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Cardiovascular diseases are among the leading causes of morbidity and mortality, imposing a substantial
clinical and financial burden on patients and society. In the Netherlands, it has been estimated that approxi-
mately 1.7 million people were affected by cardiovascular diseases in 2020, resulting in a total cardiovascular-
related expenditure of 6.8 billion Euros, accounting for about 6% of the overall healthcare expenditure in
Euros.! In Italy, direct healthcare costs associated with cardiovascular diseases have been estimated at approxi-
mately € 16 billion, alongside an additional € 5 billion spent on indirect costs calculated as productivity losses.
Furthermore, in 2014, productivity loss due to premature mortality across six European countries amounted
to €19.6 billion (contributing to a total healthcare cost of € 81.1 billion).?

The advancement of novel diagnostic and treatment tools holds paramount significance in both preserv-
ing lives and conserving healthcare resources. For instance, the availability of more precise instruments for
assessing aortic conditions assumes a life-saving role, given that the rupture of thoracic aortic aneurysms is
linked with an overall mortality rate ranging from 97% to 100%. Another illustrative instance is the utili-
zation of artificial intelligence in diagnostics, which has the potential to enhance accuracy and expedite the
diagnostic process, as evidenced by Rueckel et al.*

An increasing array of healthcare technologies is emerging, and novel therapeutic avenues are being vig-
orously investigated within cardiovascular medicine research. These innovative interventions hold the prom-
ise of not only mitigating the prevalence of diseases but also imposing supplementary financial demands on
healthcare systems that are already facing considerable strain.

In contrast to the process of innovation lies the reality that not all emerging technologies inherently rep-
resent advancements over existing technologies. Moreover, the efficacy of such technologies can exhibit vari-
ations contingent upon the specific patient cohort to which they are administered: while a certain patient
subset may attain optimal outcomes, no demonstrable superiority over prevailing standard care might mani-
fest within another subset. In a context where the population’s healthcare needs exhibit incessant escalation,
and the available healthcare resources remain inherently limited, the allocation of these resources becomes%}
a matter of strategic significance. Discerning which technology is most likely to yield the maximal benefit
(value) for patients, the healthcare infrastructure, and the larger society becomes an imperative for deci-
sion-makers. In essence, the act of investing in a particular technology signifies a corresponding divestment
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in an alternative avenue. Furthermore, the cost of investment encompasses not only the acquisition expense
of the chosen technology but also the foregone advantages resulting from the non-selection of the alternative
option. Choices need to be made about “how to employ available resources optimally among innumerable
possible or desirable actions to benefit the health of individuals and of populations.”

Questions arise as to whether a new technology is worth adopting, how to evaluate new programs or
service delivery models, and how to determine whether the new technology gives value for money. Value
for money is linked to the concept of accountability, i.e., rendering a transparent account of resources. The
concept aims to ensure that available resources are efficiently used to maximize desired health outcomes
according to a health system’s objectives. To answer these questions, health technologies should be evalu-
ated for their ability to ensure an adequate level of appropriateness, efficacy, and cost-effectiveness.’ Then, a
decision-making process needs to be put in place that is informed, responsive to stakeholder demands, and
capable of promoting both technological innovation and technology assessment.® Decision-makers should
opt for healthcare technologies that appear promising based on decision-supporting tools that are efficient,
transparent, and replicable.

Health technology assessment as a supporting tool to
support decision-making on health innhovation

Health technology assessment (HTA) is “an area of scientific research orientated toward clinical practice and
designed to support decisions and their deployment about the adoption and use of healthcare technologies.””®
HTA thus forms a link between scientific evidence and organizational, political, and strategic decisions. HTA
refers to a “multidisciplinary process that uses explicit methods to determine the value of health technology at
different points in its life cycle. The purpose is to inform decision-making to promote an equitable, efficient,
and high-quality health system.”” The value of a technology is determined by assessing the direct and indirect
consequences of clinical efficacy, costs, and economic, ethical, social, cultural, legal, and organizational impli-
cations “induced” by the technology compared to existing alternatives.

To gain a better understanding of what HTA is, we first need to define the concept of health technology.
It is an umbrella category that comprises medical equipment and devices, drugs, diagnostic systems, med-
ical and surgical procedures, care pathways, and structural, organizational, and managerial assets through
which healthcare services are delivered. The World Health Organization (WHO) defines health technology
as “health technology refers to the application of organized knowledge and skills in the form of devices, med-
icines, vaccines, procedures and systems developed to solve a health problem and improve quality of lives.” In
summary, health technology encompasses practical applications of knowledge employed to promote health
and to prevent, diagnose, and cure disease.

