were major challenges.”!® The data for the
health economic model were provided by the Romanian
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ST-Elevation Myocardial Infarction (RO-STEMI) registry
and the health authorities.”

In 2011, Portugal, had a population of 10.6 m citizens. In
2011, 24/7 pPCI services were provided by 18 PCI centres.
As only 23% of STEMI patients were admitted to hospital
a special focus was put on raising public awareness, beside
efforts to overcome barriers in access to pPCI centres.!?
Input data came from the Portuguese Registry of Acute
Coronary Syndromes (ProACS) and the database of the
central administration of the health system (ACSS).2!

The STEMI network of the Basque Country covers 0.6
m citizens. One hospital with five interventional cardiolo-
gists provides 24/7 pPCI services for 950 STEMIs per mil-
lion population per year.>!? Clinical and cost data came
from regional hospital registries and health authorities.

A total of 2.7 m citizens live in the Kemerovo region,
located in north-east of the Russian Federation. In 2011, the
Siberian STEMI incidence was around 1140 cases per mil-
lion population, but up to 84% did not receive pPCI or reper-
fusion therapy at all. One pPCI centre provided 24/7 services.
In 2012, the principles of the SFL initiative were imple-
mented with convincing results. For this region, input param-
eters came from local registries and health authorities.

Results

The SFL economic model was adapted for four model regions
(Romania, Portugal, Basque County, Kemerovo) to evaluate
its applicability as well as the health and socioeconomic
changes initiated by the SFL initiative and their partners in
charge. Preliminary findings were reported previously.”%10
Table 1 presents the results in detail, whereas Figure 2 dis-
plays the increase in the numbers of pPCI per million popula-
tion in the four model regions. Figures 3(a)~«(d) display the
development of the incremental direct, indirect and net costs,
respectively as well as the cumulated net cost savings and the
lives saved in the SFL scenario compared to the baseline
scenario.

For Romania, the model included the whole country and
assessed changes between the years 2009-2014. Based on
the developed programme the number of pPCls was
increased from 136 to 434 per million population, while
mortality was reduced by 10%. This was mainly achieved
by opening new catheterization laboratories, quadrupling
the number of interventional cardiologists, increasing the
reimbursement of the pPCI procedures, and introducing tel-
emedicine facilities on more than 800 ambulances. This
resulted in an increase of timely hospital admissions (<12
h after symptom onset) for up to 60% of all STEMI patients
and pPCI rates of 60% of all timely admitted patients. All
these changes led to an increase of direct healthcare costs
by 23% over the observation period compared to the base-
line scenario, including the substantial investments of 26.5
m USD. The 6% decrease in loss of productivity, amounted
to a net cost reductions of 40 m USD.

For Portugal, the economic model also included the
entire country, measuring data from 2010-2013. At the start
of the SFL initiative in 2010, the number of pPCIs in
STEMI patients was 264 per million population and was
increased to 340 per million population by 2013. The pub-
lic awareness campaign contributed with a 22% increase of
timely admissions. The net result of these improvements
was a reduction of mortality of 414 lives and nearly 45.6 m
USD savings in labour productivity losses. This was
achieved by increasing the number of trained interventional
cardiologists, while the overall number of catheterization
laboratories was actually reduced. Compared to the base-
line scenario, direct healthcare costs attributable to the
increased pPCI numbers rose by 8%. The burden of disease
decreased by almost 150 m USD.

For Spain, the Basque Country region was selected as
model region, as the data pool was the most consistent
compared to other areas. Over the course of the SFL initia-
tive, the initial number of pPCls per million population was
estimated at 254 in 2012 and grew to 341 by 2015, mainly
driven by a 15% increase in timely admissions and a 7%
higher pPCI rate. Significant reductions in mortality of 3%
as well as cost savings of 3 m USD were achieved in an
area of less than 0.7 m people, without building new cath-
eterization laboratories or training additional interventional
cardiologists. Nevertheless direct healthcare costs were
increased by 10%. But still, a net cost reduction was
achieved with a 2% decrease in labour productivity losses.

For Russia, we focused on the Kemerovo region starting
from 2011, at the onset of the SFL initiative, until 2015.
The increase of pPCI numbers from 78 to 315 per million
population, saved 387 lives and decreased mortality by 9%.
During this period, there were substantial investments of
1.8 m USD to build one catheterization laboratory, train
four interventional cardiologists and improve the emer-
gency medical services transportation system. This lead to
an increase in direct healthcare costs of 70% from 10 to 17
m USD over four years. However, the productivity savings
due to higher rates of pPCI more than offset these invest-
ments and higher healthcare costs, resulting in net cost sav-
ings of almost 4.8 m USD per year and a 10% reduction in
burden of disease.

Discussion

The collected data, clinical outcomes and results of the SFL
economic model clearly demonstrate the significant reduc-
tion in mortality in patients with STEMI, as well as labour
productivity losses and the burden of disease achieved by
the joint efforts of the SFL initiative and their local part-
ners. These benefits resulted from an increase in the num-
ber of STEMI patients treated with pPCI, mostly driven by
increased pPCI capacities. But as shown for the Basque
Country, other interventions are at least as important to
enhance timely access to pPCI.
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Figure 2. Numbers of primary percutaneous coronary intervention (PCls) per million population at the start and after the
program of the Stent for Life (SFL) initiative and their relative change.

Pre-SFL: at the start of the SFL initiative; Post-SFL: after the SFL initiative.

