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ABSTRACT

This thesis concerns the influence of healthcare systems regulation on firm-level
capabilities and affordable healthcare technologies. Regulatory change is highly
contentious, critics arguing that regulatory changes interfere with the efficiency of the
market, and advocates arguing that well designed regulatory changes make markets
more efficient and ensure market outcomes are more equitable. To date, very few
studies analyze the influence of regulatory change on the medical device industry, and

its ability to manufacture and supply affordable healthcare technologies.

To respond to this gap, this research employs the Sectoral Systems of Innovation
(SSI) approach as a theoretical framework to analyze the influence of regulatory
changes on industrial capabilities in medical device industries and affordable
healthcare technologies in South Africa and the United Kingdom. A mixed method
approach, focusing on three cases of regulatory change, emphasised documentary
analysis and questionnaire-guided interview to collect primary and secondary data
from different sources in the healthcare systems of the two study countries.

Regulatory changes facilitated some firms to create new strategies and innovative
capabilities. Regulatory changes enabled some firms to develop close collaborative
linkages with external providers in search of competitive advantage and improved
market positioning. One reactive regulatory change in particular illustrated negative
influence on innovative capabilities. Smaller firms were at a particular disadvantage
in adapting to regulatory change. In the South Africa case, the more stringent
regulatory requirements made it hard for domestic suppliers to enter the supply chain
and led to joint ventures mainly with multinational corporations. The thesis argues,
with empirical evidence, that a more enabling and discriminating regulation that takes
into consideration of firms’ technological capabilities can achieve intended goals

more efficiently and effectively, than constraining and indiscriminate regulation.
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CHAPTER ONE
INTRODUCTION

Medical device manufacturing firms operate in a regulatory-intensive environment.
These firms need to understand how to adapt to and take advantage of exogenous
changes such as regulations. As early as 1988, Mayo and Flynn (1988) noted that
regulations can create significant new business opportunities since they often infuse
radical effects on industries and firms. However, the changes in regulatory
requirements represent huge challenges for many firms and are often viewed
primarily as new restrictions on conducting business (Chowdhury, 2014). They can
limit how firms design, develop and market their products. For some firms,
regulations might be seen as a hurdle, since compliance requirements might hamper
ambitions for business growth and innovation (Ashford et al., 1985). Regulations can
force firms to make investments in projects that they must do, often in stark conflict
to what the firm wants to do (e.g. innovation or product development) (Blind, 2012).
The way in which the actors of change such as manufacturers in the industry are able
to deal with the market environment is influenced by the internal capabilities of these

actors.

Regardless of how regulatory changes are perceived, they will influence the structure
of industries and thereby also the position and fortune of firms (Altenstetter, 2008).
Firms are obliged to understand that regulations will generate new requirements and
consider how best to manage implementation. By understanding regulations as a key
influencing factor, firms can identify new opportunities offered by the processes of
regulatory change (Curfman and Redberg, 2011). Therefore, better insight into what
firms do to manage regulatory change can result in new insight into the destiny of

firms.

This thesis contains two central themes. One is the evaluation of the effects of
regulatory changes on overall industry capabilities. That is, how does the Sectoral
System of Innovation (SSI) operate and how is it affected by regulatory change? The
second theme is the evaluation of firms in two different regulatory environments with
different characteristics. In this research the key characteristic is the experience firms

have gained of the regulatory review process. To study the influence of regulatory
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change on firm level capabilities, it is critical to first understand the concepts of a

healthcare system.

1.1 Healthcare System

Healthcare systems or health systems play a central role in helping people maintain
and improve their health. A number of frameworks and models have been developed
and published to illustrate what a health system looks like. Some of those frameworks
that have been proposed at the national level include: the widely used World Health
Organization (WHO) models (WHO, 2007; 2009), the reform focused model
(Cassels, 1995) and the essential public health functions model (PAHO, 2008). In this
research, the WHO (2009) health system framework (as shown in figure 1.1) is used
to illustrate the six operational building blocks and the overall health system goals.

LEADERSHIP / GOVERNANCE

System Building Blocks Overall Goals / Outcomes
1 -
|
2 . HEALTH WORKFORCE ACCESS IMPROVED HEALTH
COVERAGE (level and equity)
3
) RESPONSIVENESS
4 MEDICAL PRODUCTS, ~
. VACCINES & TECHNOLOGIES SOCIAL & FINANCIAL RISK
QUALITY PROTECTION
IMPROVED EFFICIENCY
ol e

Figure 1.1: The WHO Health System Framework. Source: (WHO, 2009)

A strong health system is built on six building blocks: service delivery, health
workforce, information, medical products, vaccines, and technologies, financing and
governance (WHO, 2009). The various interactions among these components convert
these building blocks into a system and if any of these components are missing, the
health system cannot function at the level necessary to improve the health of the
population. Each building block has its own unique challenges in terms of policy and
organizational systems (WHO, 2011a). The areas of focus within the WHO health
system framework to be examined in this study are the health technologies (medical

devices) and governance (regulation), which are emanating from the fourth and sixth
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building blocks of the framework.

1.2 Health Technologies

Based on functions defined by WHO, (2007), a well-functioning health system
ensures equitable access to essential medical products, vaccines and technologies of
assured quality, safety, efficacy and effectiveness. Healthcare technologies work
towards the reduction of healthcare costs by conducting timely diagnosis, provision of
effective treatment and reduction of pressure on hospital resources and staff (Matsoso
and Fryatt, 2013). Liaropoulos (1997) drew a schematic representation (as shown in
Figure 1.2) of the alternative definitions of biomedical, medical, healthcare and health

technology:

Drugs

Biomedical
Technology
Medical
Devices Technology

Procedures
Health Care
Technology
Organizational
support systems Health
Technology

In the health sector

Outside the health sector

Figure 1.2: Outline of the categories in health technology. Source: (Liaropoulos,
1997, p.126)

As shown in figure 1.2 and starting from the top left of the list, drugs and devices are
considered as technologies dealing primarily with the biological characteristics of the
processes under which healthcare is provided therefore assigned to the category of
biomedical technologies. The addition of procedures to the list refers us to the main
domain of the clinical practice, thus drugs, devices, and procedures constitute medical
technology. When organizational and support systems originating and operating

within the broader health care system are added to the list, the category is considered
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as health care technology. Health technology, on the other hand, includes all of the
above as well as the societal organizational and system parameters that determine the

final health outcome (Liaropoulos, 1997).

Medical devices are a subset of health technologies as can be seen from figure 1.2.
They play an important role in clinical practice and improving patients’ health
(Altenstetter, 2008, Beksinska et al., 2011). Medical professionals make critical
decisions associated with healthcare after using the devices to identify the patient’s
problem (Zuckerman et al., 2011). Medical devices include syringes, catheters, and
face masks. There are also devices for wound management, ultrasound, artificial
joints and prosthetics, invasive surgery, clinical and laboratory operations, and
inhalation and infusion therapies. Others are audiometry and hearing aids,

disposables, hospital supplies, kits and in-vitro diagnostics (Kramer et al., 2012a).

However, the use of medical devices entails some considerable risks to human health
(Altenstetter, 2008). Regulation is one mechanism to help balance the benefits and
risks of new devices (Sorenson and Drummond, 2014). Therefore all health
technologies must fulfil the regulatory requirements of their targeted markets and

prove that they are developed in a way fitting with their purpose (Chowdhury, 2013).

1.3 The Role of Regulation and the Need for Change

The sixth building block of the WHO health system framework is leadership and
governance. This component involves ensuring strategic policy frameworks exist and
are combined with effective oversight and regulation of health technologies (WHO,
2007). Regulatory institutions, policies, and processes have been developed by
governments to authorize healthcare technologies for use on the market and to
determine the terms of their coverage, reimbursement, and pricing. The Organisation
for Economic Co-operation and Development (OECD) defines regulation as the
implementation of rules by public authorities and governmental bodies to influence

market activity and the behaviour of private actors in the economy (OECD, 1997).

Scope of regulations in medical devices can be divided into several phases in the
product life-cycle: pre-market, placing on-market, and post-market surveillance

(WHO, 2003). Thus, regulation becomes crucial already in the development phase
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(pre-market) as it is required to develop and document the product according to
national regulations. During placing on-market phase regulation is needed for
advertising and sales of products. After placed on-market, post-market surveillance
must be in place meaning that products are monitored while on the use.

Regulation is an important defining factor in the medical device industry because it
influences the way in which technologies are innovated, tested and commercialized, it
also influences how producers and consumers interact, and ultimately contributes
heavily to the institutional structure and the innovation dynamics of the medical
device sector (Beer et al., 2011). The need for regulation comes from information
asymmetry between the producers on one side and patients and clinicians on the other
side. Patients cannot assess safety or observe quality and efficacy of medical devices
on their own, and neither can the medical practitioners who decide on their behalf
(Harper, 2007). This is where regulatory bodies come in, by seeking evidence of
compliance with guidelines, rules and regulations to give credibility and legitimacy to
organizations inspected.

Furthermore, regulation seeks to ensure that the health technologies are improved and
offer reforms to healthcare services (Wood, 2010). The forces behind changes in
regulations are diverse, emanating from firms, policymakers and regulators (Jacobides
et al., 2006). Firms can turn to regulatory bodies for guidance on how to adjust to
regulations (Brusoni et al., 2009). The objectives of regulation are the same in most
countries, however the characteristics of different regulatory regimes can be quite
different.

1.3.1 Types of Regulations

The regulatory requirements and other documentation for medical device safety come
in different forms and compliance with some of them is mandatory and voluntary with
others. There are also some differences in terms between issuing bodies. Figure 1.3
outlines the different types of regulations, which will be discussed in this thesis in

more detail.
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Compliance:
Laws
Mandatory Directives
Regulations
Demonstrates compliance with B .
relevant mandatory legislation Harmonized Standards
Voluntary Standards
Guidances
Technical Information Reports

Figure 1.3: Compliance requirements

The EU law is divided into 'primary' and 'secondary" legislation. The treaties (primary
legislation) are the basis or ground rules for all EU action. Secondary legislation,
including directives, regulations and recommendations, are derived from the treaties
(EU Law, 2018). Regulations are binding legislative acts that must be applied in their
entirety. For example, when the EU wanted to make sure that there are common
safeguards on goods imported from outside the EU, the Council adopted a regulation.
Directives are legislative acts that set out goals that all EU countries must achieve.
However, unlike regulations, it is the individual member countries who devise their

own laws on how to reach these goals (EU Law, 2018).

Standards are technical specifications defining requirements for products, production
processes, services or test-methods. These specifications are voluntary and are
developed by industry and market actors following some basic principles such as
consensus, openness, transparency and non-discrimination. Standards ensure
interoperability and safety, reduce costs and facilitate companies' integration in the

value chain and trade (European Commission, 2016).

In Europe, harmonised standards are developed and agreed by the three officially
recognized European Standardization Organizations: the European Committee for
Standardization (CEN), the European Committee for Electro technical
Standardization (CENELEC) and the European Telecommunications Standards
Institute (ETSI). They are created following a request from the European Commission

to one of these organisations. Medical device manufacturers, other economic
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operators, or conformity assessment bodies can use harmonised standards to
demonstrate that products, services, or processes comply with relevant EU legislation
(EU Law, 2018).

