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Introduction: The regulatory area is one that restricts human behaviour and opportunities, but 
it also allows the prevention of loss of property, health, or even life in various fields. Regulations 
provide the market with public confidence, which is extremely important in the field of 
innovative medical devices. The aim of this article is to analyse critical factors and economic 
methods for regulatory impact assessment in the medical device industry, to focus on the 
finances, processes, or innovation activity of organisations operating in the medical device sector.
Methods: The paper consists of a scoping review according to the PRISMA methodology of 
the available literature in Web of Science and Scopus database, whereby combing the 
keywords “regulation” AND “innovation” AND “medical device” AND “economic impact,” 
we obtained a set of 156 results in the form of English-written articles. The output was then 
limited to the period between 2011 and 2020. Finally, 23 papers were used based on the 
exclusion and inclusion criteria.
Results: The resulting challenges of the identified problems in particular are the amount of 
high-quality data available at an appropriate cost and the availability of a flexible notified 
body. There are also challenges specific to the situation, such as demands on the safety of 
medical devices for children. From a public expectations point of view, there is a continuing 
need to maintain the urgency of the balance between available innovation and safety.
Discussion: As for the methods of economic assessment in general, or methods for asses-
sing the economic impact of regulations in particular, cost-effectiveness analysis is the most 
commonly used method for research and development, while internal rate of return is 
frequently used for the producers, and budget impact analysis is typically used for healthcare 
service providers. A non-financial indicator that is often discussed is the time demands 
associated with meeting compliance requirements. The time-to-market indicator is also often 
mentioned. Economic and financial topics are not discussed in depth, as the reviewed articles 
simply mention the generally high costs attendant on complying with regulations and 
obtaining certificates.
Keywords: medical device, regulatory assessment, critical factors, economic impact, 
innovation

Introduction
Regulation can be seen as a basic tool of government to pursue economic growth and, 
especially in the field of healthcare, society’s well-being. The challenges of the con-
temporary world, such as the complexity of the system supported by foreign trade, new 
technologies, and other influences, make regulation an increasingly difficult 
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discipline.1 Regulation limits or, on the contrary, stimulates 
and pushes for some behaviour. This is one of the reasons 
why the topic of regulating economic activity is a very sen-
sitive one, with overlaps into various scientific disciplines 
and human activities, such as political economy, law, and 
environmental sciences – including engineering, urban plan-
ning, health policy services, etc. Moreover, regulation is also 
a significant sociopolitical force.2 In addition, regulation is 
such a complex issue that it meets the full extent of the term 
“regulatory science,” defined by the Food and Drug 
Administration (FDA) “the science of developing new 
tools, standards, and approaches to assess the safety, efficacy, 
quality, and performance of all FDA-regulated products”.3 

Due to the afore-mentioned complexity, the approach of 
regulatory impact analysis (RIA) has prevailed in the field 
of regulation for about 40 years. The concept of RIA, which 
is defined by International Telecommunication Union4 as “a 
systematic, structured, evidence-based analysis of the pro-
spective impacts of a proposed policy measure against pos-
sible alternatives,” is promoted not only in the USA, where it 
was established, but also, owing to the OECD and the World 
Bank, it has been implemented across both developed and 
developing economies.

While some regulations limit activity, at the same time 
they provide opportunities for pursuing new activities – in 
other words, opportunities for innovation.5 Some innova-
tions are ahead of regulations (ie technology-push innova-
tion), while others only appear after regulations are 
introduced (ie technology-pull innovation). As stated by 
Faulkner,2 technological innovation is commonly consid-
ered to be ahead of regulation, which means that regula-
tion lags behind innovation. Examples of recent 
innovations that are ahead of the regulatory framework 
are platforms offering taxi services (Uber) or accommoda-
tion (Airbnb). In contrast, regulations are often ahead of 
innovations in the automotive industry, such as the 
requirements for maximum CO2 emissions. Examples of 
push and pull schemes or models are shown in Rothwell’s 
diagram.6 Regulation also plays an important role in the 
innovative field of medical devices, and as Bonnin Roca 
and O’Sullivan7 observe, regulatory agencies in this sector 
focus on ensuring patient safety rather than promoting 
innovation. According to Johnson,8 this affects variables 
such as costs, quality, and availability in the healthcare 
system, but also financing options as shown by his obser-
vation about the venture capital outflow due to a regulation 
favouring “sure bets.”9

At present, there is a change in regulatory legislation 
on the medical devices market in EU countries. The main 
objective of the newly introduced legislative changes is to 
increase patient safety by tightening the requirements for 
a medical device to be approved for market.10 Among 
other measures, even more rigorous quality assurance is 
required to enable fast tracking of individual devices in 
case of emergency. Furthermore, the new regulations pre-
scribe setting up a specialist position open only to candi-
dates with a proven track record of experience in the field 
of medical device regulations. This role of this specialist 
will be to manage and oversee the fulfilment of all reg-
ulatory requirements.11

The medical device industry is particularly heteroge-
neous and overlaps with other fields of healthcare and 
manufacturing, as it covers a wide range of devices and 
tools intended for patient diagnostics, surgery, therapy, 
and monitoring.12 The industry is attractive for develo-
pers, producers, and investors alike because of 
a consistently high demand on the part of patients and 
healthcare providers, as well as the high profit margins for 
companies.13,14 Considering the increasing life expectancy 
and decreasing fertility rates, there is a clear trend of 
population ageing, which further increases the demand 
for healthcare in general and medical devices in particular. 
As confirmed by macroeconomic data, this situation pre-
sents challenges especially to countries with lower stan-
dards of health and education, where it is difficult to 
achieve sustained growth. At the same time, the medical 
device industry is among the most heavily regulated ones, 
and any company on the market must comply with strin-
gent laws and procedures to ensure the highest standards 
of quality and safety. There are specific regulations affect-
ing all aspects of medical device development, production, 
and marketing, including device design, manufacturing, 
testing, storage, advertising, and distribution. These gov-
ernment regulations effectively restrict competition in the 
area of medical devices.

In order to establish a regulatory framework and assess 
the impact of the regulation, it is necessary to have 
a detailed knowledge of the methods that can be used to 
evaluate the effect of the regulation and be aware of the 
indicators that will be affected by regulation change. We 
did not find any comprehensive source of information for 
the medical device industry specifically, and thus decided 
to fill this research gap.

Therefore, the aim of this article is to analyse the 
impact of regulations on the finances, processes, or 
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innovation activity of organisations operating in the med-
ical device sector. At the same time, research questions 
concerning regulation were formulated to aid in the fulfil-
ment of the main aim:

● RQ1: What methods are used to assess the economic 
impact of medical device regulation?

● RQ2: Which specific indicators are used to assess the 
impact on stakeholders in this sector?

● RQ3: What are the critical moments and processes in 
the manufacture, development, and distribution of 
medical devices?

To fulfil the set goal and answer the research questions, 
the following sections first introduce the method of data 
collection, followed by an evaluation of the outputs in 
terms of bibliometrics and content, and a summary of the 
findings and contributions of the reviewed studies. Finally, 
there is a discussion section of our results.

Theoretical Background
The European trade association for the medical technology 
industry (MedTech) states that “medical technologies can 
save lives, improve health, and contribute to sustainable 
healthcare”.15 The medical health literature states,

Medical devices are used for the diagnosis, monitoring, 
and treatment of virtually every disease or condition, and 
include familiar objects such as simple bandages to high- 
end MRI scanners 

regulated by Council Directive.16

Within the framework of economic evaluation, a wide 
range of methods is used to cover the above-mentioned 
aspects. The purpose of behind using the method deter-
mines which is the best choice.