HTA has garnered greater acceptance owing to its multidisciplinary basis. It can be applied to analyze
healthcare complexity by combining clinical and socioeconomic variables to create a shared language that
synthesizes the issues being investigated and the healthcare organization’s actors or the institutions involved
in the evaluation of alternative technologies.

Economic factors make up an integral part of the HTA model. According to Drummond et al., economic
evaluation in healthcare is “the comparative analysis of alternative courses of action in terms of both their costs
and consequences.”’® Of note is that economic evaluation in HTA is not an accounting method or a means to
cut costs but rather an analysis of technologies for their costs and benefit/utility from which information is
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extrapolated to allocate resources efficiently. Economic analysis aims to provide information for making con-
scious choices so that resources can be allocated as efhiciently and effectively as possible. This type of economic
evaluation is a core component of HTA and should be viewed in connection with clinical and social variables.

— Setting up a health technology assessment process ——

HTA can be illustrated as multiple steps of a process.

The first phase is priority setting, in which criteria are defined and applied to rationally orientate the selec-
tion of technologies to be evaluated, the chronological order, and the timeframe in which they should be
evaluated.™ 2 This step is particularly critical, given the huge pressure to conduct analysis in HTA and the
diverse healthcare needs to be factored into the analysis. The HTA process is normally activated by clinicians’
hospital managers or producers wanting to bring their products and services to market, for example, drug
firms and medical device manufacturers. The success of an HTA depends on the selection of issues relevant for
policymakers, managers, healthcare professionals, and - theoretically - all stakeholders involved (e.g., manu-
facturers, scientific associations, researchers, patients, and their associations).”* 1

Assessment, the second step, refers to evaluation proper. It is conducted via the HTA methodology: a mul-
tidisciplinary and multidimensional evaluation of a technology. It is at this point in the process that HTA
becomes a link between science and decision-making when the characteristics of health technology are exam-
ined, described, and evaluated for its safety, efficacy, social, economic, and ethical implications. The product
is a report that relates the features of a technology that holds interest for decision-makers. The evidence pro-
duced during HTA is transmitted in the third step, appraisal, which may be defined as a deliberative process for
formulating recommendations through the contextualization of the scientific evidence collected and analyzed
during techno-scientific evaluation. Recommendations are derived from the information obtained during the
assessment phase and are intended to determine whether a set of criteria has been met or not. The appraisal
process provides decision-makers with a set of recommendations on whether to adopt the new technology.™

ATA domains

A HTA will comprise the fundamental aspects of a technology, a medical device, a drug, or a healthcare path-
way. A healthcare team’s task is to design an HTA using their skills and knowledge to conduct an epidemiolog-
ical evaluation to determine the prevalence and spread of a disease; estimate the use of the technology and its
cost to a health system; describe diagnostic-therapeutic-care pathways and strategies for patient management;
evaluate the efficacy and safety of health technologies; conduct a cost-benefit analysis, a cost-utility analysis,
and sustainability analysis within the budget; plan organizational changes to accommodate the technology
and its implications for the organization/reorganization of services, access to care; funding and financing; as
well as ethical, social, and legal aspects.”®

Health problem and current use of technology

The first domain defines the health problem and the target population on which the appropriate use of the
technology is to be evaluated. The health problem is framed as a qualitative description of the disease includ-
ingits natural history (course), diagnostic methods, prognosis, epidemiology (incidence, prevalence), and risk
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factors. The actual protocols for managing the disease are described, including the technology and its alter-
natives, and the policies recommended for determining the target population. When evaluating the effec-
tiveness of new diagnostic tools or technologies for aortic pathologies, it is common to use existing standard
diagnostic methods as comparators. These standard methods are well-established and widely accepted in the
medical community, providing a baseline for comparison. The goal is to demonstrate that the new tool per-
forms at least as well as, if not better than, the established methods.

In this phase, the comparators are described. For example, established imaging techniques like CT scans,
MRIs, and echocardiography are often considered gold standards for diagnosing aortic pathologies. These
methods have been extensively studied, and their accuracy and reliability are well-documented. The new
diagnostic tool would need to demonstrate comparable or superior diagnostic accuracy.