The European Commission, standards development organizations also publish
guidance documents on the application of standards and regulations. Such guidance
offers more insight into the application of the standards or regulations, and thus helps
achieve conformance with them. Technical information reports offer information
much like standards, but are not subject to a formal process of committee approval,

public review, and resolution of comments (European Commission, 2016).

1.4 Medical Device Regulatory Challenges

Over the past three decades the medical device sector in advanced countries has seen
increased regulation and oversight (Altenstetter, 2008). Key areas relate to the ways
in which new devices are trialled, approved, and ultimately marketed. In practice,
regulation of medical devices has also seen inherent limitations and challenges
(Curfman and Redberg, 2011). Some challenges of regulating medical device
manufacturing sufficiently have been revealed by uncovering medical devices at the
market that do not fulfill safety criteria to ensure patient protection and has led to
patient harm and deaths (Kramer et al., 2012b). These challenges will be explored

further in the literature review chapter.

The medical device industry often maintains that the regulatory process is
unpredictable and prolonged, thereby becoming a barrier to innovation and timely
market entry of their products (Faulkner, 2012, Kramer et al., 2012b); regulators
frequently face governmental pressures and stakeholder resistance (Peck et al., 2014),
while health consumers (patients) often complain about not able to access new
technologies (Matsoso and Fryatt, 2013). In most developing countries, however,
regulation of medical devices is weak (Rugera et al.,, 2014). The majority of
developing countries, and in particular those in the Africa, have a legal mandate to
regulate but there is limited capacity to do so (Rugera et al., 2014). Furthermore, in
these countries, most research has focused more on regulation and development of
pharmaceuticals even though medical devices constitute a key component in the

healthcare technologies (Kale and Mkwashi, 2015, Sorenson and Drummond, 2014,

7

www.manaraa.com



Doherty, 2015). As a result, research on evolution of medical devices regulation, the
new developments and in particular market authorisation in different countries and

specifically, the global south remains a highly under-researched topic.

In order to bridge this knowledge gap and provide a useful cross-country analysis of
regulation of medical devices, this study investigate the evolution of regulatory
changes in the medical device sector in the UK and SA and examine its influence on
industrial capabilities and development of affordable healthcare technologies. The UK
and SA have recently introduced or are currently debating reforms of medical device
regulation, thus it is an opportune time to examine regulatory policies and practices in

both countries and identify areas for additional improvement.

1.5 Research Questions

The overall research question guiding this study is: “How and to what extent has
the evolution of medical device regulations in the UK and SA impacted industrial
capabilities and contribution towards affordable health care technology

development?”

The main objective of this overall research question is to add to the existing
knowledge on the effects of regulatory changes on industrial efforts to make
affordable healthcare technologies in general and medical devices in particular,
available in both developed and developing countries. To be able to adequately

answer the overall research question, three sub questions were formulated, namely:

Sub-Question 1: What changes have been made to regulation of medical devices
and what approaches were utilised by regulators to implement the changes in the
UK and SA?

Sub-Question 2: What conditions, processes and events facilitated the changes to

regulation of medical devices in the UK and SA?

Sub-Question 3: How have regulatory changes affected firm level investment,
production and linkage capabilities of medical device firms in the UK and SA?

It is worth noting at this juncture that there is another key underlying principle besides

the literature that has guided the formulation of these research questions. This
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approach is adopted particularly to ensure that they will correspond with the overall
motive of this research. It is indeed acknowledged that the key principal nature of
regulatory requirements would typically highlight what needs to be achieved and
therefore defines the expectations on the various deliverables required. In this regard,
deliverables have been defined as all forms of outcomes that are expected to be
achieved by medical devices manufacturing firms arising from the adherence to

regulatory requirements.

Therefore, the research questions have been designed to explore three key research
issues i.e. the content, drivers and impact of regulatory changes. The research
questions were developed after recognizing the importance of them being clearly
focused, as well as in ensuring that they are related with one another and further to
“form a coherent set of issues” (Bryman, 2008: p. 73). For ease of comprehension, a
table outlining the sub research questions, their relevant research application as well
as the associated chapters where they will be explained in detail, is presented in Table
1.1 below:

Table 1.1 Application of Research Questions and Associated Chapters

Application of Research Question Chapter

Research Question (RQ)

RQ1. What changes have To assess and understand the “content” of
been made to regulation of | regulatory changes and the regulatory 6
medical devices and what “approaches” utilised by regulators to

approaches were utilised by
regulators to implement the
changes in the UK and SA?

implement the changes in the UK and SA

N To explore and determine the “drivers” that 2
RQ2.  What conditions, facilitated of regulatory changes in the UK and
processes and events SA. 6

facilitated the changes to
regulation of medical
devices in the UK and SA?

RQ3. How have regulatory To investigate the “effects” of medical device

changes affected firm level
investment, production and

regulatory changes on industry capabilities and 7

development of affordable medical devices in

linkage capabilities of the UK and SA. 8
medical device firms in the o
UK and SA?
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Answering the above research questions is envisaged to generate evidence, which is
generalizable in an analytical rather than statistical sense on the influence of
regulatory changes on industrial capabilities and development of affordable healthcare
technologies in developed and developing countries.

1.6 Key Findings

This study has shown that the interaction between medical device regulations,
industrial capabilities and affordable healthcare technology development is complex
and multi-faceted, such that assessing the impact of a given piece of regulation on
innovation is often an empirical, case-by-case exercise. That said, our analysis has
shed light, with the help of pre-existing literature, on the way in which different types
of regulatory changes can affect firm level capabilities. More specifically, our main
findings include the following:

e Regulatory change can, under certain circumstances, be a powerful stimulus to
innovation. Regulatory changes facilitated some firms to create new strategies and
innovative capabilities.

e Regulatory changes enabled some firms to develop close collaborative linkages
with external providers in search of competitive advantage and improved market
positioning.

e Different types of regulatory approach can have different impacts on firms’
technological capabilities. Typically, we found that a more prescriptive, rigid
regulatory change can hamper innovative activity by reducing the attractiveness of
engaging in R&D, constraining modes of commercialization, and creating lock-in
effects that force the economy into suboptimal standards. The more regulatory
change is flexible and enabling, the more innovation can be stimulated. One
reactive regulatory change in particular illustrated negative influence on
innovative capabilities. Smaller firms who lack the resources to come up to strict
legal requirements were at a particular disadvantage in adapting to regulatory
change. In the South Africa case, the more stringent regulatory requirements made
it hard for domestic suppliers to enter the supply chain and led to joint ventures
mainly with multinational corporations (MNCs).

e During the enforcement phase of regulatory change, we found that the lower the

costs of compliance and the administrative burdens, the more positive were the
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influence on firms’ technological capabilities.
e In addition, after the regulatory change, firms tend to replicate extant technology
combinations instead of introducing new ones. This result thus indicates that

innovators become more risk averse toward novelty.

The thesis argues, with empirical evidence, that a more enabling and discriminating
regulation that takes into consideration of firms’ technological capabilities can
achieve intended goals more efficiently and effectively, than constraining and

indiscriminate regulation.

1.7 The Structure of the Thesis

This thesis contains ten chapters, each of which plays a particular role in defining,
formulating, and addressing the research question to deliver the assumed contribution
of this research. Following this introduction, Chapter 2 provides background details
for the research relevant in answering sub questions one and two. It sets the scene for
all the empirical chapters in this thesis (i.e. Chapter 7 to 9). It starts by presenting the
current state of the global medical device market, followed by a discussion on the UK
and SA medical device industry profiles such as the market size, distribution of
medical technology companies and the major segments in medical technology. In
addition, it discusses evolution of medical device regulations in the two study
countries and associated requirements that are specifically affecting the medical
device industries are presented. Finally, it also explains the key components of the

current state of medical device regulatory frameworks in the UK and SA.

Chapter 3 presents a critical evaluation of literature on health technology regulation in
general and medical device regulation in particular to situate this research in the
context of this literature. Particular emphasis is placed on literature on medical device
regulation in both advanced and developing countries. In addition, literature on the
effects of regulation on the industry is also examined. A summary of the key issues
raised in each part of the literature review is provided such that knowledge gaps is

identified and presented.

Chapter 4 presents the theoretical framework of this study. This chapter first presents
a graphical overview of conceptual framework for the research, used as a guide to

flow through the study on medical device regulation and industrial capabilities,
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through the Sectoral Systems of Innovation (SSI) lens, anchored in evolutionary
theory. The main factors that influence the dynamics of the system are the actors and
networks, knowledge and technologies, the extent of innovation and institutions in
particular regulation. These elements are the centre of this study’s analytical focus.
The chapter further describes other supporting theories, concepts and approaches used
to unpack the effects of medical device regulatory changes on investment, production

and linkage capabilities and development of affordable health technologies

Chapter 5 presents the scope of the research, and details how the research was
conducted. It will first present the philosophical position of this study and
methodological issues leading to the choice of methodology. The research strategy
then explains the reasons for using the case study approach and discusses key
characteristics of case study quality. Case study design is explained, consisting of the
importance of context, the unit of analysis, and a sample selection of the firms, as
well as the criteria and process. Data collection methods and data analysis strategy
employed are also presented.

Chapter 6 presents three case studies of regulatory changes that have been selected for
this study. The aim of this chapter is to, first, analyze and explore the two regulatory
change cases in the UK that were highly significant for the medical device industry.
Each regulatory change was different: one was a major extension of regulatory reach
into software; the other introduced unannounced audit visits therefore toughening
regulatory compliance processes. Second, the chapter will also analyze and explore
the regulatory change case of radiation emitting devices in SA that promoted safety in
the workplace and prevented unnecessary exposure to radiation.

Chapter 7 is the first of three empirically based chapters that present and analyze the
data collected. This chapter addresses research sub-question number three identified
in chapter one using empirical data from a group of sixteen medical devices firms in
the UK. This chapter is focused on firm level effects in a tightly regulated national
environment. The empirical evidence that comprises of two kinds of data is then
analysed. The analysis begins with a generic narrative contextualising the effects of
regulatory changes on industrial capability based on the sixteen UK-based firms.

Thereafter, a more comprehensive narrative of three purposefully selected firms is
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then presented. At the end of the chapter, the results of each regulation and each type
of capability will be summarized and general characteristics of the firms’ responses to
the new regulation will be further described so as to provide an informative overall

perspective.

Chapter 8 delves further in addressing research sub-question number three but using
empirical data from a group of sixteen SA-based medical devices firms. The chapter
draws its attention to the description of radiation emitting devices regulation and the

subsequent changes. The analysis follows the same approach as used in chapter 7.

Chapter 9 presents the final detailed cross-case analysis of firm cases in two
countries. The chapter starts by setting out the analytical approach undertaken during
the analysis of regulatory change effects. In addition, the three regulatory changes that
have been identified is briefly described, before the cross-case analysis is summarized
and presented. The chapter then proceeds to present data relating to investment,
production and linkage capabilities. Within these capabilities, the chapter analyzes in
some depth each regulatory change case looking for generalizable conclusions from
the study’s various empirical firm data. At the end of the chapter, the results are

summarized so as to provide an overall empirical and conceptual perspective.