The basic method of medical devices evaluation, which 
also contains guidelines or recommendations for economic 
evaluation, is the Health Technology Assessment (HTA) 
method. HTA evaluates the social, economic and, organisa-
tional issues of a health intervention in the following areas: 1. 
Health problem and current use of technology; 2. Description 
and technical characteristics; 3. Safety; 4. Clinical effective-
ness; 5. Costs and economic evaluation; 6. Ethical analysis; 
7. Organisational aspects; 8. Patient and social aspects; 9. 
Legal aspects.17 The outcome measure of the health eco-
nomic benefit assessment is the composite measure of 
Quality-adjusted life years (QALYs). QALY weights are 

usually estimated using the generic multi-attribute instru-
ment EQ- 5D3 (EuroQol). A comparison of the costs of the 
current and the new solution are performed so that the calcu-
lation of the incremental cost-effectiveness ratio (ICER) and 
cost-effectiveness can be ensured. Then cost-effectiveness 
analysis (CEA) with regard to the primary clinical outcome 
measure and a cost-utility analysis (CUA) are performed as 
part of HTA. For a complete HTA it is also necessary to 
evaluate under what financial and time possibilities the given 
treatment or device can get to the given market, and whether 
it is possible/necessary to try to set/change guidelines defin-
ing treatment procedures. It is also important to realise that 
one of the necessary regulatory requirements is to set up 
a quality management system. This system is reflected in 
all individual activities related to the management of design 
and development, production, management of clinical trials, 
and communication with users and physicians.

Furthermore, for some types of medical devices which 
are related to data transfer and processing on new plat-
forms, the metric of key performance indicators (KPI) is 
used. In healthcare and elsewhere, KPIs serve to monitor 
performance, collect data, analyse it, and use the resulting 
insights to optimise processes. Healthcare providers use 
KPIs to compare their performance with other providers. 
This practice enables healthcare facilities to make data- 
based decisions leading to minimising the waste of 
resources and maximising the value provided. There are 
five parameters that are considered, including a) opera-
tional metrics, b) financial metrics, c) healthcare facility, 
d) emergency department healthcare KPIs, and f) care 
quality metrics.18

Finally, the Balanced scorecard company’s perfor-
mance evaluation method is also modified for use in the 
area of healthcare. This method is used to monitor, imple-
ment, and evaluate company strategies, particularly in 
mergers and acquisitions. In the healthcare sector, this 
method must be applied carefully, since there is 
a number of stakeholders to consider.

In health care, however, the three customer functions 
are performed by three different groups. Physicians, espe-
cially primary care physicians, select (or strongly influ-
ence) the hospital or clinical practice where their patients 
will receive care; private health plans or the government 
pay the provider for the care; and patients receive the care. 
All three groups—referring physicians, payers, and 
patients—are customers of the provider organisation, and 
the strategy of the provider organisation should explicitly 
recognise and measure how it creates value for all three 
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customer types. An academic medical centre has addi-
tional customer types: interns and residents for its educa-
tional function, and academic scholars and practicing 
physicians for its research function. If five customer 
groups were not complicated enough, all hospitals also 
have responsibility for the health and well-being of resi-
dents in the communities where they operate. Suitable 
performance metrics for the diverse customers of health 
care providers are from the patient’s point of view: Index 
of Patient Outcomes: • Incidence of complications or read-
missions, • Patient Net Promoter Score. From the perspec-
tive of payers: • Price index relative to regional 
competitors, • Cost of invoice processing; from commu-
nity’s health care: Rating of hospital by community advo-
cacy groups and local government health agencies and • 
Number of collaborative community health care 
initiatives.

Finally, according to Brockis et al19 there are several 
programmes under which medical devices can be evalu-
ated, including the Technology Appraisal Programme 
(TAP), Medical Technologies Guidance (MTG), the 
Diagnostics Assessment Programme (DAP), and 
Clinical Guidelines (CG). The choice of programme is 
based on the type of device and its value proposition. 
Non-diagnostic devices fall under the TAP programme 
when a cost-effectiveness analysis is required, but under 
the MTG programme the devices have a potential to save 
cost. While potentially cost-saving diagnostic devices 
may be evaluated under the same programme, other 
diagnostic devices fall under the DAP programme. The 
different programmes utilise different evaluation meth-
ods: TAP, DAP, and CG conduct a cost-utility analysis, 
while MTG performs cost-consequence analysis. In the 
former, benefits are measured in quality-adjusted life 
years, while in the latter, the unit of measure is the 
clinical outcome.

These are examples of methods used by companies or 
medical entities (hospitals) in order to express the effec-
tiveness of new solutions, medical devices or procedures. 
The aim of the article is to address not only these 
approaches, but also an external view of the economic 
situation of companies, the effects of decisions of external 
entities establishing regulations, and also with economic 
method showing the impact on the company itself.

Methodology
For a systematic literature review, a number of available 
databases can be utilised. Scopus and Web of Science 

(WoS) are among the most respected and widely used inter-
national databases, which is why these two services were 
selected to research the available literature and process the 
relevant analyses. For a more detailed analysis of the outputs, 
specifically for building keyword clusters, the VOSviewer 
application was used. This posed a challenge in terms of 
combining the outputs from WoS and Scopus—for an exam-
ple of how to merge outputs from WoS and Scopus, see 
Echchakoui.20 Further details on the individual steps of pre-
paring the bibliometric analysis are listed below. The con-
tribution of possible relevant publications outside of WoS or 
Scopus is covered in chapter 4, which is devoted to 
discussion.

When searching in the WoS and Scopus databases, the 
following procedure was followed with respect to the aim 
of the article and in keeping with the basic elements of the 
PRISMA guidelines:21

● Step 1. In the first step, the following search para-
meters were set: results in the category “article, book, 
review, book chapter, conference paper,” written in 
English, without time limitations, with the keywords 
“regulation” AND “innovation” AND “medical 
device” AND “economic impact.” The filter for 
where to look for these keywords was set to “All 
fields.” The results obtained in this step were used for 
a bibliometric analysis, including a cluster analysis 
performed using the VOSviewer program.

● Step 2. In the second step, the selection parameters 
were narrowed down to a period of the last 10 
calendar years, ie, between the years 2011 and 
2020. The purpose of this time limitation was to 
consider the most recent and current approaches in 
the field. Included in the results were also outputs 
other than just literature reviews (eg analyses of 
government reports, professional reports, and 
guidelines) and outputs primarily focused on 
a medical problem, that is, outputs where the eco-
nomic aspect was not the key finding obtained 
through the review. In this step, a PRISMA- 
compliant procedure was utilised, and based on 
article abstract screening, the least thematically 
relevant articles were excluded. The exclusion cri-
teria were as follows: no or insufficient economic 
background (no economic variables or no method 
of assessing economic impacts of regulation), 
purely medical focus, and purely technical or pro-
cedural focus, including a simple description of the 
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regulatory environment. Finally, non-medical 
sources investigating a topic unrelated to medical 
device regulation were excluded as well. The 
remaining results were subjected to a qualitative 
analysis, where articles were excluded due to 
their unavailability, or a detailed review eventually 
revealed they should be excluded for the same 
reasons as those stated at the beginning of the 
PRISMA procedure. The decision to include or 
exclude articles in the identification and screening 
steps was made by two researchers independently 
according to predefined inclusion or exclusion cri-
teria. Articles that were not in the joint intersection 
were discussed, and then either finally included or 
excluded.

