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Introduction
Healthcare systems face an increasing demand for costly medical
interventions. The primary concern of a physician is centred
around the best possible treatment for his or her patients, according
to patients’ requests and expectations. The healthcare system, in
contrast, is ideally concerned with the assignment of resources
in the best interest of society.1 Clinicians, public health physicians,
economists, commissioners, managers, and politicians need to find
ways to balance between what is best for the individual patient
and what society can realistically afford.1– 3 Appraisals of the clinical
effectiveness, cost-effectiveness, cost-impact, and commissioning of
emerging therapies can inform such judgements and decisions.

Health technology assessments (HTAs) provide a means for
assessing the clinical and cost-effectiveness of healthcare interven-
tions.4 The aim of HTAs is to provide unbiased, rigorous, and
transparent guidance in the application of emerging therapies, in
the background of available resources.5,6 They are, in effect, a
link between clinical evidence and policy-making, informing govern-
ment agencies, healthcare professionals and administrators, private
sector organizations, the healthcare industry, as well as patients,
carers, and the general public.

The past decade has witnessed relentless advances in interven-
tional electrophysiology and device therapy. This has mainly been

attributable to the development of cardiac resynchronization
therapy (CRT),7 the widening indications for implantable cardio-
verter defibrillator therapy,8,9 and the emergence of ablation for
atrial fibrillation (AF).10– 12 Characteristically, these therapies
involve initial costly equipment and procedures, delivered in a spe-
cific infrastructure, while their benefits are generally accrued over
the long term. Not surprisingly, such therapies attract scrutiny
from commissioners and policy-makers. In this position paper,
we review a series of issues that are related to HTAs for catheter
ablation and device therapy and that in our view deserve attention.

Health technology assessment:
a bridge between evidence
and policy-making
The mission of a HTA is to offer guidance to decision-making at
the level of the individual clinician, hospital, health economy, and
a healthcare system as a whole. The inputs to a HTA come from
clinicians, clinical guideline groups, epidemiologists, biostatisticians,
economists, commissioners, and health policy-makers (Figure 1).
To maintain transparency, HTAs count on the participation of
other stakeholders, such as paramedical professional groups, tech-
nologies’ producers, and patient groups. It is this multidisciplinary
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approach that has popularized HTAs in the implementation of
clinical interventions.2 Regional policy decision-making as well as
regional economics are pivotal in the delivery of healthcare and
therefore, regional input is required in the development of
HTAs. This is particularly important in communities such as
Europe, where wealth, healthcare provision, and costs of medical
interventions vary widely. While harmonization of healthcare pro-
vision remains an unlikely option in today’s Europe,13 aspirations
towards a common ground should not be dismissed. The recom-
mendations from bodies such as the EuNetHTA network14

(Supplementary material online, Table S1) strive to establish such
common ground.

The HTA process consists of three phases: scoping, assessment,
and appraisal15 (Supplementary material online, Table S2).

Clinical efficacy and effectiveness
The benefits of a given therapy may be measured in terms of effi-
cacy or effectiveness. While both of these are measures of how
well a technology improves patients’ health, efficacy refers to the
benefit of using a technology under ideal conditions, e.g. within a
managed randomized controlled trial, whereas effectiveness
refers to the benefit of using a technology in the ‘real world’.
Both measures have their advantages, but reflect different
aspects of the therapy and/or the specific population in question.

Systematic reviews have become the most widely accepted
means of appraising evidence of clinical efficacy and clinical effect-
iveness. In recent years, many recommendations on how best to
conduct systematic reviews have been developed.6 The Cochrane
Collaboration, the Scottish Intercollegiate Guideline Network
Review Group, and the German Institute for Quality and Efficiency
in Health Care are among the most prominent organizations that
provide guidance on systematic reviews. Tools, such as PRISMA

and MOOSE, should also be used in reporting the findings of
systematic reviews.16

Outcomes
The outcomes of medical interventions or programmes may be
measured in terms of physiological outcomes, clinician-reported
outcomes, caregiver-reported outcomes, or patient-reported
outcomes.17,18 It is accepted, however, that patients are the
most legitimate source of information about their own health18

and therefore patient-related outcomes have been adopted as
the most important reference. In the specific field of electrophysio-
logical interventions, the most important therapeutic effects are
shown in Table 1, in hierarchical order.