Finally, Chapter 10 presents a summary of the findings, discusses various policy
implications and addresses the limitations of the study. It commences by outlining the
summary of key findings, in relation to the research questions outlined in Chapter 1.
Subsequently, the chapter provides the overall discussions based on the outcomes of
the research. Furthermore, arising from the understanding and insights obtained
throughout the analysis, regulatory recommendations, are presented. The
recommendations, in this regard, are better suited to discover enabling regulatory and
policy approaches that enables industrial capabilities. In addition, this chapter also
articulates the policy implications of the research and highlights the limitations of the

study; as well as identifying the opportunities for further research.
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CHAPTER TWO
RESEARCH BACKGROUND

2.0 Introduction

This chapter outlines the contextual and background details of the research. It begins
by presenting the current state of the global medical device market, followed by a
discussion on the UK and SA medical device industry profiles. The chapter also
discusses evolution of medical device regulations in the two study countries and
associated requirements that are specifically affecting the medical device industries.
Importantly, the discussion on the evolution of medical device regulations in this
chapter contributes to answering the research sub-questions one and two aimed at

assessing the drivers and contents of the regulatory changes in the UK and SA.

2.1 The Global Medical Device Market

Size of market

The medical devices market is one of the fastest growing and most complex in the
world (Sorenson and Kanavos, 2011). The sector in 2017 was made up of
approximately 2 million devices that can be categorized into more than 22 000
generic devices groups! on the global market (WHO, 2017). According to the
statistics from the U.S. Department of Commerce, the global market sale of medical
devices in 2016 reached $339.5 billion (see Figure 2.1). The global medical market is
expected to grow at a compound annual rate (CAGR) of 4.1%, and reach $522 billion
by 2022 (MedTech, 2017). Figure 2.1 illustrates the global market sale of medical
devices for the period 2016-19.

Size of global medical device market
(in billion USD)
600
400 3395 360.8 386.1 412.8
200 +——
Nl BN B e .
2016 2017 2018 2019

! The Global Medical Device Nomenclature Agency listed more than 22 000 generic device groups for
medical devices (Source: GMDN Agency).
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Figure 2.1: Values of the global medical device market. Source; (U.S.
Department of Commerce, 2016).

Since innovation fuels the global medical device market’s on-going quest for better
ways to treat and diagnose medical conditions, when coupled with patient life
expectancy increasing and aging populations globally, the medical device market
should continue growing at a positive rate in the future (U.S. Department of
Commerce, 2016). Figure 2.2 illustrates the global medical device market size by

region based upon manufacturer prices? in 2016.

The global share of medical devices by region
Russia, 1% _ Other, 11%

Brazil, 1% L USA
Canada, 2% _— i Europe
China, 6% Japan
Japan, 7%
w Canada
Brazil
Russia
Other

Figure 2.2: The global share of medical devices by region based upon
manufacturer prices in 2016. Source: (MedTech Europe, 2018)

The United States currently has the largest medical device market in the world, with a
market size of around $156 billion, and it represented about 40-43% of the global
medical device market in 2016 (U.S. Department of Commerce, 2019, MedTech
Europe, 2018). In the US, there are approximately 7,000 companies in the medical
device market, which directly employ about 500,000 people and indirectly employ
more than 2 million people (U.S. Department of Commerce, 2019).

As Figure 2.2 shows, Europe currently holds nearly 30% of the global market with
market value of about $110 billion. It is the second largest medical device market
after the US. In Europe, in 2018, there were approximately 27,000 small and medium-
sized companies manufacturing medical devices, employing 675,000 people
(European Commission, 2017). The U.S. and Europe control about 70% of global

2 Market size estimated in manufacturers’ prices, not including margins, such as value added in the
wholesaling and retailing, transportation costs, some taxes included in the final price, etc.
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medical device market. The market size of the top 10 European countries based upon

the manufacturer prices is presented in Figure 2.3.

European Medical Device Market by country in 2016
& Germany
Austria, 2% & France
Other, 149
Sweden, 2% er, 14% UK
Belgium, 3% i Italy
Switzerland, 4% ® Spain
Netherlands
Netherlands, 4% Switzerland
France, 15% .
Spain, 6% Belgium
Sweden
UK, 12% Austria
Other

Figure 2.3: European Medical Device Market by country in 2016. Source;
(MedTech Europe, 2018)

As Figure 2.3 shows, the biggest medical device markets in Europe are Germany,

France, the United Kingdom, Italy and Spain.

Global medical devices industry structure

The global medical devices industry is highly fragmented. It is characterised by the
presence of a few large companies with a dominant position and a large number of
small and medium enterprises (SMESs), which are responsible for the development of
the technological breakthroughs of todays’ healthcare market (Amann and Cantwell,
2012, Chowdhury, 2014). The SMEs, however have limited resources to demonstrate
the evidence on safety and efficacy of medical device to meet the regulatory
requirements, and in the face of a failure on the marketplace it is difficult for them to
survive (Kaplan et al., 2004). The research and development (R&D spending in the
global medical device industry, as a percentage of sales, was about 12%, in 2017 (US
Department of Commerce, 2018). However, most SMEs research focuses on factors
that contribute to their survival such as financing, rather than a greater understanding

of the medical device innovation development process (O'Regan et al., 2006).
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The global medical device industry is divided into several device segments. Table 2.1
presents ten biggest medical device market segments and related market value in
2017.

Table 2.1: Global TOP 10 device areas in medical devices industry. Source:
(Evaluate MedTech, 2018).

Rank Device segment Global sales value in 2017
(in billion US dollars)
1 In Vitro Diagnostics (IVD) 52.6
2 Cardiology 46.9
3 Diagnostic Imaging 395
4 Orthopedics 36.5
5 Ophthalmic 21.7
6 General & Plastic Surgery 22.1
7 Endoscopy 18.5
8 Drug Delivery 18.5
9 Dental 13.9
10 Wound Management 13.0

Table 2.1 shows that the In Vitro Diagnostics (IVD) segment is the biggest device
area and an overall picture gives some hints about the volumes of investments in the
global industry. Almost all high-tech medical devices have been designed and
manufactured in advanced countries for use in industrialised countries, and
subsequently the rest of the world. The global top 10 medical device companies are

presented in Table 2.2.

Table 2.2: Global TOP 10 medical device companies in 2017. Source: (Evaluate
MedTech, 2018).

Company Country Company sales value in 2017
(in billion US dollars)
1 Medtronic USA 30.0
2 Johnson & Johnson USA 26.6
3 Abbott Laboratories USA 16.0
4 Siemens Healthineers Germany 155
5 Philips Healthcare The Netherlands 13.6

17

www.manaraa.com



6 Stryker USA 12.4
7 Roche Switzerland 12.3
8 Becton Dickinson USA 11.0
9 GE Healthcare USA 10.2
10 Boston Scientific USA 9.0

Table 2.2 shows that out of the top ten medical device companies, seven firms have
headquarters in the USA. Medtronic achieved medical device sales of $30 billion,
leading the top ten and giving the company a 7.4% market share (Evaluate MedTech,
2018).

The medical device industry in developing countries

The medical device industries based in developing countries are few and focused on
the low-tech part of the sector. The diversity and scale of health challenges in
developing countries make the role of medical devices even more significant but
according to WHO (2012) only 13% of manufacturers are located in developing

countries.

In developing countries, over 95% of the medical devices in public hospitals are
imported, with very limited local production (Malkin, 2007). Moreover, most of the
medical devices are inappropriate for local needs and unable to be sustained with the
lack of local infrastructure (Lustick and Zaman, 2011). For example, WHO (2016)
conducted a detailed analysis of medical devices policies from four selected countries
in Africa (Ethiopia, Nigeria, South Africa and Tanzania) to identify opportunities for
the development of local medical devices. The study found that there was a limited
local manufacturing capacity and design mechanism to incentivize manufacturers to
engage in the production of priority medical devices. The same study revealed that
there was lack of funds for research and development (R&D) and support to bring

products into the market and to final users that could be of high public health value.

2.1.1 Medical Device Development Process

Medical devices are regulated in different ways throughout their life cycle, because
any phase during their life span can affect the safety and performance of the medical
device. According to Blair & Goldenberg (2014), medical device development

process generally includes steps such as recognizing an unmet medical need, doing
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fundraising or budget, concept and feasibility studies, design and its validation,
clinical studies, regulatory approval, manufacturing, reimbursement, product
distribution, and post-market activities. Figure 2.4 below illustrates the major phases

in the life span of a medical device from conception and development to disposal.

Conception
p Manufacture ackagln dvertising Disposal
Developmen Labelllng

1 2 3 5

Manufacturer Vendor User

Figure 2.4: Seven major phases in the life span of a medical device. Source:
(WHO, 2003, p.5)

The activity phases are simplified to make it easier to understand the regulatory
system. For example, the development phase includes development planning, design
verification/validation, prototype testing and clinical trials. In practice, the phases
outlined below may overlap and interact (WHO, 2003, p.5). Following initial concept
tests, the device is then registered for regulatory approval in the desired market(s).
This step alone can take up to six years, depending on the risk category of the device
and clinical trials required, and the total time for a new device to come to market can
be as long as eight years (Fargen et al., 2013). It is vital in the new product
introduction process in the medical device industry to get good clinical data because
many times it is the main differentiator between competitors (Blair & Golden-berg,
2014).

The manufacturer, vendor, user, public and government are the stakeholders. All five
play critical roles in ensuring the safety and efficacy of medical devices. The most
important factor that ensures the cooperation of all these stakeholders is an informed
and common understanding of the issues. Shared understanding and responsibility are
achieved through communication and mutual education, which can be effectively
achieved by having all stakeholders participate in establishing the process that ensures
safety and performance of medical devices (WHO, 2003, p.5). The next section

introduces the UK medical device industry.
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2.2 The United Kingdom Medical Device Sector

Size of market

The UK medical device market is the third largest in Europe, behind Germany and
France, and the sixth largest in the world (MedTech Europe, 2018). Domestic device
manufacturing is characterized by a large number of small-scale medical device
companies alongside a few global manufacturers with a significant presence in the
market. Many large US companies operate subsidiaries in the UK. The market was
estimated to have generated $26,444 billion turnover in 2015 and is forecast to grow
at a USD billion 2015-2019 Compound Annual Growth Rate (CAGR) of 5.1%,
making the UK the best performing market in the Western Europe region (BIS UKTI
DH, 2015). The breakdown of the UK medical device firms is presented in Table 2.3.