In the Scopus and Web of Science (WoS) databases, 
entering the parameters from the first step returned 156 
matching results in the Scopus database and, perhaps 
a little surprisingly, no outputs in WoS. Not wishing to 
neglect the added value of WoS, we tried deleting the 
keyword “economic impact” and repeated the first step. 
In this case, a reasonable output of 67 results in the WoS 
database was obtained for subsequent analysis, but the 
output in Scopus increased to about 4400 items. Such 
a high number can be hardly analysed in a systematic 
literature review. Yet, combining the results from Scopus 
with results from WoS based on a different number of 
keywords did not appear methodologically correct. 
Therefore, we decided to perform a bibliometric analysis 
(see step 1 above), including a procedure according to the 
PRISMA guidelines (see step 2), using the Scopus output 
only. The WoS output was analysed according to 
the second step only, and the results are described sepa-
rately in sections 3.2 and 3.3, respectively. The final date 
on which the database outputs were retrieved was 
May 2021.

As mentioned in the previous paragraph, a total of 156 
outputs were found in the first step. The time constraint of 
step 2 (that is, the narrowing to the last 10 calendar years) 
reduced 156 outputs to 129. Following the individual steps 
according to PRISMA, these 129 outputs were reduced to 
45 and then to 36 outputs to be used for a qualitative 
analysis, out of which 23 outputs were eventually included 
in this review (see Figure 1, depicting the PRISMA 
diagram).

The following chapter 3 presents the results of the 
work based on steps 1 and 2.

Search Results on Regulation, 
Innovation, Economic Impact, and 
Medical Device
Chapter 3 presents the main results of this article. The 
first part, Chapter 3.1, presents bibliometric results 
derived from the output described in the methodology 
as Step 1. Chapter 3.2 contains qualitative results 
focused on market regulation, innovation, economic 
impact assessment, and variables in the field of medical 
devices. It is based on a sample that was obtained 
according to the criteria described in the methodology 
as Step 2. Chapter 3.3 complements Chapter 3.2 with 
resources focused on critical moments and processes in 
the manufacture, development, and distribution of med-
ical devices. These results are collected from the Web of 
Science database (WoS), which have not been included 
in previous chapters. Although WoS documents did not 
fall into the filter according to steps 1 and 2 described in 
the methodology, we included them to minimise the error 
in the form of missing information. Finally, Chapter 3.4 
provides a synthesis of the findings contained in 
Chapters 3.2 and 3.3.

Bibliometric Analysis
In the first step, a total of 156 outputs were found, falling into 
the categories of articles (57), books (41), reviews (41), book 
chapters (12), and conference papers (5). After narrowing 
the search parameters to the last 10 complete calendar years 
(ie 2011–2020) in the second step, the number of outputs for 
a more detailed analysis dropped to 129. This shows that 
a significant shortening of the time period (a period between 
1981 and 2021 in step 1 vs a period between 2010 and 2020 
in step 2) led to only about a one-fifth decrease in outputs (20 
outputs for 1981–2010 and 7 outputs for 2021).

Figure 2 illustrates a trend that becomes apparent when 
narrowing the search criteria to a shorter period—20 years 
in this case, since the years before 2002 are largely under-
represented. The figure makes it apparent that a significant 
accumulation of outputs occurs in the most recent years. 
Apart from objective facts and trends in academic publish-
ing as such, an initial look at the list of results does not 
reveal any apparent explanation for the fluctuation. The 
only exception is that in 2020, the issue of coronavirus 
plays a minor role.

As for the field of study, most of the outputs from step 
1 were categorised in the field of “medicine” (23.3%), 
followed by “social sciences” (14.3%), and “business, 
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management, and accounting” (10.2%). Next, with 
a representation ranging between 7.9% and 6.4%, were 
the fields of “engineering,” “pharmacology, toxicology, 
and pharmacies,” “biochemistry, genetics, and molecular 
biology,” and “economics, econometrics, and finance.”

The last task involving the outputs from step 1 is 
a cluster analysis of keywords performed in the 
VOSviewer program. The value of the minimum co- 
occurrence of keywords was set to 6, which resulted in 
a map of 38 words (see the upper left corner in Figure 3). 
Quite surprisingly, the words “innovation” and “eco-
nomic impact” did not appear among the keywords with 

the strongest links, although they were part of the search 
filter. For the keywords “regulation” and “medical 
device,” the most frequent co-occurrences are presented 
in Figure 3 in the upper right corner and in the lower 
right corner, respectively. Instead of “economic impact,” 
the keyword “economics” is highlighted to represent 
economic contexts (see the lower left corner in 
Figure 3). The most frequent co-occurrences were 
found with the keywords human or humans (55 and 35 
occurrences, respectively), article (26), review (26), 
priority journal (23), economics (15), medical devices 
(12), Europe (11), healthcare policy (11), healthcare 

Results identified from: 129
Databases (n = 129)
Registers (n = 0)

Results removed before 
screening: 0
Duplicate results removed 
(n = 0)
Results marked as ineligible by 
automation tools (n = 0)
Results removed for other 
reasons (n = 0)

Results screened
(n = 129)

Results excluded
(n = 86)

Results sought for retrieval
(n = 45)

Results not retrieved
(n = 9)

Results assessed for eligibility
(n = 36)

Results excluded: 13*
Reason 1 (n = 3)
Reason 2 (n = 5)
Reason 3 (n = 5)

Studies included in review
(n = 23)

Id
en

tif
ic

at
io

n
S

cr
ee

ni
ng

In
cl

ud
ed

Figure 1 PRISMA 2020 flow diagram of outputs obtained in step 2. 
Notes: PRISMA figure adapted from Page MJ, McKenzie JE, Bossuyt PM et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. 
2021;372:n71. Creative Commons.22 *Results excluded following screening (reasons): 1) Focused on processes and their relation to regulation (influence of non-financial, 
non-medical variables). 2) Focused on regulation as such; methods for evaluating regulation are lacking. 3) Economic circumstances described only very superficially (eg 
financial data are missing); focused on the medical aspect. Necessary economic context in the form of costs, benefits, and financial impact as well as methods for an 
economic evaluation of the research problem are missing (missing numbers, data, methods). Regarding the work with articles classified as review, such articles were included, 
provided that the area of review concerned a medical problem, ie, the economic issue was not the primary topic but economic issues were desirably represented in the 
review.
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Figure 2 Number of publications according to the filter from step 1 for the last 20 years.

All keywords Regulation

Economics Medical devices

Figure 3 Cluster analysis of keywords in step 1 (all, regulation, cost-effectiveness analysis, economy).
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cost (11), and healthcare delivery (10). The word regula-
tion occurs in two variations, as “regulation” (6 occur-
rences) and “government regulation” (7 occurrences). 
The keyword innovation does not appear in Figure 3 at 
all because its occurrence value was only 3. The topic of 
innovation is probably so obvious for this area of pub-
lications that it is rarely explicitly included in the list of 
keywords.

In terms of clusters, the VOSviewer analytical tool cate-
gorised the keywords into 4 non-overlapping clusters, each 
including between 13 and 6 items (see Table 1; clusters are 
also recognisable by colour coding in Figure 3). The words 
“regulation” or “economics,” together with “medical 
device” as the main subject of research, can be found in 
Cluster 3, which has a total of 7 items. The same cluster also 
includes biomedical equipment, healthcare, procedures, and 
standards (the blue colour in Figure 3).