The SFL economic model is a generic model constructed
to be applicable to a wide variety of regions and healthcare
settings. The noteworthiness of this model is that it not only
evaluates the perspective of the healthcare system as used
in cost-utility analysis or health-technology assessments,
but also incorporates the socioeconomic perspective, €.g.
the reduction of productivity losses or the burden of dis-
ease.?>?3 The decision tree model reflects the real-life situ-
ation.? The data on pPCI rates and outcomes of hospitalised
patients mostly came from regional or national STEMI reg-
istries. Whereas those data are quite reliable, numbers of
untreated and non-hospitalised patients and therefore the
real STEMI incidence had to be estimated.

Regarding direct costs, the determination of fixed costs
strongly depends on the identification and pricing of essen-
tial investments in the infrastructure. The direct variable
costs depend on the country specific reimbursements for
healthcare services, drugs and devices as well as estimation
on the rate of healthcare utilisation. Furthermore, the impact
on direct costs could be underestimated as the increase in
PCI capacities might have triggered further direct costs,
e.g. in patients with non-STEMIs or stable coronary artery
disease newly treated with PCI.

The modelling of indirect costs must rely on several
assumptions. The used human capital approach compared to
the friction cost method rather overestimates indirect costs,
but is still the one most widely accepted.?* Basing measure-
ment of loss of productivity on average annual income is the
more commonly used approach, but definitions and capture
methods vary. The decision to use the per capita GDP instead
arises from the fact that it is published for nearly every coun-
try and calculated with a uniform method by the World Bank.
Furthermore, it is an indicator of an individual’s productivity

and not only income and, most importantly, it enhances the
applicability of the SFL economic model to different
regions.'+25 The assumptions to calculate years of life lost
and costs due to morbidity were chosen conservatively, thus
rather underestimating costs as, for example, time back to
work varies strongly between countries,2026-28

Altogether, the SFL economic model is a generic model
in which the input of local data is preferred, if available. If
not, missing input variables are estimated using conserva-
tive assumptions. For the four model regions, the model has
shown its applicability and the process with data collection,
validation, discussion and interpretation of results in col-
laboration with local experts led to reliable results.

The multimodal approach to enhance pPCI rather than
thrombolysis in patients with STEMI developed by the SFL
initiative and their local partners, most importantly, saved
lives by the reduction of STEMI-associated mortality. In all
model regions after this approach, absolute mortality rates
were reduced by between 3.1% and 10.1%. This relative
risk reduction is lower than that reported in randomised
controlled trials comparing pPCI and thrombolysis.?*3? In
comparison to these trials with either pPCI or thrombolysis,
our present data reflect a change in the distribution of treat-
ment patterns with an increase of pPCI per million popula-
tion of between 29% and 303%. The growth rates were
higher with lower starting points. To achieve these results a
multimodality approach was mandatory. This involved the
increase of pPCI capacity by building new catheterization
laboratories, training of additional interventional cardiolo-
gists, as well as providing new protocols for the accident
and emergency services. The results of the Basque Country
with increased numbers of pPCI and a reduction in mortal-
ity were achieved with the same number of catheterization
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Figure 3. (Continued)
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(d) Kemerovo Region, Russian Federation
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Figure 3. Incremental direct, indirect, annual, and cumulated net costs of the Stent for Life scenario compared to the baseline-
scenario, as well as the incremental cumulated number of lives saved for (a) Romania, (b) Portugal, (c) Basque Country, Spain and

(d) the Kemerovo region, Russian Federation, respectively.

Costs are displayed in millions of US dollars; positive costs stand for additional spending, negative ones for savings; net costs are the difference
between direct and indirect costs per annum and cumulated, respectively; direct costs include variable and fixed costs (e.g. investments) — Portugal
and the Basque Country were without substantial fixed costs; Lives saved are the cumulated incremental numbers of lives saved in the Stent for Life

scenario compared to the baseline scenario.

laboratories and cardiologists. This demonstrates that the
multimodal efforts of the SFL initiative in reducing time to
first medical contact by public awareness campaigns and
time of first medical contact to balloon by improved pre-
hospital processes are at least as important in enhancing
pPClI rates, hence giving better outcomes.>!

Applying the SFL economic model to the four model
regions, the increase of pPCI rates led to an increase of
direct costs by 8% to 70%, caused by investments in the
infrastructure and increased variable costs due to higher
treatment costs with pPCI compared to thrombolysis. The
relative increase also depended on the pPCI rate starting
point. In the same time, the indirect societal costs due to
productivity losses decreased substantially by 2.5% to 6.9%.
Comparing the cumulated numbers of the baseline scenario
and the changes initiated by the SFL programme with an
observed increase in direct and reduction in indirect costs, a
clear net cost benefit for all four model regions was shown,
which is in accordance with published literature.?02>23 With
areduction of mortality and morbidity, the burden of disease
in the population caused by STEMIs could be reduced.

Limitations

The SFL health economic model, like every model, strongly
depends on the quality and validity of the input data. Most
of the data were obtained from local STEMI registries and
health authorities, but for some, assumptions had to be
made based on the expertise of local stakeholders. For all
assumptions, as explained above, a conservative approach

was used in order not to overestimate the socioeconomic
benefits of enhanced pPCI rates in patients with STEMI.

Conclusion

The joint structured and multimodal programme in collabo-
ration with professional societies, health authorities, health
service providers and the SFL initiative to enhance pPCI
rates in STEMI patients saves lives. The SFL economic
model has proved its applicability in four model regions
and has demonstrated that socioeconomic savings clearly
outweigh the increase of healthcare investments and costs.
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