Table 2.3: Breakdown of Medical Device Companies in the UK in 2015.
Compiled by author. Source: (BIS UKTI DH, 2015)

Category Employment Turnover Number of
(inbillionus ~ Companies
dollars)
Core companies 89,870 *21,505 2,683
Service & Supply companies 24,605 4.939 1,002
Total 114,475 26,444 3,685

*GBP/USD currency conversion was done using OANDA currency calculator tool at
a rate of 1:1.25830

Data in Table 2.3 show that, in 2015 the medical device sector and service and supply
chain in the UK was comprised of an estimated 3,685 companies, which employed
approximately 114,475 individuals (BIS UKTI DH, 2015). Such high numbers of
employees prove that the UK medical device industry is a significant player in Europe
and in its economy. The core companies include all firms whose primary business
involves developing and producing medical devices (ranging from single-use
consumables to complex hospital equipment, including digital health products). The
service and supply companies are those that have significant activity in supplying
services to the core companies such as specialist consultancy and regulatory expertise
to the medical technology sector (BIS UKTI DH, 2015). The rest of the composition
and distribution of the medical device companies in terms of the size of their annual

turnover is shown in Table 2.4 below.
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Table 2.4: Distribution of Medical Device Companies — broken down by
company turnover. Compiled by author. Source: (BIS UKTI DH, 2015)

2015 Annual Number of % of core Number of % of
Turnover size band | medical device  companies = Service & Supply  Service &
core companies companies Supply
companies
$0 — $62,000 352 13% 159 16%
$63,000 - $125,000 195 7% 97 10%
$126,000 - $313,000 386 15% 199 20%
$314,000 — $628,000 385 14% 135 13%
$629,000 — $1,2m 318 12% 97 10%
$1,3m - $6,2m 534 20% 180 18%
$6,3m+ 513 19% 135 13%
Total 2683 100% 1002 100%

*GBP/USD currency conversion was done using OANDA currency calculator tool at
a rate of 1:1.25830

Table 2.4 shows that, in 2015, out of the 3685 medical device companies in the UK,
81% of the core companies had an annual turnover of less than $6.3 million while
77% of the service and supply companies had a turnover of less than $6.3 million
(BIS UKTI DH, 2015).

The UK medical device industry structure

The vast majority of medical device companies (98%) are small to medium-sized
enterprises (SMEs). The SME status is based on the European definition that refers to
businesses with fewer than 250 employees (BIS UKTI DH, 2015). Within the sector,
68% are micro-companies employing less than ten people. The overall picture is that
of a sector made up of small but well-established companies as indicated in Table 2.5

below.
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Table 2.5: Distribution of Medical Device Companies — broken down by
employment numbers. Compiled by author. Source: (BIS UKTI DH, 2015)

2015 Employee size Number of % of core Number of % of
band medical device =~ companies = Service & Supply  Service &
core companies companies Supply
companies
0-4 1129 42% 532 53%
5-9 438 16% 135 14%
10-19 335 12% 119 12%
20-49 390 15% 114 11%
50-99 199 7% 54 5%
100 - 249 122 5% 31 3%
250+ 70 3% 17 2%
Total 2683 100% 1002 100%

According to the Department for Business, Innovation and Skills report, the largest
segment by turnover in 2015 was single use technology (i.e. disposables) followed by
in-vitro diagnostics, orthopaedic devices and wound-care (the top four segments
accounted for 40% of the sector’s turnover (BIS UKTI DH, 2015). Figure 2.5
illustrates the turnover of major segments in the medical device sector excluding

service and supply in the UK.
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Figure 2.5: Turnover for the Major Segments in the Medical Device Sector in the
UK. Source; (BIS UKTI DH, 2015)

As illustrated in Figure 2.5, the products highlighted in red are some of the medical
technology segments that develop and market stand-alone or embedded software
devices. One of the three regulatory changes analysed in this study targeted the
production of software products and the influence of these changes will be discussed

in more detail in Chapter eight.

Figure 2.6 and 2.7 present the composition and distribution of the medical device
sector in terms of the number of companies by segment registered in the UK. Figure
2.6 shows the number of medical device core companies whilst Figure 2.7 shows the

number of medical device Service & Supply companies
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Figure 2.6: Number of Medical Device Core Companies by Segment.
Source: (BIS UKTI DH, 2015)
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Figure 2.7: Number of Medical Device Service & Supply Companies by Segment
(only segments with more than 20 companies shown). Source: (BIS UKTI DH,
2015)

Figure 2.6 shows that the digital health segment in 2015 was the second highest of all

segments in the life science industry and had a total of 289 core companies. The

ol L) fyl_i.lsl
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segment covers companies that develop and market software and/or devices that rely
on software for their key functionality. As the main focus of digital health devices is
on software that has high medical information content, the 2007 regulatory changes
required them to be validated. The effects of such requirement will be analysed in

Chapter eight.

2.2.1 Evolution of Medical Device Regulations in the UK (EU)

The Treaty Establishing the European Community, signed by six countries in 1957,
marks the beginning of the EU (Altenstetter, 2003). Since then more countries have
joined and the treaty has been amended several times. Member countries agree to
follow the rules and regulations of the EU (Altenstetter, 2003). The evolution of
medical device regulations in the UK, therefore, has to be seen in the light of the
European Union’s development over the past decades (Chapman et al., 2014). The
formal regulation of medical devices in the EU actually began in the 1990s, following
the adoption of “the New Approach” principles of 1987. Prior to that, a consolidated
legislation adopted in 1965 after the thalidomide crisis regarding medicinal products
covered only pharmaceuticals, thus, there was great diversity amongst EU countries in

how medical devices were regulated (Altenstetter, 2012).
Harmonizing to create a ‘single market’

To harmonize the technical requirements across the EU region, the core legal
framework that consisted of three directives was established, dated 1990, 1993 and
1998 (see Table 2.6). The EU governments needed to put in place policies that would
address all elements related to medical devices, ranging from access to high quality,
affordable products, through to their safe and appropriate use, performance and
disposal (European Commission, 1993, 2007). In order for the requirements in the
directives to be mandatory, the directives were transposed to each member state’s
legislation resulting in a vast and elaborate legislative framework (Bastawrous and
Armstrong, 2013). The intention of these Directives was clearly to create a single
market for medical devices based on Article 100a or Article 95 of the respective EU
Treaties (Casteels and Rohde, 2013).

Responsibility for the regulatory cycle

The responsibility for the regulatory cycle was assigned to three types of

organizations: competent authorities, manufacturers, and third-party certification
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organizations (notified bodies) (Altenstetter, 1996). A competent authority ensures
that the requirements of the directives are applied. In the UK it is the Medicines and
Healthcare Products Regulatory Agency (MHRA) and the legislation is the Medical
Devices Regulation 2001/618 (as amended) (Heneghan et al., 2011). In addition to the
transposition of the medical device directives into National Law, the MHRA is also
responsible for the surveillance of medical devices on sale in the UK and the
evaluation of adverse incidents (MHRA, 2008b). Many medical devices and
accessories require an objective third party inspection by a Notified Body (NB) as

part of the required conformance assessment procedure.

Notified bodies exist solely under New Approach Directives. Their function is to
provide independent verification that particular aspects of the design, manufacture or
quality system conformity have been carried out by manufacturers (European
Commission, 2013b). Notified bodies are for-profit and funded by review fees from
manufacturers (Kramer et al., 2012). Because of this, some have argued that there is
an inherent risk of collusion between notified bodies and manufacturers (Cohen,
2012).

The New Approach Directives  imposed the sole and ultimate regulatory
responsibility for a product and the satisfactoriness of its safety on the person who
qualifies as its legal "manufacturer”, who is the person who places it on the market
under his own name (Casteels and Rohde, 2013). The legal manufacturer may,
however, in practice subcontract some or all of the activities of design, production,
labelling, packaging and distribution, although he retains full regulatory responsibility
for designing and manufacturing the product in accordance with the essential
requirements that apply to it, and for the carrying out of conformity assessment in

accordance with a relevant applicable procedure (Chowdhury, 2014).
Medical devices regulatory framework revisions in 2000-2017

The three medical devices directives of the 1990s were a great success (Yaneva-
Deliverska, 2012). The CE mark became a recognized seal of quality and safety for
medical devices and a single market had basically been created (Casteels and Rohde,

2013). Together these European directives constituted a medical device legal system

3 New Approach Directives do not contain a definition of "manufacturer" other than in Directives
90/385/EEC (active implantable medical devices), 93/42/EEC (medical devices) and 1998/79/EC (in-
vitro-diagnostic medical devices)
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(ibid). The medical sector, however, developed and evolved especially with the

introduction of new innovative devices and thus made a revision of the directives over

time necessary. Table 2.6 shows the ever-evolving amendments of Directives:

Table 2.6: List of the Three Core European Directives and their Subsequent
Amendments. Compiled by author. Source: (European Commission, 1998)

New/Amended

Old/Original

Description

Directive Directive
1990 90/385/EEC Concerns active implantable medical devices
(AIMDD) (AIMDD

1993 93/42/EEC (MDD) | Concerns medical devices (MDD) and their
accessories

1998 98/79/EC Concerns in vitro diagnostic medical devices

(IvDMD) (IvDMD)

2000 | 2000/70/EC 93/42/EEC Concerns, among others, medical devices
manufactured using tissues of animal origin, the
classification of certain medical devices and
Common Technical Specifications for In vitro
diagnostics (IVDs)

2001 | 2001/104/EC 93/42/EEC Included medical devices which incorporate, as
an integral part, substances derived from human
blood

2003 | 2003/12/EC 90/385/EEC and Reclassifies breast implants into Class 11l

93/42/EEC

2003 | 2003/32/EC 90/385/EEC and Introduces specifications concerning medical

93/42/EEC devices manufactured utilizing tissues of animal
origin

2005 | 2005/50/EC 93/42/EEC Reclassifies total hip, knee and shoulder joints
into Class 111

2007 | 2007/47/EC 90/385/EEC, On approximation of the laws of the member

93/42/EEC, and state, technical revisions and concerning the
98/8/EC placing of biocidal products on the market and
medical device software.

2011 | 2011/100/EU 98/79/EC Added ‘Variant Creutzfeldt-Jakob disease’
(vCJD) assays for blood screening, diagnosis
and confirmation as requested by the UK

2012 | Two new 90/385/EEC, The European Commission adopted a Proposal

regulations, once 93/42/EEC, and for a Regulation of the European Parliament and

adopted, will 98/8/EC of the Council on:

replace the existing i) Medical devices and

three directives. i) In vitro diagnostic (1VD) medical
devices.

2013 | 2013/172/EU 2001/83/EC Provisions on traceability of medical devices and

(Recommendation) in vitro diagnostic medical devices, in order to
improve patient health and safety.

2013 | 2013/473/EU 90/385/EEC, Recommendation aim at ensuring that the

(Recommendation) | 93/42/EEC, and notified body carries out a proper verification of
98/8/EC the fulfilment of the legal requirements by the
manufacturer.

2017 | Regulation 90/385/EEC and A proposal for a regulation on medical devices

(EU) 2017/745 93/42/EEC (“MDR”), to replace the AMDD and MDD

directives
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NB. will only apply
after a three-year
transitional period

2017 | Regulation 98/8/EC A proposal for a regulation on in vitro diagnostic
(EU) 2017/746 medical devices (“IVDR”), to replace the IVDD
NB. will only apply directive.

after a five-year
transitional period

Table 2.6 indicates that there have been significant changes in the regulation of
medical devices in the UK. The significant aspect of the table is the introduction of
major changes in 2007 and the 2012 adoption of a proposal to replace the existing
core directives. In 2007, the European Medical Device Directive (MDD 2007/47/EC)
made fourteen amendments to the original directive (93/42/EEC) that came into force
on March 21%, 2010. A number of these changes directly affect the development of
software for use in healthcare. There are four areas within the amendment of the
MDD (2007/47/EC) with important significance to medical device software

development, which are:

(1) Standalone Software as an active medical device,
(2) Validation of software as an active medical device,
(3) Software localization and,

(4) Safety Classification.