Having described the bibliometric analysis of results 
obtained in step 1, the following sections describe the 
procedures involved in step 2, followed by conclusions 
derived from a qualitative analysis of selected articles in 
keeping with the PRISMA procedure.

Market Regulation, Innovation, Economic 
Impact Assessment, and Variables in the 
Field of Medical Devices
In this section, a qualitative analysis is performed on 
selected outputs obtained using the PRISMA methodology, 
which best fulfils the aim of this article. Let us remember 
that excluded from the selection were purely medical 
sources or, on the contrary, non-medical sources covering 
a topic unrelated to medical device regulation. Following the 
individual steps according to PRISMA, the initial 129 out-
puts were reduced to 45 and then to 36 outputs to be used for 
a qualitative analysis, out of which 23 outputs were 

eventually included in this review (see Figure 1 above in 
methodology, depicting the PRISMA diagram).

The following table (Table 2) presents the remaining 
23 publications that bear the highest relevance to the aim 
of this article (ie they are closely related to market regula-
tion, innovation, medical devices, and economic impact, 
and at the same time they provide answers to the above- 
formulated research questions). The column in Table 2 
titled “Article context” characterises the focus of the 
reviewed article. With respect to our research questions, 
the most relevant columns are “Economic evaluation 
method mentioned or used” and “Economic variable 
considered.”

Table 2 offers several major findings. According to 
a classification given by Guerra-Bretaña and Flórez- 
Rendón,23 most of the 23 outputs under consideration 
would fall into Category II, ie health technology assess-
ment (HTA). This group includes 10 outputs. Category III 
(ie innovation, process analysis, including financing, 
patenting, and clinical evaluation) includes 7 outputs. 
Finally, Category I (ie legal and ethical aspects, interna-
tional harmonisation) includes 6 outputs.

Among the economic methods of assessing regulation 
impact and overcoming regulatory barriers, cost- 
effectiveness analysis is clearly the most common one. 
As for business indicators, it is worth mentioning return 
on investment (ROI), net present value (NPV), and inter-
nal rate of return (IRR) on the part of the manufacturer and 
budget-impact analysis or cost-minimisation on the part of 
the purchaser. By far the most frequently considered vari-
able when evaluating the impacts of regulations or over-
coming obstacles posed by them, “costs” are mentioned in 
various forms (compliance, direct, indirect, etc.). Other 
variables include, for example, “price” or “tax,” specifi-
cally excise duty.

Table 1 Clusters of Keywords in WoS

Cluster 1 = healthcare 
(13 items)

Adult, breast cancer, cost-effectiveness analysis, delivery of healthcare, drug industry, Europe, European Union, 

healthcare access, healthcare delivery, healthcare policy, healthcare quality, health policy, reimbursement

Cluster 2 = safety 
(12 items)

Article, device safety, female, Food and Drug Administration, government regulation, healthcare cost, human, 

humans, patient safety, practice guideline, risk assessment, United States

Cluster 3 = medical device 
(7 items)

Biomedical equipment, economics, healthcare, medical devices, procedures, regulation, standards

Cluster 4 = public health 
(6 items)

Healthcare personnel, legal aspect, nonhuman, priority journal, public health, review

Note: See Cluster 1 – red, Cluster 2 – green, Cluster 3 – blue, and Cluster 4 – yellow colour in Figure 3.
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Table 2 Step 2 – Medical Device, Regulation, and Innovation – Economic Context

Author(s) Paper 
Category*

Article Context Economic Evaluation Method 
Mentioned or Used

Economic Variable 
Considered

Citations 
(Scopus) 

**

Laslett 

et al74

II The authors discuss direct and 

indirect medical costs of 
cardiovascular disease and potential 

costs of disease prevention.

The authors work indirectly with 

cost-minimisation and cost- 
effectiveness analyses.

Indirect medical costs 412

Dunn 

et al75

II The article is dedicated to 

wearables and their potential role 

in reducing medical costs.

The authors work indirectly with 

cost-minimisation and cost- 
effectiveness analyses.

Costs 71

Becker 
et al76

II The article deals with genetic 
testing and common disorders 

from a healthcare perspective. New 

possibilities for genetic testing 
confront healthcare workers with 

the question of whom to test and 

which test to use.

The authors work with traditional 
assessment methods: cost- 
benefit, cost-minimisation, 
cost-effectiveness, and cost- 
utility. (Note: The incorrect use of 

these terms in other medical 

studies is pointed out.)

Direct and indirect 
costs

61

Herder77 III The article is focused on orphan 

diseases. A new approach to rare, 
orphan diseases is needed.

The authors use cost- 
effectiveness analysis; from the 
manufacturer point of view, 

internal rate of return (IRR) is 
considered.

Costs of clinical trials 

subsidised through tax 
credits

21

Pirnay 

et al78

II The rationale and elaboration 

process of the recent EU HCT/P 
regulatory framework (EUCTDs 

and ATMP Regulation) are analysed.

Cost-effectiveness analysis is 

mentioned as a tool for evaluation 
when comparing two similar 

treatments.

Compliance costs 
(which are also 
reflected in the 

product price) as 

a consequence of 
regulation

20

Gelijns 
et al28

III The article assesses left ventricular 
assist devices for destination 

therapy. The authors point out that 

the results of the Cost- 
effectiveness analysis in the pivotal 

trial may differ significantly from 

later results.

Cost-effectiveness analysis is 
used. (The cost-effectiveness ratio 

of left ventricular assist devices for 

destination therapy, for example, 
decreased within a relatively short 

time from around $600,000 to 

around $100,000 per life year saved 
based on results from a pivotal 

trial.)

Costs 15

Hull & 

Pasquale79

III The article emphasises the issue of 

wellness as a potential prevention 

of diseases.

Wellness is considered to help 

bring a positive return on 
investment (ROI) for both 
employers and employees. 

Numerous studies undermine ROI 

to be positive in relation to 
healthcare costs.

Costs 14

(Continued)
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Table 2 (Continued). 

Author(s) Paper 
Category*

Article Context Economic Evaluation Method 
Mentioned or Used

Economic Variable 
Considered

Citations 
(Scopus) 

**

Hall et al80 II The study makes a case for 
diagnostic tests of acute kidney 

injury: test-directed care is 

compared with standard care.

The authors use cost- 
effectiveness analysis. (The 

study finds that the incremental 

cost-effectiveness ratios ranged 
from £11,476 to £19,324 per 

quality-adjusted life-year, with 

a probability of cost-effectiveness 
between 48% and 54%.)

Costs 9

Kazzazi 
et al81

I The study deals with BREXIT and 
scenarios of possible development 

of the pharmaceutical industry 

regulation in relation to the EU.

Rather than applying an elaborate 
method of assessing economic 

impacts, the paper lists a number of 

possible losses for the 
pharmaceutical industry according 

to selected scenarios.

Costs, administrative 
costs, and custom taxes

9

Chan et al82 II This diabetes study works 

extensively with healthcare costs as 

well as societal costs associated 
with the disease.

The authors apply cost- 
effectiveness analysis. (With the 

expiry of patents, costs of widely 
used therapies decrease, and thus 

cost-effectiveness increases.)

Costs (direct, indirect, 

out-of-pocket) and 

spending per capita

7

Vallespin 

et al34

II The study argues that a lack of clear 

rules or guidelines for mHealth 

regulation produces uncertainty in 
the industry and decreases 

confidence of healthcare 

professionals.