Table 1 Relevant therapeutic effects of interventions
in the field of cardiology

Prolonging life

Preventing cardiovascular death/sudden death

Preventing stroke (mainly ischaemic, but also intracerebral bleeding
as a rare consequence of anticoagulant therapy)

Improving exercise capacity and quality of life

Preventing arrhythmia-associated symptoms (e.g. palpitations,
shortness of breath)

Preventing hospitalizations (e.g. due to worsening heart failure, acute
atrial fibrillation, or acute coronary syndromes)

Improving social functioning, improving autonomy and cognitive
function (it may lead to re-integration in work processes)

These endpoints of therapy are valid for electrophysiological interventions, such
as devices or catheter-based interventions, but also for other interventional
treatments. Effects are given in hierarchical order.

Figure 1 The process of health technology assessment.
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Quality-adjusted life years
The quantity and the quality of life are the most basic components
of a health outcome measure. The most widely accepted measure
is the quality-adjusted life year (QALY), which is the arithmetic
product of life expectancy and the quality of remaining life.
Accordingly, a year of perfect quality life is worth 1; a year of
less than perfect quality life is worth ,1, and; death is equivalent
to zero. The QALY concept is based on generic measures of
quality of life using standardized questionnaires, such as the Short-
Form 36 (SF-36) health survey and the EuroQoL (EQ-5D).3,18 Ad-
mittedly, QALYs is based on such generic questionnaires and may
not be sensitive to the effects of specific disease processes. Specif-
ically designed scores, such as the Minnesota Living with Heart
Failure questionnaire and the NYHA class classification for heart
failure, or the AF-Qol (quality of life), and the ‘EHRA score’ for
AF10,19,20 may better assess the effects a specific disease on the
patient.

Costs
The costs include the upfront costs as well as the overall costs
over the duration of therapy (Figure 2). The costs of therapy
should be assessed based on resources, not reimbursement. Con-
sumed resources should be presented in a transparent fashion3 and
modelling should be employed in the quantification of resources
that are not directly observed. Estimations of costs and their
presentation should encompass direct costs, informal care, and

productivity costs and societal costs, respectively (Supplementary
material online, Table S3 and Appendix S1).

Cost-effectiveness
An assessment of cost-effectiveness is central to HTAs. The cost
per QALY has almost universally been adopted as the preferred
measure of cost-effectiveness although simpler methods to
present economic data have been suggested. The incremental cost-
effectiveness ratio (ICER) compares an intervention to the appro-
priate alternative by making a ratio between the difference in costs
and the difference in effectiveness. In cost-utility analysis, the result
is expressed as ICER per QALY gained, a measure which has been
extensively validated.3 The ICER is expressed as follows:

(Costs Treatment A−Costs Treatment B)/(Outcomes Treatment A−
OutcomesTreatmentB).

There is no fixed threshold as to what should be considered cost-
effective. In the USA, interventions with ICERs ,$50 000
(E37 135) are usually considered acceptable; those exceeding
$100 000 (E74 270) are considered too expensive, and; the
range from $50 000 to $100 000 (E37 135–74 270) is the ‘grey
zone’.3 In the UK, according to decisions taken by the National In-
stitute of Clinical Excellence (NICE), therapies with an ICER per
QALY ≤ GBP 15 000 (E22 261) are considered cost-effective,
whereas special reasons would be required for supporting tech-
nologies with ICERs . GBP 30 000 (E44 523).1 No single
figure is available for Europe, but a benchmark of E40 000

Figure 2 Calculation of cumulative cost (in E) over time of a device therapy (e.g. for preventing sudden cardiac death) vs. pharmacological
therapy (costs are presumptive). The costs linked to device therapy show an asymmetrical, discontinuous distribution, while drug therapy is
characterized by a progressive increase of cumulative costs, with a constant slope. Cumulative costs are calculated considering device
therapy and medical therapy alone, as well as combined prophylactic therapy (drugs and device).
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($53 824) appears to be consistent among the wealthiest
countries.3