The most significant change in relation to medical device software development is
that standalone software was now seen as an active medical device (McCaffery et al.,
2011). For the first time, software is specifically included in the definition of medical
devices. Prior to the release of the MDD (2007/47/EC) provision had been made
within the MDD (93/42/EEC) for software to be used as a medical device. However,
MDD (2007/47/EC) Article 1 Section 2 made explicit reference to software being a
medical device (European Commission, 2007). The 2007 regulatory changes in
relation to medical device software will be discussed in detail as a case study in

chapter 6.

However, other amendments state that manufacturers are required to appoint
Authorized Representatives to act on their behalf if they are not located in the EU.
The amendments also require that information about the technical factors and

characteristics identified as hazards that can cause risks upon reuse of the medical
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device should be clearly indicated and accompany single-use devices and that
manufacturers must ensure that the Declaration of Conformity and Instructions for
Use are controlled documents in the quality management system of the manufacturer
(European Commission, 2007).

Accordingly, the 2007 changes addressed the information exchange deficiency
throughout the EU, by demanding the all-European information database to begin
working by 2012. These revisions introduced were also some means to help establish
the common vigilance system in Europe (European Commission, 2007). However,
these amendments provoked discussions within the industry as some changes
introduced make the approval process more complicated. Several weaknesses that
undermine the main objectives of the three medical devices directives were identified
in the Commission's 2008 public consultation®. In 2009, the MHRA received 9099
reports of adverse events involving medical devices (MHRA, 2009) including 1885

cases of serious injury and 202 deaths (Thompson et al., 2011).

In 2011, the regulatory framework also came under harsh criticism, in particular after
high-profile cases where too many unsafe medical devices were recalled. In 2010 a
French company producing silicone breast implants (Poly Implant Prothése (PIP))
was found to be using low-grade silicone not conforming to the type specified in the
design and manufacturing files after an increasing number of implant ruptures. The
certification of the implants was suspended and a global backlash of patients and
national authorities followed (Donawa and Gray, 2012). In 2010, the UK’s MHRA
released an alert for patients with metal-on-metal (MoM)> hip implants as the revision
rate was considerably higher than in conventional metal-on-polyethylene implants.
Healthcare vigilance authorities in other countries soon followed (Drummond et al.,
2015). The wear or the joint surfaces against each other would cause metal debris to

chip off over time, which created adverse reactions in the soft tissues and in some

4 In mid-2008, the Commission held a public consultation on the recast of the general regulatory
framework for medical devices. The consultation was published on the Commission's website. During
2009, 2010 and 2011, the issues to be tackled in the context of the revision of the regulatory framework
for medical devices were regularly discussed at meetings of the Medical Devices Expert Group
(MDEG), the Competent Authorities for Medical Devices (CAMD) and specific working groups in the
medical device sector.

5> Metal-on-metal hip implants manufactured by DePuy were recalled worldwide because data from the
National Joint Registry (NJR) of England and Wales showed that more people than anticipated had
experienced problems and required a second hip replacement surgery
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cases, a systemic contamination of blood with metal ions (ibid). In July 2011 U.S.
FDA gave a warning regarding serious complications associated with surgical mesh

for transvaginal repair.

In light of these adverse events, in 2012 the European Parliament adopted a
Resolution of the Parliament®, calling on the Commission to take “immediate action”
and amend the medical device directives in order to make sure that the legislation
would not allow events such as the steps leading to the PIP scandal or controversy
surrounding the MoM hip implants to occur in the future. This was followed by a
swift reaction approach from the EC, who proposed for new medical device
regulation. In 2012, the European Commission (EC) published a proposal to introduce
a new regulatory framework replacing existing medical device directives. In fall of
2013, the European Parliament (EP) amended the proposal to be more rigorous and in
June 2015 the European Council (ECO) presented its amendments based on the two
formers (European Parliament, 2015). After four years of discussions on the expert
level, and after an agreement with the ministers of the member states of the EU, in
June 2016 the consolidated version of the new Medical Device Regulation was
published.

In the EU dialogue about a regulatory agreement, an entirely new approach to
previous regulation of NBs and conformity assessment processes (CAP) was
included. The focus was to tighten standards to the obligations of NBs when
conformity assessing high-risk devices, for instance in the requirement of qualified
employees. This tightening resulted in, among others, parts of the proposal being
implemented to regulation “(EU) No. 920/2013”, as well as the “Commission
Recommendation (of 24 September 2014) 2013/473/EU” on the unannounced audits
and assessments performed by NBs in the field of medical devices. They comprise
regulations pertaining to designation and supervision of NBs by competent authorities
and recommendations to audits and assessments of manufacturers (European

Commission, 2013a).

® Resolution of 14 June 2012 (2012/2621(RSP)); P7_TA-PROV(2012)0262,
http://www.europarl.europa.eu/plenary/en/texts-adopted.html.
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The publicized proposals met with controversy (Cohen, 2013) and raised the
discussions in this study regarding their effect on involved stakeholders. Negotiations
to the content of the regulation have been particularly complicated (Sorenson and
Drummond, 2014). Several changes to NBs legislation directly affected
manufacturers of medical devices. Some significant changes in the proposals were
introduced in the structure and supervision of NBs where previous experiences have
determined deficiencies. These deficiencies include a lack of transparency in NBs’
daily work, concerns about NBs’ competence and their independence against
manufacturers that may affect decisions to CE marking (Galland, 2013). These
challenges have amongst others, resulted in that all NBs will need to apply for re-
designation and be audited for compliance by joint competent authorities from several
Member States (ibid). The requirements of technical, clinical and scientific

competence have so far resulted in suspension or closedown of several NBs.

On April 5, 2017, two new regulations were adopted replacing previous directives.
Regulation (EU) 2017/745 on medical devices replacing Council Directives
90/385/EEC on medical devices and 93/42/EEC on active implantable medical
devices and Regulation (EU) 2017/746 on in vitro diagnostic medical devices
replacing Council Directive 98/79/EC on in vitro diagnostic medical devices. By
shifting from directives to regulations, a wider scope of protection and more effective
implementation of the rules can be ensured. The new regulations will only apply after
a transitional period. Namely, 3 years after entry into force for the Regulation on
medical devices (spring 2020) and 5 years after entry into force (spring 2022) for the
Regulation on In Vitro Diagnostic medical devices (European Commission, 2017).

As the transitional period for the 2017 new regulations has yet to come, this thesis
does not take them into account. However, it is worth mentioning that, while waiting
for the transition period to come to pass, a recent article on faulty medical
implants revealed that, in the UK alone, regulators received 62,000 “adverse incident”
reports linked to medical devices between 2015 and 2018. A third of the incidents had
serious repercussions for the patient, and 1,004 resulted in death (The Guardian,
2018). Adverse events such as these are the ones that call for the need for a better and

enabling regulatory framework in the medical device industry.

31

www.manaraa.com



Medical device regulation has been evolving as a distinct legal framework separate
from the drug structures in the EU since the early 1990s (Altenstetter, 2012). The
regulatory changes have been effective in improving patient safety and enhancing the
provision of satisfactory health care. The changes allowed the notified bodies to be
responsible for their activities (Amoore, 2014), enhanced the conduct of fair and free
trade of the medical devices in these markets and ensured that industries meet the
clinical requirements and manufacture high-quality medical technologies (Cooter et
al., 2015).

2.2.2 The Current State of Medical Device Regulatory Framework in the UK

The current regulatory framework in the UK is characterized by critical market
authority needs; whereby specific requirements are followed by the medical device
manufacturers, sellers, buyers, and the medical professionals using the devices in
hospitals (MHRA, 2016). As stated in the previous section, three overarching legal
directives guide the development of medical devices including classification, CE
marking, quality system requirements, and data requirements in the UK (Chapman et
al., 2014):

e Medical Device Directive (MDD 93/42/EEC),
e Active Implantable Medical Device Directive (AIMDD 90/385/EE), and
e In Vitro Diagnostic Medical Device Directive (IVDMDD 98/79/EC).

Table 2.7 summarizes the three European Council Directives.

Table 2.7: List of the Core European Directives Regulating Medical Devices.
Source: (European Commission, 1990, 1993, 1998)

Year EU Council Description

directive
1990 90/385/EEC The Active Implantable Medical Devices (AIMDD). Covers
all medical devices that are implanted into the human body
and need to use a source of energy that is neither gravity nor

energy from the body.

1993 93/42/EEC The Medical Devices (MDD). Covers the majority of medical
devices.

1998 98/79/EC The In Vitro Diagnostic Medical Devices (IVDMD). Covers

all those products used in vitro for examination of specimens
from the human body and those used as diagnostics to
provide information.

The aim of these core directives is to ensure a high level of protection for human

health and safety and a good functioning of the Single Market (European
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Commission, 2015). In addition, there are also multiple EU guidance documents and
articles governing the processes that contribute to regulatory adherence (European
Commission, 2015; European Commission, 2012). The regulatory framework and
hierarchy for medical devices is illustrated in Figure 2.8
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EU Directives
Council Directive 90/385/EEC on Active Implantable Medical Devices (AIMDD)
- Article 3 Essential requirements
- Article 9 Conformity assessment procedures
- Annex | Essential requirements
Council Directive 93/42/EEC on Medical Devices (MDD)
- Article 3 Essential requirements
- Article 9 Classifications
- Article 11 Conformity assessment procedures
- Annex | Essential requirements
- Annex IX - Classification criteria
Council Directive 98/79/EC on In Vitro Diagnostic Medical Devices (IVDMD)
- Article 3 Essential requirements
- Article 9 Conformity assessment procedures
- Annex | Essential requirements
- Annex Il List of devices referred to in article 9 (2) and (3)

Y

Local Legislation (in the UK)
Medical Devices Regulation 2001/618 (as amended)

L 4

EU Harmonized Standards (and Other Standards)
EN 62304:2006/AMD1: 2015 Medical device software - Software life cycle processes
EN 14971: 2012 Medical devices. Application of risk management to medical devices
EN 1SO 13485:2016 Medical devices - Quality management systems - Requirements for
regulatory purposes
EN 60601 Series of Standards
- EN 60601-1:2006 Medical electrical equipment. General requirements for basic safety and
essential performance
- EN 60601-1-6:2010 Medical electrical equipment. General requirements for basic safety and
essential performance. Collateral standard. Usability

. 4

Guidance
EU MEDDEVs
- MEDDEYV 2.1/5 Medical devices with a measuring function
- MEDDEYV 2.1/6 Qualification and classification of stand-alone software
- MEDDEYV 2.4/1 rev.9 Classification of medical devices
- MEDDEYV 2.14/1 rev.2 IVD medical devices borderline and classification issues

v

Technical information reports
ISO/TR 80002-2:2017 Medical device software - Part 2: Validation of software for medical
device quality systems
ISO/TR 24971:2013 Medical devices - Guidance on the application of 1ISO 14971

Figure 2.8: Regulatory Framework and Hierarchy for Medical Devices in the EU

with the most relevant parts identified.
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Figure 2.8 points out that the directives encourage the use of harmonized standards.
According to Deloitte (2016), the implementation of 1ISO 13485, 1SO 14791 and ISO
62304 can lead to CE-mark approval.

e [SO 13485 provides the comprehensive quality management system
framework for the design and manufacture of medical devices.

e ISO 14791 provides fundamental guidance on a product’s intended use,
determination of potential hazards, risk mitigation, and post-marketing
surveillance methods.

e [SO 62304 lays out a software lifecycle process for medical devices and refers
to ISO 14971 in matters of risk management (IEC, 2017).