The new technology and the current technologies are detailed and compared with what is done in other
clinical settings, other regions, or other countries. For diagnostic tools can be interesting to estimate the bur-
den of the miss diagnosis in its absence to measure hypothetical cost savings due to a new diagnostic tool
introduction." Since the analysis depicts a general scenario within which the new technology will be set, the
technologies in use are accurately described because they may be selected for replacement or joined use.

Description and technical characteristics of the technology

The second domain describes the technology or a series of technologies and its characteristics: when it was
developed and introduced, for which purposes and users, in which way, and under which conditions it is
used. Included are the material requisites for the facility, the equipment, the personnel, the eventual need for
training, and the norms regulating the use of the technology. The responses should be described in sufficient
detail to enable distinguishing the technology from its comparator.

Indeed, the choice of comparators is important since HTA is a relative type of assessment in which a com-
parison is made between new and existing technologies in current use. The choice of one comparator over
another can lead to diverse results. Comparators are normally chosen according to three criteria: current stan-
dard of care, ie., what the literature or expert opinion considers the standard most widely used in similar
contexts; the most economical alternative; and the gold standard. In addition to defining a health technology,
itis useful to define the stage of the technology’s life cycle as this, too, may influence political or organizational
decisions.

Safety

Safety refers to an undesired or harmful effect on the health of an individual caused using a health technology.
The topics cover various safety aspects for the patient, the healthcare provider, and the environment where
the device is used. An HTA report will include a safety assessment for the benefit of the patient and to inform
decision-makers. This third domain influences all other domains. Decision makers need to consider not only
a technology’s effectiveness but also the potential undesirable effects its use may have in clinical practice and
the direct and organizational costs such events will bear on from resources.

From a managerial point of view, this domain is also important. By quantifying the effects in economic
terms of adverse events, it should be possible to map the process, measure the resources absorbed, and quantify
them economically. For example, an adverse event can cause major use of hospitalization, specialist exam-
inations, and drugs, as well as staff time. If the new technology can reduce adverse events, it also influences
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the economic evaluation. Moreover, the organizational part is involved. Safety issues can be also indirect or
not caused by the technology itself but rather by its incorrect use. For instance, damage resulting from lack of
maintenance or lack of staff training on how to use the technology or the technology misapplied to a patient
segment. In such cases, the HTA report will state the training needs and the management of the technology to
render its use safer by modifying processes and protocols and raising staft knowledge and skills.

Clinical effectiveness

Effectiveness in healthcare refers to the ability of a health intervention to achieve a certain health outcome
or endpoint.!* 18It is necessary to keep in mind the distinction between theoretical efficacy and practical
efficacy (effectiveness). Theoretical efficacy is the measure in which a technology/device/drug produces a
desired effect in ideal circumstances (e.3., as stated in the protocol of a randomized controlled trial [RCT]).
Differently, practical effectiveness is a measure of whether a technology, medical device, or drug produces the
expected effect in routine clinical practice (e.3., as used by a physician in a hospital). Clinical trials, and RCTs
in particular, are considered a primary source of information and the gold standard for obtaining scientific
evidence of a causal relationship between an intervention and a health outcome. On the other hand, the fact
that the sample population in an RCT is selected according to stringent inclusion criteria and that the trial
is conducted in an ideal situation in which, for example, the patient undergoes 24-hour monitoring and the
risk of non-compliance with treatment is minimized. Hence, RCTs do not represent the population that will
receive the intervention.

Given that the objective of an HTA is to support decision-making on the use of technology in clinical
practice and given that certain clinical studies are conducted in a protected environment, it is useful to inte-
grate, the data from clinical trials with observational data from real-life contexts whenever possible. Thus, the
second perspective evaluates the effectiveness of technology within normal circumstances of clinical practice
(e.8., a hospital ward) and includes real-world factors that consider the adoption of technology in the routine
practice of healthcare providers.

Several metrics are available to assess the effectiveness of an intervention. Firstly, there are “physical” met-
rics that directly and with objective units of measure are linked to health improvements. For instance, these
may comprise years of life gained thanks to the technology, years of disability avoided, quantified reductions
in specific cases (such as occurrences of myocardial infarction), durations devoid of symptomatic manifesta-
tions, or even intermediary endpoints linked to subsequent enhancements in health status. These interme-
diary endpoints could encompass physiologically metabolic parameters such as LDL cholesterol levels, blood
pressure readings, or measurements of bone mineral density. To exemplify, in the evaluation of a therapeutic
regimen targeting hypertension, an intermediary endpoint could manifest as a discernible reduction in sys-
temic blood pressure. Similarly, when scrutinizing diagnostic technologies effectiveness can refer to test accu-
racy (such as test specificity and sensitivity).