Cost-effectiveness analysis is 
mentioned as an evaluation tool 

that can be adopted for mHealth.

Costs (savings) 7

Blüher 

et al31

I The study provides an overview of 

the health-economic aspect in 
current European HTA guidelines 

concerning medical devices and 

identifies issues raised and potential 
improvements proposed in recent 

literature.

The authors consider cost- 
effectiveness analysis, cost- 
utility analysis, cost-benefit, 
cost-minimisation, budget- 
impact analysis, and 
discounting.

Costs (direct, indirect, 

societal), discount rate, 
and price (dynamic 

pricing)

6

Markiewicz 

et al30

III The study explores whether and 

how Dutch manufacturers perform 

an early assessment of medical 
devices through semi-structured 

interviews with key informants 

from medical device companies.

The authors provide a financial 

analysis; considering, from the 

company perspective, price 
determination, net present 
value (NPV), and return on 
investment (ROI), and from the 
buyer perspective, budget impact 
analysis and ROI.

Costs, price, and 

societal value

4

(Continued)
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Table 2 (Continued). 

Author(s) Paper 
Category*

Article Context Economic Evaluation Method 
Mentioned or Used

Economic Variable 
Considered

Citations 
(Scopus) 

**

Plun- 
Favreau 

et al27

II The article considers the 
perspectives of different 

stakeholders on the provision of 

a research-enabled, patient-focused 
molecular diagnostics platform that 

supports optimal patient care.

The authors consider cost- 
effectiveness analysis and costs- 
saving.

Spending, costs, and 
savings

3

Heidt 

et al26

II The article summarises current 

research describing the use of 

point-of-care diagnostics in 
resource-limited settings and 

potential bottlenecks along the 

value chain that prevent their 
widespread application.

The authors consider cost- 
effectiveness analysis.

Costs and price 2

Dabbous 
et al83

I The study describes the current 
landscape of managed entry 

agreements in Europe and analyses 

the main obstacles they face in 
implementation, providing a policy 

perspective.

The authors consider cost- 
effectiveness. (Currently, novel, 

costly technologies with high 

uncertainties about their real-life 
value to patients typically fail the 

traditional effectiveness and cost- 

effectiveness assessments.)

Costs (cost- 
containment, caps) and 

pricing

2

Singh et al35 I The study examines aspects of 

governmental influence on 
innovation by analysing the impact 

of the Obamacare excise tax on the 

medical device industry.

The authors conduct 

a quantitative analysis. (The 
relationship between product 

counts and revenues and excise 

duty in relation to innovation 
activity are considered.)

Excise tax and revenues 2

Gruska 
et al24

III The article aims to provoke 
a critical discussion of the digital 

change in cardiology and to make 

recommendations for the 
implementation of those 

telemedical processes that have 

been shown to exert positive 
effects on a wide variety of medical 

and economic parameters.

The authors consider cost- 
effectiveness, cost-benefit 
ratio, and costs reduction. (The 

total costs for patient care were 
reduced by 10–55% with remote 

monitoring.)

Costs 1

Wright 

et al25

II The study illustrates the 

importance and quantifies the 

impact of varying marginal costs 
and benefits on the value of 

implementation for a case study in 

precision medicine.

The authors consider a decision 
analytic model based on cost- 
effectiveness analysis.

Marginal costs and 

benefits

1

(Continued)
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A more specific in-depth, but still synthesised view of 
the individual sources listed in Table 2 is provided in the 
following paragraphs.

Where the reviewed articles employ any methods of 
assessing the impact of regulations or meeting the condi-
tions of regulations, especially in the case of HTA, it is 
usually the method of cost-effectiveness, the approach of 
cost per patient, or methods of cost-saving—eg Gruska 
et al.24 Wright et al.25 Heidt et al26 and Plun-Favreau 
et al.27 On the other hand, Gelijns et al28 emphasise that 
it is important to consider the specificity of pharmaceuti-
cals and medical devices when using the cost-effectiveness 
method. It is not uncommon that shortly after the intro-
duction of a medical devices, additional adjustments are 
made due to the “learning-by-using” effect. This means 
that the cost-effectiveness value subsequently changes and 
may differ significantly from initial assumptions.

As for the methods of assessing regulation impact, it is 
not uncommon for authors to work with a mere qualified 
estimate. To name but one, Miesler et al29 consider the 

introduction of EU Regulation 2017/746 on the example of 
point-of-care tests (POTC), assuming that on one hand, 
stringent regulation may lead to higher performance and 
safety outcomes and thus increased rate of reputation and 
scope of application; on the other hand, such regulation 
might be challenging for some especially small companies.

Markiewicz, Van Til, and IJzerman30 offer a detailed 
insight into the thought process of manufacturers when 
developing a medical device, specifically in the stage of 
early assessment, through results derived from semi- 
structured interviews. The interviewed companies performed 
extensive economic evaluations from the perspectives of 
both the producer and the customer. On the part of the 
producer, the methods utilised are price determination, net 
present value, and return on investment; on the part of the 
purchaser, the common approaches are budget impact analy-
sis and return on investment.

An important variable for assessing economic impacts 
is the discount rate. As to its amount when converting 
costs to the same point in time (ie using net present 

Table 2 (Continued). 

Author(s) Paper 
Category*

Article Context Economic Evaluation Method 
Mentioned or Used

Economic Variable 
Considered

Citations 
(Scopus) 

**

Orubu 
et al84

I The article describes key barriers 
to quality medicines and presents 

five selected approaches leveraging 

the scale-up of universal Health 
Coverage (UHC) for medicine 

quality assurance.

The authors consider cost- 
effectiveness. (Detection of 

falsified products was found to be 

cost-effective for any of the six 
selected portable or field-use 

technologies with unit purchase 

costs of $3–1400.)

Costs (cost-saving)

Miesler 

et al29

III The study focuses on the concept 

of frugal innovation in general and 
specifically in the field of diagnostics 

(point-of-care tests).

The authors consider cost- 
effectiveness, cost- 
performance ratio, value- 
based reimbursement, and 

qualified estimate.

Costs and price 1

Scanell & 

Cormican32

III The paper investigates the impact 

of the medical device regulatory 
framework on the academic spinoff 

formation process.

NA Costs (considered as 

being the greatest 
barrier to spinoff 

formation)

0

Bollka36 I The article attempts to shed light 

on the medical device excise tax by 

examining its history, its 
technicalities, and the political 

arguments on both sides in depth.

NA Costs, employment, 

R&D spending, excise 
tax, and tax shift

0

Notes: *Classification in the sense of Guerra-Bretaña & Flórez-Rendón,23 ie Category I (legal and ethical aspects, international harmonisation), Category II (HTA), and 
Category III (innovation process analysis, including financing, patenting, and clinical evaluation). **As of 2021-03-31. Bold text highlights the methods and economic variables 
used in the given literary sources.
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value), Blüher et al31 suggest a number between 3% and 
5% in their critical literature review.

Considering the process of overcoming regulatory lim-
itations, Scannell and Cormican32 use the example of aca-
demic spinoffs in the field of medical devices and 
conclude that, unlike other commercialisation activities, 
these spinoffs lag behind, which is why they recommend 
adding an expert on the issue of regulations to the team 
more promptly. On the other hand, these authors also 
present costs as the main identified barrier, which may 
be one of the reasons why the regulatory expert is not 
invited to the team earlier (see other results presented by 
the same paper).