Another facet that merits close attention is the guidance documents. The Medical
Device Guidance Documents (MEDDEV) published by the European Commission
are the most used guidelines by the manufacturers of medical devices and they
promote a common approach to the implementation of the procedures. The current
MEDDEYV is part of a set guidelines relating to questions of application of EU
Directives on medical devices. They are not legally binding, but they have been
written in co-operation with EU officials, notified bodies, industry representatives and
many other expert organizations. Many standards need to be taken into account when
developing a medical device especially when software is included and each of them
has a certain viewpoint. Annex C of EN 62304/AMD1: 2015 shows the relationships

between key medical device standards as illustrated in Figure 2.9.
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Figure 2.9: Relationships of key medical device standards. Source (IEC, 2017)

Figure 2.9 shows that medical device management standards such as ISO 13485 and
ISO 14971 provide a management environment that lays a foundation for firms to
develop products. The 1ISO 14971 international standard provides a process to address
risk management related to medical devices, which is included in the harmonized
legal requirements in most countries (International Medical Device Regulators
Forum, 2015). Standards such as IEC 60601-1 and IEC 61010-1 give specific
direction for creating safe medical devices. When software is a part of these medical
devices, IEC 62304 provides more detailed direction on what is required to develop

and maintain safe medical device software (IEC, 2017).

Medical Device classification process

According to the Medicines and Healthcare products Regulatory Agency (MHRA),
manufacturers must demonstrate compliance of their medical devices to the essential
requirements described in the applicable directive (MHRA, 2016). The level of
controls needed for conformity depends on the risk that the use of the device may

pose. But first, it must be determined which of the three medical device directives
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apply.

Following the device type and thus the directive under which the device falls has been
determined, the device classification needs to be determined. The class of the device
determines the rigor of the conformity assessment procedures. The devices are
classified according to criteria such as the degree of invasiveness, mode of action,
impact on the body. Table 2.8 summarizes the medical device classes.

Table 2.8: Medical Device Classification by Directive. Source: (Bastawrous and
Armstrong, 2013).

EU Council directive Device classification

90/385/EEC No classes
Active Implantable Medical Device
directive (AIMDD)

93/42/EEC Class IlI
Medical Devices Directive (MDD). Class lla
Class Ilb

Class I (Class Is with sterile components,
Class Im with measuring function)

98/79/EC Annex Il list A devices
In Vitro Diagnostic Medical Devices Annex Il list B devices
(IVDMD) Self-testing devices

Other devices

Table 2.8 show that the Medical Device Directive defines four classes, and each
group has different criteria that must be met in order to receive a CE mark of
conformity. Low-risk device (class 1) manufacturers may register with the MHRA and
make a declaration that the product meets the statutory requirements to receive the CE
mark. Class | has the loosest requirements. Medium-risk (classes Ila and Ilb) and
high-risk (class Il1) devices must meet a more stringent criterion (see (European

Commission, 2010) for full classification rules).

Obtaining a CE mark for medium-risk devices involves a declaration by the
manufacturer that the product conforms to the provisions of the medical device
regulations and the relevant essential requirements. Once products bear this mark,
they can be marketed in all member states of the European Economic Area (EEA) and
other countries that recognise the above-mentioned directives for medical devices.
High-risk devices generally require clinical trials to demonstrate their safety. In order
to conduct a trial in the UK, the MHRA has to agree to such trials (MHRA, 2016).
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Post market surveillance

Once a device is on the market, “manufacturers are required to implement a vigilance
program according to National requirements, which includes reporting serious
incidents to the relevant Competent Authority” (Sorenson and Drummond, 2014, p.
121). In the UK, this information is collated into a central database, the European
Databank on Medical Devices (Eudamed). In addition to vigilance information,
Eudamed contains data on manufacturers, certificates issued, modified, suspended,
withdrawn or refused, and clinical investigations (Kramer et al., 2012). The use of
Eudamed has been mandatory since 2011. The SA medical device industry profile is

discussed in the next section.

2.3 South Africa Medical Device Sector
Size of the market

SA’s medical devices market was estimated at USD1.2 billion in 2014 and is forecast
to grow at a USD billion 2014-2019 Compound Annual Growth Rate (CAGR) of
2.2%, which will see the market reach USD1.3 billion in 2019 (BMI, 2016a). South
Africa’s trade of medical devices experienced strong growth from 2004 to 2013. Over
the ten-year period both exports and imports were at their highest level in 2013. South
Africa’s exports increased by 41% in 2013, while imports increased by 13% (BMI,
2016a). This is a clear indication of the high global demand for South Africa’s
medical devices. The South African medical device market is well established in
terms of the number of companies registered to sell medical devices, revenue
generation and technology uptake, especially in the private sector (Friderichs, 2012).
However, the wide diversity of product availability does not match local
manufacturing and R&D capacity (Knijn and Patel, 2012). A study conducted by
KPMG, (2014) indicated that the average revenue for MNCs was USD 20 million per
annum, per company and USD5 million per annum for local medical device
companies. The KPMG study also highlighted a company revenue split between
multinationals and local companies as demonstrated in the Figure 2.10:

38

www.manaraa.com



R 1 200 000 000

Average revenue per company: Average revenue per company:
R 1 000 000 000
R283 million or R75.2 million or
R 800 000 000 USD 20 million per annum USD 5 million per annum
R 600 000 000
R 400 000 000
o |‘||I H‘l
RO |I|IIIIIIII III'.I----
| 1
L "|' y
Multinationals Local companies

Figure 2.10: Revenue per Company split between Multinationals and Local
Companies. Source: (KPMG, 2014)

The difference of revenues between MNCs and SA local companies is commonly
attributed to the high entry barriers for the high-end medical imaging market:
producing more technologically advanced devices is capital-intensive, require lots of
technical knowledge and generally has a long time to market (KPMG, 2014). The
medical device market derives most of its revenues from clients in the private sector
(70%) when compared with clients in the public sector (30%) and the industry
employs over 3 600 people (KPMG, 2014). SA imports 90% of medical devices used
in the local market. An analysis of international trade flows of medical devices shows
that the gap between imports and exports widened between 2004 and 2013 (SAMED,
2016). An estimated sales value of selected SA medical devices in 2015 is presented

in Figure 2.11 below.
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Figure 2.11: SA’s 2015 estimated sales value of selected medical devices. Source:
(BMI, 2016a)

As Figure 2.11 shows, the products highlighted in red comprises electromagnetic
medical devices or radiation emitting devices, the only categories of devices that are
currently regulated and have high technical barriers in SA. The effects of the
regulatory changes of these devices will be analysed in-depth in Chapter eight. In
2015, Syringe, Needle and Catheter, Electro-Diagnostic and Imaging Parts and
Accessories were the top three segments that together hold more than half of the total
South Africa medical device market share (BMI, 2016a).

Leading SA medical device industry players

Currently a significant proportion of firms that occupy the SA medical device
industry are MNCs such as Johnson and Johnson, Medtronic, GE healthcare, Siemens
Healthcare and Philips Healthcare. Typically, these MNCs depend on their parent
company to develop new products using R&D resources close to headquarters. Few
MNCs have in-country control of their product development activities and spending
on research and development (R&D) is inadequate (SAMED, 2016).

Other key players within the medical device industry in SA include the National
Department of Health (NDoH), Medicines Control Council (MCC), the Department
of Trade and Industry (DTI), the Technology Innovation Agency (TIA), SABS,
PATH, Medical device companies, Industry Associations, Global Health Innovation
Accelerator (GHIA), Medical Research Council (MRC).
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SA’s innovation ecosystem

The medical industry in SA has not been very strong for a variety of reasons. It lacks
a continuing pipeline of local production, scientific and technical status, and has had
difficulty in attracting qualified employees. South Africa benefits from a legacy of
health technology innovation, such as that by Nobel Prize winner (1979) Allan
MacLeod Cormack for the theoretical work enabling the development of X-ray
computerised tomography (CT) and by Dr. Christiaan Barnard’s first human to human
heart transplant in 1967. Regrettably, the benefits of all these historical advances have
not been equally spread. The country has instead, developed a distribution
infrastructure based primarily on imported medical devices. The local device and
diagnostics sector has not yet reached critical mass as a supplier to either South
Africa’s public health system or as a contributor to the international market. This is in
contrast with the local pharmaceutical industry, which with multinational
engagement, local manufacturing and distribution, accounts for more than 70 percent
of Sub-Saharan Africa’s annual pharmaceutical production (SAMED, 2016).

2.3.1 Evolution of Medical Device Regulations in SA

In the 1990s, South Africa undertook radical changes in the political and economic
framing conditions of its innovation systems (OECD, 2007). The evolutionary
national innovation system review of SA by OECD pointed out that the dynamics of
the country’s system involved not only steady expansion and incremental evolution of
structures and institutions but also a radical transformation under a unique set of
constraints and opportunities (OECD, 2007).

At present, only electromagnetic medical devices or radiation emitting devices are
regulated through the Hazardous Substances Act, No. 15 of 1973 (RSA DoH, 1973).
Early studies on X-rays such as one done by Mole (1990) recognised that chronic
exposure to lower levels of radiation may result in cancer. However, the use of X-rays
plays an indispensable role in the clinical management of patients. Concerns about the
possible effects of exposure to radiation on the human body were raised to a high
level during the 1980s and 1990s, therefore driving the need to propose basic safety
standards to control and limit exposure to such radiation (Herbst and Fick, 2012). The
Department of Health (DoH) in South Africa then, through its Directorate: Radiation
Control (DRC), adopted the radiation safety standards. In addition, the Ministry of
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Health is mandated to administer the Hazardous Substances Act of 1973 by granting,
suspending or revoking licenses to importers, manufacturers and users of electro
medical products (X-rays). The license is issued if the product and usage comply with
legislative and international requirements for safety and performance (Herbst and
Fick, 2012).

In 2014, South Africa published for public comment draft regulations designed to
regulate all health products, devices and pharmaceuticals (SA Government
Communications, 2014). The draft regulations include a provision for a four-tiered,
risk-based classification system of medical devices and in vitro diagnostic medical
devices (IVDs); the Medicines Control Council (MCC)’ would determine the
classification of devices. The regulations would require the registration of all devices
with the MCC before they can be sold or used in South Africa.

While the draft regulations did not appear to impose a specific time frame for the
completion of a regular registration process, they would permit expedited registration
of devices if for example; the medical devices in question are in short supply or are
unavailable. In these instances, the MCC is required to inform the applicant of its

decision within nine months of the receipt of the application (Deloitte, 2014).

The proposed new regulatory framework was leaning towards European Community
guidelines. Products would need to carry the CE mark in addition to FDA approval.
The exception is electro-medical devices (radiation emitting devices), which are
regulated by the South African Health Ministry: Directorate Radiation Control. FDA

approved only devices will no longer be acceptable.