Secondly, there are the patient-reported outcome measures reported directly by the patient through the
use of validated questionnaires. They seek to identify the health state of the patient. The following two types
of instruments exist: disease-specific and generic health state.

Disease-specific PROMs are created to measure the health status of a specific pathology. Disease-specific
scales exhibit an elevated sensitivity to variations in patients’ conditions and can offer remarkable precision in
assessing treatment-related improvements.”” Examples of disease-specific scales are the following: the Kansas
City Cardiomyopathy Questionnaire (KCCQ), the Seattle Angina Questionnaire (SAQ), the Toronto Aortic
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Stenosis Quality of Life Questionnaire (TOQOL), The Minnesota Living with Heart Failure Questionnaire
(MLHEFQ). KCCQ is a disease-specific questionnaire designed to evaluate the health status of patients with
heart failure. It assesses physical limitations, symptoms, social interactions, self-efficacy, and quality of life.
This tool is especially relevant for assessing the impact of interventions on heart failure patients’ quality of
life.* SAQ is used to assess the impact of angina on patients’ physical limitations, angina stability, and qual-
ity of life. It is particularly applicable for evaluating the effects of different interventions on patients with
angina.?! The TOQOL is a validated tool that focuses on evaluating the impact of aortic stenosis on various
aspects of a patient’s quality of life. It considers the physical, emotional, and social dimensions affected by the
condition.”? The MLHFQ is a widely used disease-specific questionnaire designed to evaluate the impact of
heart failure on a patient’s quality of life. It encompasses various dimensions of well-being, including physical
limitations, symptoms, emotional distress, and social interactions.?

Conversely, generic measures of health status have a lower ability to detect minor health. They are less sensi-
tive than disease-specific scales. However, these generic measures allow the analysis of outcomes beyond the con-
fines of a specific disease context. This kind of scale help decision-makers to compare technologies in different
clinical setting. In other words, it is complex to compare a 15% gain in the European Organization for Research
and Treatment of Cancer Quality of Life Questionnaire-Core 30 (EORTC QLQ-C30, a widely used and validated
questionnaire designed to assess the health-related quality of life in cancer patients) versus a 15% gain in TOQOL.

Generic scales are divided into preference-based and non-preference-based measures of health status.

The most used scale in non-preference-based measures of health status is Short Form Health Survey (SE-
36).* It is a validated questionnaire that assesses health-related quality of life across multiple dimensions.
While not specific to a specific pathology such as aortic pathologies, the SF-36 can provide valuable insights
into how individuals perceive their overall health and well-being, which can be relevant in various medical
contexts, including cardiovascular conditions.

The SF-36 consists of 36 questions that cover eight health-related domains:

% physical functioning;

% role limitations due to physical problems;

% bodily pain;

% general health perceptions;

% vitality;

% social functioning;

% role limitations due to emotional problems;

< mental health.

However, when aiming to capture the unique challenges and experiences associated with aortic pathologies,
it is necessary to use SF-36 together with disease-specific questionnaires (like TOQOL) which might provide
more targeted and accurate information.

The preference-based scales relate to economics research and are based on utility theory.” The same health
status can be perceived in different ways by two different individuals. It depends on several factors such as age,
sex, culture, and individual preference. For instance, individuals may exhibit a preference for immediate, or
short-term, results over more enduring outcomes that might be postponed into the future. Consequently, the
perspective of the decision-maker deems it advantageous to integrate both the qualitative and quantitative
aspects of life, thus amalgamating individual preferences for specific health states. Among preference-based
generic scales, the Quality-Adjusted Life Years (QALYs) metric is the most widely employed. Utilizing QALY
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to gauge health outcomes can encapsulate both the :'::J;::;féf vith
reduction in mortality (quantitative life gain) and Health state with
. . o 1 T new technology

the experiential aspect of the additional years of
life (qualitative gain) within a singular measure.
Central to the QALY framework is the assignment Quliyofife
of weights, symbolizing utility values, to each scale (0-1)
health state. This utility value is inherently tied to A s
the preferences associated with that health condi-
tion. Thus, the process involves two pivotal steps. .
Firstly, a validated instrument, typically in the Time (Years) 10
form of a questionnaire, is employed to enumerate ~ Figure 5.2.1 Representation of the impact of
potential health states. Examples of these include  healthcare technology (concerning the comparator)
the EuroQol-5 Dimension (EQ-5D) with both  measured using QALYs. QALYs: Quality-adjusted life
5-level (5L) and 3-level (3L) versions, the Short years.
Form 6D (SF-6D), and the Health Utilities Index
(HUI).®