From the point of view of basic economic variables 
(eg price and costs), Jogova, Shaw, and Jamieson33 high-
light the disparity between the willingness to pay for an 
mHealth medical device and the cost of overcoming 
regulatory constraints. The willingness to pay for an 
mHealth application is relatively low, while the cost of 
complying with regulations is high. At the same time, 
these authors point out the significant differences 
between traditional medical devices and software appli-
cations. In conclusion, the authors propose that a clear 
regulatory framework may reduce market entry barriers, 
foster innovation, and facilitate exportation. On the same 
topic, Vallespin, Cormet, and Kotzeva34 discuss that 
mHealth has a significant cost-saving potential for 
healthcare (especially wellness and prevention, and treat-
ment and monitoring), but the potential cannot yet be 
realised due to a lack of regulations, or rather, the exist-
ing conventional regulations are costly and incompatible 
with the nature of mHealth. According to the same 
authors, regulation through certification (proof of the 
benefits of mHealth), standardisation, and interoperabil-
ity will help increase the confidence of patients as well as 
healthcare professionals, thereby opening new market 
opportunities.

As for other economic variables, Singh, Russ, and 
Terzidis35 use quantitative analysis to examine the influ-
ence of excise tax applicable to medical devices (ie a tax 
levied in 2013 in the USA as part of Obamacare) on the 
innovation performance. Bolka36 works with the same 
variable and makes a general estimate of the economic 
impacts of this tax; for example, in the need to reduce 
producer costs through job cuts, moving jobs abroad, or 
downsizing research and development activities. The pos-
sibility of the excise tax being carried by the purchaser 
rather than the manufacturer is also mentioned.

An important element in reducing regulatory costs is 
assessment by equivalence, ie assessing a new medical 
device based on data of an already existing equivalent 
device. White and Walters37 point out possible problems 
caused by the equivalence approach and conclude that the 
US FDA seems to systematically promote innovation 
rather than adhering to maximum safety. The authors 
believe that this support for innovation should be counter-
balanced by post-market mechanisms to safeguard against 
residual and developmental risks.

Critical Moments and Processes in the 
Manufacture, Development, and 
Distribution of Medical Devices
This section discusses thematically related outputs from 
the WoS database, which complement the conclusions 
made on the basis of the systematic literature review 
above. Unlike when searching the Scopus database, the 
keyword “economic impact” was omitted in WoS, while 
the other search parameters remained identical. As stated 
above in the methodology section, due to the omission of 
one keyword, WoS outputs are presented separately. Using 
the same steps as when searching the Scopus database, 67 
outputs were identified, out of which 24 of the most 
relevant ones were selected. The findings of these articles 
concerning regulation, innovation, medical devices, and 
selected economic manifestations are described below.

One thing the WoS articles reveal is the time period of 
product launch versus regulatory issues and their eco-
nomic manifestations. When it comes to new medical 
devices, Howard38 states that although stricter regulatory 
requirements may cause delays in market introduction, 
ultimately, avoiding malfunctioning devices will eliminate 
the risk of eroding public confidence and the consequent 
financial and reputational problems for the companies of 
medical device developers. In addition, Richards and 
Hudson39 point out not only the extensive time demands 
on new product development, but also the increasing pres-
sure faced by the regulatory bodies and government in 
recent years – the public demands a fast and easy imple-
mentation of product innovations, but it does not consider 
the risk of the product not working correctly. The public 
also controls and criticises more; patients are more 
informed, for example, owing to online searches and 
patient group forums. The solution to shortening time-to- 
market, and subsequently reducing development costs, 
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could be a dedicated public institution to provide consulta-
tions on a timely overcoming of regulatory barriers.

Furthermore, it can be observed that outputs focused 
on regulation associated with the development and imple-
mentation of innovative medical devices tend to consider 
the impact on all stakeholders (most often patients, man-
ufacturers, practitioners, and others). In the case of devel-
opers, however, specific economic impacts and regulatory 
aspects are mentioned only in passing and are discussed in 
general terms as costs and implementation barriers (such 
as long device development time, high development costs, 
and regulatory considerations – see Bowsher et al.40 De 
Maria et al41). Some articles, such as Faulkner2, simply 
communicate the finding of a European Commission sur-
vey that “Regulatory costs were prohibitive for some 
companies.”

As in the Scopus articles, cost-effectiveness analysis is 
a commonly used method of economic assessment in the 
WoS articles. Specifically, Boudard et al42 deal with the 
quality of clinical studies, including clinical trials and 
cost-effectiveness studies. The authors screened and clas-
sified 217 studies according to the Sackett 5-level evidence 
scale. Only a few among the reviewed studies provided 
high-quality clinical evidence. Hence, methodological 
quality did not correlate with the risk level of the medical 
device.

Dr. Michael Dunbar, quoted in Howard,38 considers the 
shift of decision-making from the surgeon to the adminis-
trator to be beneficial. Sauerland et al43 note the issue of 
a “pioneering” medical device and its followers on the 
market. Derivative devices tend to be cheaper for the 
purchaser as their manufacturers do not expend as high 
development costs as the developer of the pioneering 
device, nor do they need to submit the same amount of 
clinical data; however, subsequent devices tend to have 
difficulties with demonstrating product safety (p. 281). In 
financial terms, Lennox44 uses an example from the 2005 
US market, where the assessment of a new device through 
a pre-market approval submission cost the Center for 
Devices and Radiological Health at the FDA approxi-
mately $870,000, while the assessment of a new device 
through a 510(k) submission based on equivalency with an 
already approved device cost only about $18,200. 
Lennox44 also adds that while the time required for the 
pre-market approval review process in 2011 was around 
15 months, with the 510(k) submission, it was around 150 
days (ie 5 months). This approach therefore saves both 
money and time.

Furthermore, based on Gardner45 and Altenstetter,46 

geographical differences can be observed between the 
USA and Europe in the definition of the term “efficacy.” 
Geographical differences are also considered in 
a comparative study by De Maria et al41 who compare 
Africa and the EU. The authors note that the European 
regulatory framework is stricter, but they also consider the 
benefits of common regulatory requirements shared across 
regions, such as reducing the device development costs 
associated with regulatory compliance. Kale47 analyses the 
situation in India and demonstrates the disadvantages of 
a poorly regulated medical device market. Due to the lack 
of collective action (ie insufficient regulation), there is 
a high risk of a poor choice when purchasing locally 
manufactured medical devices, and therefore foreign 
devices are imported. Imported devices are, however, up 
to 50% more expensive than their domestic equivalents. 
Kale47 argues that foreign-owned multinational corpora-
tions thus effectively operate under a monopoly rent. In 
addition, in some segments of medicine, India is about 
90% dependent on imports. Insufficient regulation not 
only makes India dependent on expensive imports but 
also has a negative impact on the development of local 
technological capacities.