In order to rectify some of the inefficiencies of the MCC, a Medicines and Related
Substances Bill was considered by parliament to transform MCC into a new entity
called the South African Health Products Regulatory Agency (SAHPRA) and extend
the mandate to include medical devices, including in-vitro diagnostics. Some of the
proposed medical device legislations for SAHPRA include regulation for licensing,

device classification and labelling regulations (SAMED, 2016).

7 The Medicines Control Council (MCC) is a “statutory body that regulates the performance of clinical
trials and registration of medicines and medical devices for use in specific diseases.”
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2017/18 was a landmark year in which medical technology devices and their products
became subject to statutory regulation for the first time in South Africa’s democratic
era. The Medicines and Related Substances Act of 2015, promulgated in June 2017,
along with regulations on medical devices that preceded it, paved the way for medical
technology and 1VD manufacturing and distributing companies to be licensed by
August 2017, while wholesalers were given until February 2018 to lodge applications
for licensing. Compliance with these developments and implementation of licensing
requirements created a fair degree of uncertainty among our members. The
regulations still require some adjustment to align with the amended Medicines and
Related Substances Act of 2015, which was promulgated in June 2017. The evolving
amendment of South Africa’s public Act is presented in Table 2.9 below.

Table 2.9: List of the SA’s Core Public Health Acts and their Subsequent
Amendments. Source: (SAMED, 2016)

New/Amended  Old/Original Description
Act Act
1919 Public Health | South Africa’s first national public health measure.
Act of 1919
1971 | Public Health Public Health | The legislative control of electronic products the first time
Amendment Act | Act of 1919 | introduced.
of 1971 Added section 133A to the Public Health Act of 1919,

allowing the Minister of Health to make regulations
mandating the Secretary of Health to grant, suspend and
revoke licenses in respect of electronic products and
prescribe conditions and requirements for the categories of
electronic products, premises and persons in control of the
equipment.

1973 | The Hazardous | Public Health | Comprehensive regulations concerning the use of X-ray
Substances Act, | Amendment | equipment in terms of the 1971 Amendment Act. These

1973 Act of 1971 | regulations pertaining to hazardous substances are still in
force
1992 | Hazardous Repeal of Control and division of substances or products into groups
Substances section 133A | in relation to the degree of danger. Substances included

Amendment Act, | of Act 36 of those which may cause injury or ill-health to or death of
No. 53 of 1992 1919, and Act | human beings by reason of their toxic, corrosive, irritant,

42 of 1971 strongly sensitizing or flammable nature.

2008 | Medicines and e The main aim of the act was to register medicines,
Related products, medical devices, certain foodstuffs and
Substances cosmetics
ﬁ}n;%%%mem Act e Although the Act has yet to come into operation, the

new regulator (the South African Health Products
Regulatory Authority (SAHPRA)) was expected to
have started functioning in April 2012 and is destined
to replace the Medicines Control Council (MCC)

2014 | Proposed draft Medicines Concerns the applications to import, export, manufacture
for public and Related | and supply medical devices and IVDs. The key elements of
comment Substances the regulatory control of medical devices and IVDs
Medicines and Act, 1965 include:
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Related (Act101of |e Requirements for a person or entity to hold a license to

Substances Act, | 1965) manufacture, import, export, wholesale and or

1965 (Act 101 of distribute a medical device and or IVD in South Africa.
1965 as e Product requirements for quality, safety, and

amended) performance.

e Options as to how compliance with the Essential
Principles can be demonstrated.

e Ongoing monitoring of medical devices & IVDs that
are available on the market.

e Regulatory controls for the manufacturing processes of
medical devices& IVDs.

e Avrange of corrective actions that may be taken if there
is a problem with a medical device or IVD.

2017 | The Medicines | Amended e Landmark year in which medical technology devices
and Related Medicines and their products became subject to statutory
Substances Act and Related regulation for the first time in South Africa’s
72 0f 2008 and | gybstances democratic era.

Act 14 0f 2015, | Actof 2015 |  Provides for the establishment of a new regulatory
promulgated in authority (SAHPRA)
June 2017 e Provides for the transition of MCC to SAHPRA

e  Provides for expansion on the regulatory oversight of
Medical Devices

e Provides for the licensing of Scheduled substance
Manufacturers and Wholesalers

e Promulgation: June 2017

As Table 2.9 shows, there has been a steady evolution and implementation of the
country’s regulatory system. From 1973 to 2017, SA was relying only on the
regulations concerning the use of X-ray equipment in terms of the 1973 Act. The
South African medical device sector is now in a transition phase. The first phased
implementation of the new regulatory changes was clinical trials. As of 1 June 2017,
all protocols for clinical trials with medical devices must be approved by SAHPRA
prior to initiation of the trial (SAMED, 2018).

Importantly, the end of the transition period will not mark a point when the regulatory
environment for medical devices is complete, for managing such a large and vast field
as medical devices will always be work in progress, but it will nevertheless introduce
a considerably higher level of quality to the management of medical devices in SA
than ever before. The next section briefly compares the UK and SA regulatory

frameworks.

2.3.2 The Current State of Medical Device Regulatory Framework in SA
South Africa does not have a comprehensive regulatory framework governing

medical devices. As mentioned before, at present, only listed electronic products (also
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known as electromagnetic medical devices or radiation emitting devices) are
regulated through the Hazardous Substances Act, No. 15 of 19738 and must be
registered (CE certification) before they can be sold, leased, used, operated, or applied
in South Africa (DoH South Africa, 2014).

The interpretation of the Hazardous Substances Act and Regulations by the
Directorate Radiation Control DRC are described in the Code of Practice,
Requirements for quality control tests and guideline documents from the DRC. The
Code of Practice document (DRC 2011) provides references and refers readers to
guideline documents and also provides a link to the DRC website®. The regulatory
framework and hierarchy for radiation-emitting medical devices in SA is illustrated in
Figure 2.12.

8 Hazardous Substances Act, No.15 of 1973, available on the University of Pretoria website, at
http://www.lawsofsouthafrica.up.ac.za/index.php/browse/medical-and-health/hazardous-substances-
act-15-of- 1973/act/15-0f-1973-hazardous-substances-act-24-feb-2000-to-date-pdf/download.

® The SA DRC website: https:/sites.google.com/site/radiationcontroldoh/.
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Republic of South Africa Government
-Hazardous and Substances Act No 15
-Regulations concerning the control of electronic products (Regulation R1332)

v

Directorate Radiation Control (DRC) licensing conditions
-Code of Practice for users of medical X-ray equipment (DRC 2011)
-Requirements for license holders with respect to quality control tests for diagnostic
X-ray imaging systems (DRC 2012)

v

DRC Guideline documents
-Medical examinations for radiation workers (10/2009)
-Request for medical X-ray examinations (10/2009)
-Holding of patients during X-ray procedures (10/2009)
-Patient dose measurements in diagnostic radiology (10/2009)

-Bone densitometer — shielding, monitoring and positioning of operators (10/2009)
-Reducing radiation risk from computed tomography for pediatric and small adult
patients — (10/ 2009)

-Regulatory control of X-ray equipment used in the mining industry in South Africa to
screen workers for security purposes (30/11/2011)

-Monitoring of radiation workers in a theatre (11/2011)

-Radiation monitoring requirements and Radiation occurrences (11/2011)
-Display and format of radiation warning signs at entrances to rooms containing X-ray
units
-Minimum requirements for fixed diagnostic X-ray installations
-Personal monitoring when a lead rubber apron is worn — medical and veterinary use
of X-ray equipment
-Protective Clothing
-Management of pregnant radiographers and other staff members
-Dental radiography
-Radiation protection of personnel in theatre
-Design of X-ray rooms

Figure 2.12: Regulatory Framework and Hierarchy for Radiation-Emitting
Medical Devices in SA with the most relevant parts identified.

The contents of regulations (Regulation 1332) pertinently indicate that a holder of a
license shall be accountable for the all-inclusive scope of radiation protection. The

requirements contained in the mentioned document include:

1. “Effective protection organization and continual conscientious regard for optimum

methods of working with particular reference to routine operations;

2. Technical investigations to ensure reliability and overall technical excellence of

equipment, buildings and interlocks;
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3. The display of appropriate warning signs or notices which are easily intelligible to
all persons, at the entrances to or at appropriate places in all areas where persons may

enter and may be exposed to ionizing radiation; and

4. Ensuring that radiation workers and members of the public are subjected to
minimal risks from radiation exposure and that the maximum permissible doses and
dose limits are not exceeded” (RSA DoH, 1973).

The licensing of medical equipment is subject to the prescribed conditions, the
Director-General may in each case, issue to any person a license to sell, let, use,
operate, install or apply any Group 111 hazardous substance. The refusal or granting of
a license will be notified in writing. Non-compliance with prescribed conditions will
result in the suspension or cancellation of licenses (Doh South Africa, 2012).
Inspectors are appointed and certified to indicate for which groups of hazardous
substances they have been thus appointed. The powers of inspectors are prescribed
with clear reference to inspection, entrance to premises, demanding information and

placement of a restriction.

The applicant for the license must be knowledgeable and experienced regarding the
basic principles of radiation protection in general, as well as radiation protection as
applicable to the installation. Although the licensee may appoint a medical physicist
as the "responsible person”, not all practices have the luxury of having the benefit of
this essential service. An inspector must be allowed to confirm evidence of
compliance, therefore manufacturers and suppliers as license holders must be
equipped with the knowledge and skills to be able to meet the stipulated requirements
(BMI, 2016a).

The researcher includes the Code of Practice for users of medical x-ray equipment
(DRC 2011) document as part of this thesis for information purposes in order for the
reader to be acquainted with the current interpretation of DRC regarding the
Hazardous and Substances Act as well as Regulation 1332. The content of the Code
of Practice, Act and regulations will be further presented in detail in chapter seven in
order to ascertain their impact on medical devices manufactures involved in radiation

safety in SA.

Another guidance document significant and very relevant to this study is requirements
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for license holders with respect to quality control tests for diagnostic X-ray imaging
systems (DRC 2012). The DRC published a second document that is provided as part
of the diagnostic license conditions with respect to quality control (QC) tests in order
to outline the requirements for the acceptance- and quality control tests of diagnostic
X-ray equipment. As from 31 March 2009 an Inspection Body (IB), approved by the
Department of Health (DoH) or an appropriately trained professional registered with
the HPCSA as a medical physicist, must be used to perform all the acceptance tests as
well as the routine tests. The significant aspects of these requirements for Quality
Control Tests Document include the requirement of the license holder to acquire the
relevant quality control manuals or compile in-house written protocols, which
describe each test step by step to ensure that QC tests listed in the Requirements for
Quality Control Tests Document are correctly performed. The quality control tests are
influenced by the age, stability, make, model, etc., of the equipment, but must be
performed at the prescribed frequencies as specified in the Requirements for Quality
Control Tests document. The image display monitors and reporting monitors must
comply with the requirements in of the said document (Doh South Africa, 2012).