The subsequent step entails associating a utility value with each health state. This value is extrapolated
through dedicated surveys conducted on a representative sample of the population, employing specialized
techniques. Consequently, once the questionnaires are completed, the duration spent in each health state is
coupled with the derived utility values, and these are aggregated over the specified time horizon. Utility values
for health states can range between 0 (dead) and 1 (perfect health). In Figure 5.2.1, an illustrative depiction is
presented, portraying the hypothetical impact of a healthcare intervention on both life expectancy (X axis)
and quality of life (Y axis). The B region identifies the cumulative gain in terms of QALYs with the interven-
tion (the use of new technology versus the comparator).

Cost and economic evaluation

The objectives of this domain are to determine the effectiveness of allocating financial resources, to inform
decision-makers about the results of cost-effectiveness analysis or the cost-utility of technology, and to eval-
uate the sustainability of economic acceptability of an intervention based on budget impact analysis (BIA).
Drummond states that economic evaluation entails the comparative analysis of alternative courses of treat-
ment in terms of their cost and health consequences.’ This domain aims to inform decision-makers about the
cost-therapeutic effectiveness of technology and to summarize available economic evidence.

The main types of economic analysis in healthcare are cost minimization analysis; cost-efficacy analysis
(CEA); cost-utility analysis (CUA); and cost-benefit analysis (CBA).% Cost minimization analysis is conducted
only when treatments are equivalent; in other words, it has been statistically demonstrated that the treat-
ments achieve the same outcome. In such cases, the costs are compared, and the least costly technology is
chosen.

Differently, a CEA compares the costs with the outcome as measured in physical units (as mentioned in
the previous domain): 1) life years gained (LYG); 2) days of disability prevented; number of events prevented;
and 3) symptom-free days. CUA incorporates health outcomes in terms of utility, wherein utility is measured
as quality-adjusted life years (QALYs). The results of a CUA are expressed as the cost per year of health or
QALY gained due to the technology according to its comparators. These two types of analysis are widely used
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in HTA.” In economic terms, they are considered constrained maximum problems. In other words, they con-
sider a situation in which the aim is to optimize a set budget. Furthermore, it is as if it were taken for granted
that one of the alternatives will be chosen. The assumption is that an action will be carried out anyway: the
decision maker assigns value to resolve a health need, while the point is to find the technology that most effi-
ciently reaches the objective.

A CBA asks whether it makes sense or not to increase the total budget. To answer the question, the analysis
compares the costs and the health benefits in monetary terms. The result is a cost-benefit report or the sum
(negative or positive) of benefits and costs that represents the net benefit (loss) of one program compared
to another. Ideally, a CBA will provide an absolute value in addition to a relative value. If a program has a
better ratio of benefits and costs, then it would make sense to deploy it. A CBA translates benefits into mon-
etary terms and can be used in other areas besides healthcare, for example, for comparing investments in
health technologies such as health education programs, transport, or the environment. CBA is seldom used in
healthcare mainly because is complex to evaluate health outcomes in monetary terms.?*

Modelling a health economic evaluation

State the research question

In decision modeling for health economic evaluation, a series of steps to create the model need to be deter-
mined as they will influence the nature of the assessment. For example, what is the target population of the
analysis? Which technologies will be compared? How far does the temporal horizon extend? From which per-
spective will the costs and benefits be reported that of the health system, the hospital, or the societal impact?

When building a decisional model, analysts choose the structure adequate for analyzing the health prob-
lem and they then identify the data to fill it. To do this, the problem needs to be described in detail. As men-
tioned above, the health problem and the objective of the evaluation need to be identified, the population
or the subpopulation defined, and then the choice between alternative actions, i.e., the technologies to be
compared. Defining the temporal horizon and the study perspective is of foremost importance.*

For example, the use of 3D in surgical practice is now widely acknowledged. Its utility spans a spectrum
of applications, ranging from the creation of anatomical models primarily aimed, at facilitating surgical plan-
ning to the production of surgical guides, at implants until patient engagement.>* It is imperative to delimit
the scope of the application of the technology to a specific realm of intervention.