The thematic focus of the reviewed articles makes it 
obvious that there has been an appearance in the last few 
years of smart technology devices (eg wearables) in 
research publications relating to the economic impacts of 
regulation – see the terms “mHealth”, standing for mobile 
health, in Munos et al48 and in Onodera and Sengoku,49 or 
simply “wearable sensor” in Ravizza et al.50 As a specific 
impact on the healthcare sector, Munos et al48 state that 
the benefits of involving wearables in drug development is 
expected to save about 80% of the cost of data collection. 
Ravizza et al50 make a general statement that wearable 
sensors are expected to reduce healthcare costs. On the 
other hand, as Munos et al48 state, mobile health devel-
opers have to deal not only with the FDA (Food and Drug 
Administration, specifically its Center for Devices and 
Radiological Health) but also with the FCC (Federal 
Communications Commission). It follows that mHealth 
devices can expect higher compliance costs. Onodera and 
Sengoku49 observe that there is a significant mismatch 
between the number of mHealth applications and the evi-
dence of their benefits. This can reduce the credibility of 
applications and hinder the overall market develop-
ment (p. 69).
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Drukker, Noble, and Papageorghiou51 focus on the 
involvement of artificial intelligence (AI) in medicine, 
specifically in medical image analysis for repetitive ultra-
sound tasks. The authors mention the increase in AI solu-
tions submitted to regulators, but they also observe that 
there is a lack of publicly available data verifying the 
results, and thus a lack of data on the potential economic 
impacts. Kesavan and Dy52 summarise progress in health-
care reforms that address price transparency or device 
approval through market approval regulations, post- 
market surveillance, or comparative effectiveness research. 
Challenges faced by the industry, physicians, and patients 
as a result of the reforms are also discussed. Ibrahim et al53 

discuss the difficulties of developing medical devices for 
children, including considerations of the return on invest-
ment indicator. The authors believe that the market of 
medical devices for children does not allow for returns to 
scale, which is a shortcoming that undermines potential 
innovation efforts. In conclusion, the authors identify an 
opportunity for reducing R&D costs, and thus reaching 
a more favourable ROI and decreasing the need for returns 
to scale in the use of computational modeling and simula-
tion. Onur and Söderberg54 analyse changes in regulatory 
review time (often considered as synonymous to higher 
compliance costs) in relation to the choice of companies to 
opt for a radical or an incremental innovation. Based on 
FDA data on US high-risk medical device industry, these 
authors demonstrate a greater sensitivity of companies to 
changes in their application review time in the case of 
incremental innovations when compared to radical innova-
tions. Grennan and Town55 refer to the example of cor-
onary stents when comparing the US and EU regulatory 
frameworks in terms of pre-market testing and post-market 
observational studies, and the effects of this legislature on 
public welfare. The authors work with an economic model 
that seeks to measure the total surplus. They55 conclude 
that, for coronary stents, the USA come close to the 
optimal policy in terms of achieving a balance between 
testing and access to innovation, while the EU is too lax. 
The authors also believe that their approach is applicable 
to other Class III medical devices.

Finally, Maresova et al5 in relation to the new medical 
device regulation EU 2017/745 (MDR), point out that 
innovations in the field of medical devices are mostly 
driven by small and medium-sized enterprises (SMEs). 
At the same time, it is SMEs rather than large companies 
that are vulnerable to changes in device development 
regulation due to the limited possibilities of co-financing 

additional administrative costs. Letourneur et al56 and 
Vasiljeva et al57 also comment on the effectiveness of the 
new EU regulation on medical devices. Vasiljeva et al57 

draw attention to the increasing strictness of the regulatory 
framework, represented by the new MDR legislation, in 
the field of medical devices on the common EU market. 
The authors point out that while the new regulatory mea-
sures further increase patient safety, on the other hand, 
they are becoming a considerable barrier to innovation 
and may ultimately reduce patient benefits. In terms of 
economic impact, Vasiljeva et al57 note that there is no 
certainty as to the change in compliance costs resulting 
from the MDR legislation. Letourner et al56 perform 
a SWOT analysis and conclude, among other findings, 
that the tightening regulatory demands are resource- 
intensive (eg the increased time-to-market for the origina-
tor). However, the authors believe that the new legislation 
brings new opportunities for spin-off and start-up compa-
nies collaborating with academic institutions. What is 
more, academic research should provide a guarantee of 
return on investment and cost-effectiveness in health pol-
icy. Wilkinson and van Boxtel58 also see new opportu-
nities associated with the new regulation:

The MDR’s requirement to include ‘a specification of the 
clinical benefits to be expected’ in a device’s IFU repre-
sents an opportunity for manufacturers to highlight these 
benefits to potential users. 

On the other hand, as the authors acknowledge, the new 
regulatory requirements mean additional workload and 
costs for producers. While the authors work with the 
concept of cost-effectiveness, they do not attempt to quan-
tify either the benefits or the additional costs that they 
discuss.

Dai, Ma, and Li59 offer a specific view on the regula-
tion and economic development of the medical device 
market. Using the example of the Chinese market, the 
authors consider the compliance costs for local medical 
device developers, but they also point out the existence of 
a regulation relevant for purchasers, ie, Chinese top hos-
pitals, which are required to cover 50% of their demand 
for medical devices with locally manufactured products. 
The authors conclude that this step presents an opportunity 
to develop domestic production and stimulate innovation.

Findings Synthesis
This chapter, which synthesises the content of sections 3.2 
and 3.3, answers the research questions RQ1, “What 
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methods are used to assess the economic impact of medical 
device regulation?” and RQ2, “Which specific indicators are 
used to assess the impact on stakeholders in this sector?” 
posed in the introduction. First, as to the methods of eco-
nomic assessment in general, or methods for assessing the 
economic impact of regulations in particular, cost- 
effectiveness analysis is the most commonly used method 
for research and development, while internal rate of return is 
frequently used by the producers, and budget impact analy-
sis is typically used by healthcare service providers. Second, 
specific financial indicators are either absolute, such as costs 
and price, or relative, such as return on investment. Non- 
financial indicators that are often discussed are the time 
demands associated with meeting compliance requirements. 
The time-to-market indicator is also often mentioned.

Figure 4 schematically illustrates the basic economic 
variables and impact assessment methods in the medical 
environment discussed in sections 3.2 and 3.3.

In addition, common problems with close economic ties 
can be observed. The diagram shown in Figure 5 answers the 

third research question, “What are the critical moments and 
processes in the manufacture, development, and distribution 
of medical devices?”. The scheme is divided into three parts 
called “problem”, “critical factor”, and “resulting chal-
lenges”. In particular, problems related to the use of ICT 
(whether AI solutions or mHealth), a narrow market pro-
blem, or public pressure for rapid innovation in conflict with 
security issues were identified.

As shown in Figure 5, the resulting challenges of the 
identified problems are in particular high-quality data avail-
able at an appropriate cost and the availability of a flexible 
notified body. There are also challenges specific to certain 
situations, such as demands on the safety of medical devices 
for children. From a public expectations point of view, there 
is a continuing need to maintain the urgency of the balance 
between available innovation and safety.

Discussion
The discussion held here is composed in the spirit of the 
main answers to the research questions asked. The 

Researchers / Developers

(Cost-effectiveness analysis, cost-minimization 

analysis, cost-utility analysis)

Regulators

(Safety, efficacy, costs, cost-

effectiveness)

Manufacturers

(Compliance costs, return on investment, 

internal rate of return, net present value)

Healthcare providers (hospitals etc.)

& patients

(Cost-minimization analysis, cost-benefit analysis, 

budget impact analysis and return on investment, 

price)

Marginally occurring across 

stakeholders

(Cost-performance ratio, value-

based reimbursement, and 

qualified estimate, incremental 

cost-effectiveness ratio, cost-per-

QALY)

Figure 4 Basic economic variables and frequently used methods of economic impact assessment – key stakeholders.
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research questions were “What methods are used to assess 
the economic impact of medical device regulation?”, 
“Which specific indicators are used to assess the impact 
on stakeholders in this sector?”, and “What are the critical 
moments and processes in the manufacture, development, 
and distribution of medical devices?”.