Sensitivity analyses
The ‘reference case’ in cost-effectiveness analyses is a relatively
crude figure that reflects the patient characteristics, device tech-
nology, implantation techniques, post-operative care, medical
therapy, and long-term follow-up that pertain to the study popula-
tion, be it a trial or a registry. To be meaningful for context-specific
decision-making, reference cases must be adjusted to reflect
current guidelines, current, and ‘real world’ practice. Sensitivity
analyses provide a means of assessing uncertainty and of adjusting
reference to particular situations. These analyses consist of varying
key parameters and calculating the effects on the ICER.3

Perspective
The type of resources to be taken into account in an economic
evaluation largely depends on the perspective, or the viewpoint,
from which an analysis is conducted.3,6,21 Clinical efficacy data
are almost universally the product of large, multicentre rando-
mized clinical trials. In the case of rare diseases, it may be technic-
ally impossible or ethically unjustifiable to conduct randomized
clinical trials, so a less solid evidence may be available. Cost-
effectiveness analyses are often undertaken combining evidence
from different sources, including registries and observational
studies. Often, these sources come from different countries with
different healthcare systems, equipment, and procedure costs as
well as different reimbursement schedules.22,23 To make a HTA
relevant to different European countries, their particularities, in
terms of healthcare funding and organization, must be reflected
throughout the HTA process. While continuous efforts should
be made to reduce differences in healthcare provision across
Europe, some differences are inevitable. Notwithstanding, a publicly
funded healthcare system should be adopted in the reference case.

Potentials and limits
of cost-effectiveness
While cost-effectiveness strongly influences the conclusions of
HTAs, it does not imply public priority.1,2 It is true that therapies
that are most cost-effective are likely to be applied first. There
will, however, be clinically and cost-effective therapies that
cannot be implemented for other reasons. There may, for
example, be too many individuals eligible to have it, or there
may be technical and logistical reasons precluding implementation.
On the other hand, an intervention that is not cost-effective may
be worth supporting if there is no alternative therapy. Clearly, im-
plementation of a new therapy depends on factors other than
cost-effectiveness.

Cost-effectiveness analysis provides an analytical approach to
identify the economic value of interventions and to prioritize
them. While in theory it can be used to, automatically produce
decisions about funding technologies, it is advisable to see it as
one of the dimensions to be investigated in HTAs and thus as
one of the inputs to multicriteria decision-making. In addition to
efficacy, effectiveness, and cost-effectiveness other important

criteria include equity, organizational concerns, and ethical implica-
tions associated to the use of the technology.

The factors influencing economic evaluations in interventional
electrophysiology and device therapy and the evaluation of avail-
able HTA are discussed in the Supplementary material online,
Appendix S2).

When to undertake a health
technology assessment?
There are no hard and fast rules as to the timing of an HTA. The
advantage of an early HTA is the abandonment of technologies or
interventions that are ineffective or harmful. On the other hand, an
early HTA may be misleading, particularly for therapies that are
evolving and for which long-term outcomes may not be known.
All HTA bodies across Europe that are partners of EUnetHTA
(Supplementary material online, Table S5) are focused on an ana-
lysis of the respective healthcare contexts in order to determine
the best timing and the best possible way in which an HTA may
have a positive influence on policy processes. The European
Heart Rhythm Association (EHRA) is committed to be a stake-
holder in this field, providing independent assessments of both
technical and clinical issues.24 As an organization of the European
Society of Cardiology (ESC), EHRA will consult with other ESC
organizations (e.g. coronary or valvular interventions) in the
various issues that it should adopt in assessing HTAs.

Recommendations
On the basis of the above, we make the following recommenda-
tions for agencies that undertake economic evaluations in Interven-
tional Electrophysiology and Device Therapy. The same
recommendations may apply to other interventional procedures
in cardiology.