Define the target population and subgroup analysis

Also important for conducting an analysis is to define the target population and the subpopulations. The target
population should be defined in terms of characteristics relevant to the final decision. For instance, geographic
area and patient characteristics, type of comorbidity, disease severity, disease prevalence, and stage. The target
population is composed of patients who have or may develop a disease chosen for analysis. To render the
model more specific, the focus should be directed to the level or the stage of disease. Thus focused, the model
will be closer to the real world and able to consider the costs and benefits specific to the situation under study.

Another step is to divide the population into subgroups® by characteristics that may influence the course
of the disease the effectiveness of interventions, or the costs in the model. Subgroups can be categorized by
age (e.g., under or over age 65 years), course of the disease (e.g., onset or not of complications), lifestyle (e.g.,
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smoker or non-smoker), and comorbidity (e.g., diabetes). All these factors can influence the impact of the
technology on the expected health outcome.

For example, in deciding on an abdominal aortic aneurysm (AAA) screening program it can be useful to
differentiate in economic analysis between women and men. The reason is the lower prevalence of AAA in
women and its development later in life. However, some aspects of the disease, like a higher chance of the
AAA rupturing, suggest that AAA might be more serious in women than in men.* Therefore, the decision
model needs to account for these kinds of differences finding different thresholds of cost-effectiveness inter-
ventions according to a subset of populations (i.e., age, sex, or comorbidities).

Moreover, socioeconomic and cultural differences also need to be taken into account. For example, screen-
ing for a certain aortic pathology type may differ in effectiveness and cost depending on the country or the tar-
get population. This is why it is important to define both the population and the geographical/administrative
setting, hospital organization, local health board, and regional or national health system and to describe in
detail the models and types of procedures. Readers will be able to compare the differences between their situa-
tion with the study setting and make changes as necessary. Target population and subgroups should be defined
before the start of a study, although sometimes differences begin to appear only after a study has begun.*

Define the alternative technologies to be evaluated

The choice of technology holds importance because economic evaluation is comparative. The cost-effectiveness
ratio of a certain technology, program, or intervention can be obtained only by comparing it with the alterna-
tives potentially used in practice. Theoretically, all the technologies for treating a disease in a target population
should be included in the research. In other words, the comparison should include all interventions relevant
to the health problem.®

In practice, the comparison is performed versus a standard of care that the technology is planned to replace.
If there is no standard of care, then a comparison is conducted versus the interventions most commonly per-
formed in clinical practice. If a comparator that is not a standard of care is chosen, then the economic eval-
uation cannot be generalized beyond the comparison at hand. Indeed, a standard of care can differ between
settings, countries, and facilities. The choice of the standard of care will also depend on the perspective and the
objective of the evaluation. Non-intervention or natural course of a disease may be considered comparators
when deemed clinically reasonable.”

Define the time horizon

The temporal horizon and its justification should be explicitly stated in the presentation of the model. The
temporal horizon should be long enough to capture relevant differences in the costs and the effects of the strat-
egies under comparison. If an intervention has life-long repercussions, then a life horizon should be set.** In
general, a horizon that comprises the entire life of a patient is to be used for interventions that may have effects
on mortality, for example, organ transplantation. It is not unusual that the new technology has a higher cost
in the first period to see a decrease in cost during a longer time horizon (see for example Russo et al.*” where the
new technology had higher costs in the first weeks, but it started to generate savings after 8 weeks).

A seminal work that compares two alternative programs for myocardial infarction coronary artery bypass
grafting (CABG) surgery and percutaneous transluminal coronary angioplasty (PTCA) is reported as an exam-
ple.’® The CABG procedure entails significantly higher costs when considering expenses solely up until the
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point of hospital discharge. Nevertheless, it is plausible that patients undergoing PTCA may subsequently
require additional interventions, including CABG. In Henderson’s study, findings show that at discharge the
cost was $ 22,711 versus $ 9138 in favor of PTCA, but at 2 years the difference was smaller, and at 6 years there
was no difference. In the examples above the choice of the time horizon is not neutral, it can change the final
decision.