The question of why cost-effectiveness is the most fre-
quently utilised method of economic evaluation in the above- 
discussed systematic literature review can be answered simply. 
Cost-effectiveness is a commonly used standard method in 
HTA. Its use is guided, where applicable, by guidelines for the 
economic evaluation of health technologies—see, for exam-
ple, the Irish Guidelines for the Economic Evaluation of 
Health Technologies in Ireland.60 Local HTAs may also con-
tain local specifics for economic evaluation, such as discount 
rate. A review of economic guidelines across Europe was 
recently compiled by Blüher.31

This also corresponds to the fact that if the area of 
medical device development and economic view are 

combined, most of the attention is focused on proving 
the effectiveness of the new solution with regard to how 
it will reduce costs. What impacts it has on the company, 
its processes, or how everything is related to the issue of 
regulation, which may affect the performance and output 
of the company, is less addressed. Overall, the view of the 
company is less discussed at the professional level.

Considering the goal of this article, the following 
remarks should be added. Regulation in the field of med-
ical devices is considered so essential by some that it can 
be found on university curriculum in Biomedical 
Engineering. For example, Di Pietro et al61 in their paper 
present the incorporation of regulatory issues in the 
Medical Device Design course taught at the University 
of Pisa, Italy. Introducing a university course focused on 
medical device regulation, on one hand, can be seen as an 
increase in the indirect costs of the entire regulatory sys-
tem. On the other hand, in the last analysis, it may lead to 
a better management of compliance with regulatory 

Problem

•Increase in AI 
solutions submitted 
to regulators.

•mHealth applications 
where reducing 
healthcare costs is 
expected.

•Medical device for 
children (narrow 
market).

•New medical device 
developed under 
extreme conditions.

•Pressure of public 
demand to have new 
products available 
very fast in the 
contrast of the risk of 
the product not 
working correctly. 
(long device 
development time, 
high development 
costs).

Critical Factor

•Lack of publicly 
available data 
verifying the results, 
and thus a lack of 
data on the potential 
economic impacts.

•In the USA the need 
to deal not only with 
the FDA (Food and 
Drug Administration, 
specifically its Center 
for Devices and 
Radiological Health) 
but also with the FCC 
(Federal 
Communications 
Commission).

•Narrow market does 
not allow for returns 
to scale.

•Flexibility of 
regulators.

•Public opinion, 
knowledge about 
healthcare 
consequences such 
as safety.

Resulting Challenges

•Increase the quality 
of available data.

•Uniform and flexible 
regulators.

•Reducing R&D costs 
(use of 
computational 
modeling and 
simulation).

•To find optimal policy 
in terms of achieving 
a balance between 
testing and access to 
innovation.

•To find balance 
between safety for 
patients and trend  
rapid entry of 
products into the 
market in all 
segments.

Figure 5 Critical moments and processes.
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requirements in private companies and public institutions 
alike, thus reducing both costs and time-to-market.

Finally, types of regulation and methods of evaluating 
regulations, including their impact in the medical device 
sector, can be compared with methods used in other sectors 
and economic activities. Examples include data envelop-
ment analysis (DEA),62 big data for simulations and 
modeling,63 stochastic frontier analysis,64 network planning 
model,65 and others, such as stochastic simulation, simula-
tion study, general equilibrium model, regression or multi-
ple regression analysis, panel factor-augmented VAR 
model, or business simulation games (eg Joskow & 
Rose66; Musshoff & Hirschauer;67 Parker & Kirkpatrick68).

In general, methods for regulating economic activity 
can be divided into financial and process/technological 
ones. Specific financial methods of regulation that can 
and do find their use in the healthcare sector are price 
regulation (see, eg69), setting ratios such as rate of return 
(RoR)70 or ROI,53 and taxation.35,36 Process/technological 
methods include system throughput,71 maximum product 
output,72 or the certification system, on which the medical 
device sector is in fact based. The process associated with 
the certification of (not only) medical devices before their 
introduction on the market is often time-consuming and 
therefore expensive. This is one of the reasons why stake-
holders strive to shorten this time by deriving and optimis-
ing various methods—see, for example, Vidal, Beuscart, 
and Chevallier,73 who conducted a review of adaptive 
methods applied in the phase of clinical trials.

Last but not least, our present study is best compared 
with that of Guerra-Bretaña and Flórez-Rendón,23 who use 
a similar methodology but have a different goal. While our 
study seeks to emphasise economic evaluation, Guerra- 
Bretaña and Flórez-Rendón are focused on innovation 
activity, using the PubMed database for their research. 
There are also the following intersections and differences 
between our research and that of Guerra-Bretaña and 
Flórez-Rendón.23 The first difference is that compared 
with the article of Guerra-Bretaña and Flórez-Rendón, 
we slightly modified the basic filter. We added the key-
word “economic impact” and searched for the keywords in 
“all fields,” rather than only in the title and abstract fields. 
Second, the analysis of Scopus articles presented here 
contains a much larger ratio of outputs focused on HTA, 
ie, category II (43.5% vs 12.1%), while almost the same 
number of papers is in category III (30.4% vs 31.0%), and 
there is again a significant difference in category I (26.1% 
vs 56.9%). Despite the best efforts of the authors, it is 

possible that this search may have limits because the 
review articles are subject to potential bias, including the 
influence of the authors’ personal viewpoints, as well as 
gaps in literature searching practices that may lead to the 
omission of relevant research. Therefore, we state that the 
difference in the ratios of categories I and II may be due to 
the subjective perception of the content of the reviewed 
articles.

Conclusion
Regulation is a complex process that in many ways deter-
mine the environment where economic processes, among 
others, take place. In some cases, regulation shapes the 
environment beforehand; in others, regulation catches up 
with the shortcomings of the environment created by the 
participants’ innovative practices. Regulation is often 
a continuous process that moves between the extremes of 
insufficient regulation and over-regulation, while attempt-
ing to reach the optimal state of equilibrium that does not 
place unnecessary burden on the affected entities, includ-
ing their efforts to innovate.

This article focused on illustrating the economic aspects 
of medical device regulation and highlighting new and cur-
rent trends in this area (see mHealth or digital health). With 
regard to research questions concerning methods and indica-
tors which are used to assess the economic impact of medical 
device regulation and impact on stakeholders, we can state 
that these methods are commonly used: cost-effectiveness 
analysis, cost-minimisation, analysis, cost-utility analysis, 
safety, efficacy, costs, cost effectiveness, compliance costs, 
return on investment, internal, rate of return, net present 
value, cost-minimisation analysis, cost-benefit analysis, bud-
get impact analysis and return on investment, price, cost- 
performance ratio, value-based, reimbursement, and quali-
fied estimate, incremental cost-effectiveness ratio, cost-per- 
QALY. With their use, the availability or cost of securing data 
is discussed in many cases, which is considered time con-
suming. Data availability is at the same time one of the 
critical factors in the development and distribution of medi-
cal devices. Other important critical factors are pressure of 
public demand to have new products available very fast, 
medical device for children, increase in AI solutions sub-
mitted to regulators and other mentioned in Chapter 3.

The mentioned critical points draw attention to pro-
blems that are currently being partially solved by methods 
such as new legislative conditions. For example, the 
implementation of the MDR (EU) 2017/745 in the coun-
tries of the European Union brings new challenges to 
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changing processes, financial flows, increased costs. 
Sometimes there are also concerns about the possibility 
of ensuring these conditions, due to concerns about the 
unavailability of the regulatory body. However, the 
demand for greater patient safety is the challenge for 
innovation. Many of the above points still remain chal-
lenges that require a continuous solution.
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