Questions and study population
† The scoping, assessment, and appraisal of an emerging therapy

should address questions that are relevant to patient groups
in which clinical effectiveness has been proved. As outlined in
clinical practice guidelines, such patient groups should be
defined in collaboration with experienced clinicians.

† A separate appraisal of situations in which there is inappropriate,
suboptimal or unintended use of the intervention should also be
undertaken. Such situations may include those that are under-
taken in clinical practice but which do not necessarily fall
under current guidelines.

Outcomes
† Mortality and other outcomes commonly used in cardiology

trials should be the main basis to evaluate technologies in
HTAs. In addition, for the economic analysis, QALYs should
be the preferred summative measure of the clinical outcome.
The use of disease-specific quality of life assessments should
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be supported by a rigorous validation against the EQ-5D
questionnaire.

Costs
† Costs should be based on resources and should be subdivided

direct healthcare and non-healthcare costs, costs for informal
care and productivity costs; societal costs refer to analyses
that include all these costs.

† Explicit reporting of consumed resources, including number of
units, manufacturer, model, and cost per unit should be
specified.

Economic evaluation
† A lifetime horizon should be adopted in economic evaluations

of therapies for chronic conditions, or when a given therapy
and the comparator affect survival at different rates. Such is
the case for therapies for conditions that have a long-term
effect on survival and/or quality of life, such as catheter ablation
and device therapy.

† While assuming a lifetime perspective often needs to extrapo-
late data from trials through models, clinical data taken directly
from trials can be used to reflect the average expected duration
of the interventional effect. This may range from 4 to 8 years for
defibrillator implantations before replacement to ‘lifelong’
effects for some forms of catheter ablation. Cost of continuous
management, including follow-up for devices and management
of rare complications of therapy, such as device infections or
lead replacement, re-ablation procedures, etc., should be inte-
grated in the analyses.

† The assumptions adopted in modelling should be clearly stated.
Every effort should be made to make these assumptions consist-
ent with internationally recognized HTAs guidelines.

† Cost-effectiveness should be measured as Incremental cost per
QALY gained according to the standard of cost-utility analysis.
Additionally, the social value of interventions should be investi-
gated by techniques aimed to elicit public views on the provision
of health care, with the potential for revising priorities set by
decision-makers.

† Sensitivity analyses should address uncertainty concerns and the
cost-effectiveness of a given therapy applied in accordance with
current clinical guidelines. The cost-effectiveness of adhering
and deviating from current guidelines should be specifically
addressed.

† Sensitivity analyses must assess the effects of varying size of ben-
efits, side effects, time horizon, equipment costs, device longev-
ity nature of procedure, hospital costs of interventions, and
co-morbidities.

† An appraisal of the extent to which co-morbidities impact on
cost-effectiveness should be undertaken.

† All economic evaluations should consider the arguments for
adopting an intervention that is not cost-effective if there is
no alternative therapy.

† Device treatments have short life cycle, and frequent change of
profile that may facilitate its use, reduce costs, and reduce risks.

Therefore economic analysis and HTA should be periodically
updated according to the developments of specific technologies.
Assessments based on obsolete techniques should no longer be
considered.

Budget impact, organizational,
and educational issues
† The budget impact of a given therapy must be presented in

terms of the upfront costs as well as the overall costs over
the duration of therapy.

† Healthcare funding and organizational issues must be reflected
throughout the HTA process.

† In the introduction of a new health technology, such as a device
or an interventional procedure (i.e. CRT, AF ablation, ventricu-
lar tachycardia ablation, percutaneous coronary, and valvular
interventions) there is usually a ‘learning curve’, which will
impact on the effectiveness and complications of a specific treat-
ment/intervention. Therefore, issues related to training, educa-
tion, definition of the appropriate setting for therapy delivery
need to be considered and addressed. Moreover, the implemen-
tation of a new device or intervention can often have important
organizational implications with regard to referral (e.g.
hub-and-spoke models).Therefore, adaptation and contextual-
ization with regard to specific environments, reorganization of
access to laboratories need also to be considered. The role of
scientific professional organizations in providing adequate
inputs is crucial.

Supplementary material
Supplementary material is available at European Heart Journal
online.
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