A cost-effectiveness report should be calculated for different temporal horizons (e.g., 2, 5, 10 years, or
according to the disease) to create a trend for costs and benefits over time. If the temporal horizon for
deciding on a technology is beyond the available clinical data (RCTs and observational studies), informa-
tion needs to be extrapolated from other sources (published literature, historical series, clinical experience)
to extend the economic model. This is an advantageous feature of decisional analytical models since they
allow for entering data from diverse sources to make projections or simulations on horizons longer than
those of a clinical study. Such models project the results for a longer period than the data from clinical
studies using scenarios for the development of a disease and by calculating the costs and effects that could
probably occur if the study period were prolonged.”” When scenarios not based on direct evidence are cre-
ated, the assumptions and the relative uncertainties entered into the model to make the projections should
be described and justified.* The results should be distinguished between short-term effects, for which direct
evidence is available, and long-term effects based on assumptions and extrapolations gleaned from other
sources.

Moreover, the models can be used for sensitivity analysis of various parameters for which uncertainty
exists. Sensitivity analysis is conducted by examining the upper and lower bound cases of the hypothesis (dis-
cussed in the section on decisions). Sensitivity analysis should be conducted for each estimated parameter
which, if there is variation, may influence the final decision. The definition of the temporal horizon will
include temporal preferences and the use of discount rates. How then to evaluate the costs that will occur
three years from the present? They cannot be evaluated in the same way as the costs sustained in the pres-
ent. In other words, having a perfect state of health next year is less valuable than the current state of health
because being healthy today means being able to enjoy other aspects of life till next year.

This aspect needs to be taken into consideration when the economic evaluation is projected over a long
period, and particularly when the costs and the benefits are apt to change in the long term. For example,
the major costs of screening programs are incurred in the present, while the no-screening comparator incurs
costs in the future. If the temporal horizon of the screening program is cut too soon, the program may not be
cost-effective. Therefore, the choice of a clinically sensible temporal horizon holds fundamental importance.
Finally, the economic evaluation actualizes future costs and benefits using the discount rate (r), which varies
with time depending on the choices of the decision makers.?”

Decide the study’s perspective

The choice of perspective is important because it can influence further decisions about the nature of economic
valuation, the nature of costs and benefits, and the method for calculating them. The perspective should be
made explicit because a program might appear beneficial from one perspective but not from another. The
analysis distinguishes the perspective of a health care organization (e.3., local health department, county, hos-
pital) from that of a third party (e.g., national health care system, regional health care system, insurance com-
pany), that of the citizen (i.e., patient, family member, caregiver), and finally that of society at large, which
includes all of the above perspectives.
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Criteria supporting a decision A | cost wrP B
The general rule for evaluating one or more alter- " |
native programs is to compare the difference in Less effective More effective
costs and the difference in outcomes, measured in More expensive More expensive
natural units of program effectiveness or benefit, Effects
according to incremental analysis. The incremental

cost-effectiveness ratio (ICER) refers to the rela- C D,
tionship between the difference in cost of a new t::z :f;;:‘s’se More effective
technology compared to an existing alternative and N tess epenie
the difference in effectiveness of a new technology

program compared to an alternative. In short, the
ICER expresses the incremental cost of obtaining Figure 5.2.2 A-D) The cost-effectiveness plane.
an additional unit of effectiveness (e.g., an addi- Modificata da: Landi et al.**

tional year of life or 1 QALY or an additional year

of good health) (Equation 1).

ICER = Total COStnew therapy — Total COStnltemau’ve therapy (1)
Outcomenew therapy — Outcome alternative therapy

Three categories of possible outcomes of economic evaluation are distinguished:

The dominant solution in which the new technology leads to an improvement in health along with cost
savings (or at equal cost) (Figure 5.2.2D). In such cases, the analysis suggests that the new technology can be
adopted into clinical practice as a cost-saving opportunity.

Dominated solution in which the new technology leads to a decrease in the level of health and/or an
increase in costs (or at equal cost) (Figure 5.2.2A).% The analysis suggests that the new device not be adopted
into clinical practice.

In the latter case (Figure 5.2.2B, C)® the new technology leads to an improvement in health but also an
increase in costs.

Then, the cost-effectiveness assessment will involve an external parameter. In the situation shown in
the upper right quadrant, the new technology is more costly than the alternative, therefore a judgment
must be made whether the decision maker is willing to pay for an additional unit of effectiveness. The
parameter is reported in the literature as willingness to pay (WTP) by society to resolve a specific health
problem. By incorporating an external judgment, which can differ by setting (e.g., country, region, facility)
or by disease (chronic, cancer, acute). For example, the NICE has a £ 30,000 threshold and Italy has around
€ 30,000. Debate surrounds the correct threshold values and how and whether to differentiate by type of
disease.®¥

— Ethical, organizational, social, and legal aspects ——

The five main domains of the HTA Report were described in the preceding paragraphs. The following para-
graphs describe the four remaining domains of the full report: 1) ethical analysis; 2) organizational aspects; 3)
patient and social aspects; and 4) legal aspects.
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Ethical analysis

The term “ethical” is often used to describe activities for understanding and exploring the “moral life” The
term “moral” refers to beliefs, norms of behavior, principles, and rules that guide personal, professional, and
institutional behavior. Ethical analysis provides detailed knowledge of the norms and values that must be
considered when preparing the HTA report and making decisions. Moral values and norms form the basis
of social life and, as such, play a fundamental role in shaping the environment in which health technologies
are used. Ethical analysis also reflects the fact that HTA is a complex process. The evaluation of devices and
technologies should not be viewed as a purely technical process that focuses on maximizing benefits and min-
imizing costs. Instead, an HTA should also consider the person receiving the treatment and equity of access to
innovative therapies.

Organizational aspects

This domain is about how different types of resources (.g., material, skills and knowledge, financial resources)
need to be activated and organized where technology will be used, as well as the consequences that such use
may have for the organization and the health system in general. Organizational aspects include work pro-
cesses and patient flows, quality and sustainability, centralization, communication and cooperation, man-
agement structure, and acceptance. These aspects become important and necessary when the perspective of
the assessment is that of the healthcare organization owing to the demand for internal efficiency and the
guarantee of an adequate level of services.

For example, 3D printing will advance medical training for students, residents, and cardiologists by deep-
ening their understanding of complex anatomy. Anatomical models are valuable for medical education, and
integrating 3D models is expected to reshape how medical students learn. These models can also help less
experienced trainees in procedures like endovascular repair for abdominal aortic aneurysms. The direct visual
and tactile interaction enhance understanding and allows hands-on practice, filling a gap left by virtual real-
ity simulations for real-world experimentation with devices like valves. Reducing or improving the learning
curve of cardiologists can have organizational impacts.*!

Another instance that can change the organizational flow involves the application of artificial intel-
ligence (AI) in monitoring aortic aneurysms using computed tomography (CT). Al-supported radiology
is reporting potential time efficiencies. With Al assistance, the average reporting time decreased by 63%,
going from 13 minutes to 4 minutes and 46 seconds, even accounting for manual adjustments to Al mea-
surements.’ The results can lead both to economic savings and organizational change. Either aspect needs
to be evaluated.

Patient and social aspects

This domain sets the patient or the person at its center. The implications for patients may also extend well
beyond the initial adoption of a technology. Perceptions are related to feelings of hope, fear, and uncertainty.
Analysis of the social aspects of health technology may address two questions: 1) the resources (healthcare
providers, equipment, financial resources) that need to be activated before, during, and after a technology
is adopted; and 2) the experience, actions, and reactions of patients toward the disease and its treatment in a
work context, social relations, or attitude toward the person using the technology.



5.2. Health technology assessment as a managerial tool for the adoption “

For example, cardiovascular 3D printing is set to revolutionize patient education, decision-making, and
consent processes. For instance, using 3D models of heart conditions improves patient engagement and com-
munication among doctors, parents, and patients.”! These factors need to be valued and assessed.

Legal aspects

This domain concerns the rules and regulations in place to protect patient rights and the interests of society.
These aspects are part of the legislation governing patient rights, data protection, healthcare workers, and
their rights and duties. The domain may also include preventive approval processes by competent agencies.

Conclusions

introduction of new technologies into the national health system has attracted greater regulatory and
managerial scrutiny. Economic sustainability is not solely a question of more than mere resource optimiza-
tion and cost management. A healthcare system unable to take up new technologies that advance scientific
development will not be able to meet the health needs of its users nor enable healthcare providers to apply
their expertise effectively.
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and managerial scrutiny. Economic sustainability is about more than resource optimisation and cost management. A healthcare system that is unable to adopt new technologies that are at the forefront of scientific
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