South Africa currently has no mandatory quality standard for medical devices other
than those of a radiation emitting nature. Currently, all such regulation is left to the
discretion of individual procurers. In order to rectify this, the introduction of an
internationally graded and compulsory Quality Management Standards (QMS) needs
to be introduced as like the standard for most of the developed countries. This, in turn,
will prevent substandard products from entering the healthcare market and equalize
opportunities for local manufacturers whilst ensuring patient safety (Deloitte, 2014).

There is little enforcement, verification or validation of compliance of all other
medical devices with the exception of those of a radiation emitting nature. This has a
negative effect of allowing products of a sub-standard quality to enter the market
impacting patient safety and undercutting the local manufacturing industry and thus

inhibiting upgrading and development of local industry (SAMED, 2016).
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2.4 Comparative Summary of the UK and SA Medical Devices Markets and
Regulatory Frameworks

This chapter has provided some historical background and structural information of
the UK and SA medical device markets and regulatory frameworks. The UK medical
device industry is one of the most competitive in the world, recognized for its ability
to continually design, develop, and place innovative medical devices in the UK and
foreign markets (BMI, 2016b). This can be attributed in part to a higher level of R&D
investment and greater availability of venture capital, compared with the SA industry,
which lacks government support and funding in the areas of R&D and technological
development (Deloitte, 2014).

Compared to the UK, which has a robust local product development capability and
strict regulation (BMI, 2016b), the SA medical device market is supplied primarily by
imports and has limited regulation requirements, providing excellent opportunities for
foreign device manufacturers. Despite the milestones in healthcare provision, the UK
and SA healthcare technologies are not easily affordable because of their increased
costs associated with R&D, approval, compliance, and quality control. To that end,
this study aims to further examine the impact of regulatory changes on industrial
capabilities and development of affordable medical devices for the local population in
the UK and SA. A summary of the key factors associated with the two countries’
medical device sectors is presented in Table 2.10 below.
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Table 2.10: Comparative summary of the UK and SA Medical devices markets and regulatory frameworks
Area of

comparison UK SA
Medical Estimated at USD11, 3 billion in 2014 and is forecast to grow at | Estimated at USD1.2 billion in 2014 and is forecast to grow at a US$
device market | a US$ billion 2014-2019 CAGR of 5.1%, which will see market | billion 2014-2019 CAGR of 2.2%, which will see market reach
growth reach USD14.5 billion in 2019. USD1.3 billion in 2019,
Export trade UK exported medical devices to the SA worth approximately SA exported medical devices to the UK worth approximately US$32.1
status US$ 228 million between the period 2004 and 2013. million between the period 2004 and 2013,
Regulatory e Operates under the three core EU directives of the 1990s. e At present, only electromagnetic medical devices or radiation
framework e The framework has often been viewed as superior to many emitting devices are regulated through the Hazardous Substances
countries, given its somewhat faster regulatory process for Act, No. 15 of 1973.
devices and earlier access to some high-risk technologies e Considered to have had a relatively ‘good’ system of electro-

medical device regulation in place, which started in 1971
compared to the rest of the African countries

Regulatory e The 1990s three main directives have been supplemented over e The Public Health Act of 1919 which is country’s first national public
changes time by several modifying and implementing directives, including health measure has also been supplemented over time by amendments
the last technical revision brought about by the MDD 2007/47/EC such as Public Health Amendment Act of 19712 and the last technical
e Since September 2012 the UK through the European Commission revision concerning the use of X-ray equipment brought about by The
adopted and have been debating a new proposal to reform current Hazardous Substances Act, No. 15 of 19733
regulation of medical devices, and, once adopted, will replace the | e  Since 22 April 2014%, South Africa published for public comment draft
existing three device directives regulatory changes designed to regulate all health products, devices and
e On April 5, 2017, two new regulations were adopted replacing pharmaceuticals
previous directives. e Act 14 of 2015, promulgated in June 2017

10 Medical device market growth figures source: (BMI, 2016a: 2016b) reports.

11 Export trade figures source: (Deloitte, 2016).

12 SA Government. Act no 42: Public Health Amendment Act. (GN 888 in Government Gazette 3119 of 26/5/1971).

13 SA Government. Regulation R1332: Regulations concerning the control of electronic products. (GN R1332 in Government Gazette 3991 of 3 August 1973).
14 Government Gazette No 37579 of 22 April 2014 — Notice R 315 “Medicines and Related Substances Act (101/1965).
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What stands out in this table is the dominance of the regulatory frameworks and the
constant changes associated with them. The constant regulatory changes have been
influenced by the need to improve societal safety (Sorenson and Drummond, 2014).
The scandals witnessed in the UK related to the usage of the medical devices, such as
hip replacement and breast implants were key drivers of regulatory change (Cohen,
2012). In contrast, SA regulatory changes came about as a result of concerns about the
possible effects of exposure to radiation on humans (Herbst and Fick, 2012). The
processes that also drove regulatory changes included; the process of ensuring
consistency amongst EU member states in the recognition of notified bodies, process
of better coordination in the supervision of notified bodies; use of unannounced
checks of manufacturer premises by notified bodies, improving vigilance systems and
leveraging tools for traceability of medical device (European Commission, 2012)*°.

The increased demand for the health technologies led to changes in how the devices
are manufactured and the rules followed in the supply of those devices in the market
(Seedat and Rayner, 2012). The changing law associated with medical care provision
and the complaints raised by health consumers following poor health care services
remains other drivers to change. As such, there is a gap in our understanding of the
processes of market entry and how regulatory changes impact efforts to make
affordable healthcare technologies in general and medical devices in particular,
available in both advanced and developing countries. For this reason, this study aims
to help bridge the gap left by the previous studies. The next chapter provides a critical
evaluation of existing literature focusing on healthcare technology and medical device

regulation.

15 (For specific regulatory changes see ec.europa.eu/health/medical-devices/documents/revision/)

51

www.manaraa.com



CHAPTER THREE
LITERATURE REVIEW

3.0 Introduction

This current chapter will present a critical evaluation of literature on health
technology regulation in general and medical device regulation in particular to situate
this research in the context of this literature. Particular emphasis is placed on literature
on medical device regulation in both advanced and developing countries. In addition,
literature on the effects of regulation on the industry is also examined. A summary of
the key issues raised in each part of the literature review will be provided such that

knowledge gaps will be identified and presented.

3.1 Regulation and Technological Capabilities: Health Technology Regulation in
Advanced Countries

As described in chapter one, health technologies include medicines, medical devices,
assistive technologies, techniques and procedures developed to solve health problems
and improve the quality of life (Liaropoulos, 1997, WHO, 2011a). Such technologies
play a major role in contemporary health care systems and contribute directly to the
quality of patient care (Cohen, 2012). However, the use of health technologies entails
some considerable risks to human health (Altenstetter, 2008). Regulation is therefore,
one mechanism to help balance the benefits and risks of new devices (Sorenson and
Drummond, 2014). Regulation influences the way in which healthcare technologies
are tested, commercialized and innovated, how producers and consumers interact, and
ultimately contribute heavily to the institutional structure and the innovation dynamics

of the medical device sector (Bloom et al., 2014).

3.1.1 Regulation and Technological Capabilities: Insights from the
Pharmaceutical Industry

Health technology regulation has a long and significant history in national and global
health policies (WHO, 2011a). Since the beginning of the 21% century, academic and
policy research interest in health technology regulation has elevated and become more
visible. However a majority of studies in advanced countries have concentrated
mainly on effects of regulation on pharmaceutical markets with regards to product
safety, drug development costs, patent life, and other issues including (Abraham and
Davis, 2005, Grabowski and Wang, 2006, Katz, 2007, Chowdhury, 2013, Cullmann et
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al., 2012, Eisenberg, 2012, Griffin et al., 2013, Tobin and Walsh, 2008, Smith, 2005,
Wood, 2010). These studies discuss various negative and positive influence of

regulation on the pharmaceutical industry.

The negative influence of regulation includes the contention by Griffin et al. (2013)
that the tightening of regulation for pharmaceuticals in advanced countries such the
US and the UK has at least doubled the cost of new product development in the last
two decades. In a study exploring European regulation and the effect on regulatory
uncertainty in the marketing authorization of medical products, Chowdhury (2013)
argues that the health technology industry exhibits high level of regulatory uncertainty
that undermine the effectiveness of the regulatory framework. The study found that
although the sources of uncertainty varied across sectors, firms developed complex
compliance strategies that allowed them to tolerate and in certain circumstances even
circumvent regulatory uncertainty. Equally, Grabowski and Wang (2006) found that
the direct effect of regulation on some (typically smaller) firms ultimately causes
some of them to exit the industry. However, Eisenberg (2012) argues that the indirect
effect on the industry is that the remaining incumbent firms benefit from reduced
competition and increased revenues. Eisenberg further argue that the patent system
works in tandem with drug regulation to defer market entry by competitors, thereby
preserving profitable exclusivity in the market for a new product more effectively

than patents could do without the regulatory assist.

On the positive side of the impact of regulation, Abraham and Davis (2005) found
that firms in the US pharmaceutical industry had fewer product safety withdrawals
because the regulatory agency applied more stringent pre-market review, which took
longer than UK regulatory checks, but prevented unsafe products marketed in the UK
from entering the US market. Katz (2007) argued that the regulatory review of new
drugs is an efficient mechanism for assuring the quality of medicines. Similarly, this
points to the argument by Tobin and Walsh (2008) that drug regulation can provide
the quality assurance necessary to persuade consumers to purchase drugs and increase
the expected returns from innovation. In this sense, the regulatory framework is not
solely a burden imposed on the industry but it also provides a valuable service to the
industry (Katz, 2007).
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3.1.2 Regulation and Innovation: Insights from Emerging Health Technologies

Some studies have looked at emerging health technologies regulation, such as
nanotechnologies, that are posing significant challenges to regulatory governance due
to the uncertainties of development trajectories, product properties, and potential risk
problems (Paradise et al., 2008, Dorbeck - Jung et al., 2010, Bannister and Wilson,
2011). Due to the complexity, ambiguity, and uncertainty of risk problems,
Dorbeck - Jung et al. (2010) noted that governments and regulators appear to have the

unenviable task of balancing innovation and benefits against scientific uncertainty and

the need for risk management.

Paradise et al. (2008) argued that medical innovations using advances in
nanotechnology are confusing the existing product classification scheme. This is
because many products containing nanomaterials fall into the so called “combination
products” or products in “borderline cases” involving medicinal products, human
tissues and cells, or biocidal products, that are classified according to their “primary
mode of action”. In the European Union, the study of the Working Group on New and
Emerging Technologies in Medical Devices (2007) concluded that existing legislation
is adequate to deal with nanotechnology-based medical devices. However, devices
presenting risks associated with nanomaterials have to be subjected to a systematic
pre-market review (European Commission, 2008). Bannister and Wilson (2011)
explore the relationship between emerging technologies, citizen autonomy and the
regulatory state. They argue that technology already enables a significant increase in
the level of governmental interference in and control of the lives of citizens. They
outline two frameworks: the activating state, and the regulatory state to analyse
possible developments and their implications. Many researchers have agreed that
there are inherent limitations and challenges to regulation in practice, given the
multiplicity of available health technologies (Faulkner, 2012, Chowdhury, 2013).

3.1.3 Health Technology Regulation and Innovation in Production

The influence of regulation on health technology production, innovation
entrepreneurship and small businesses in general has attracted some attention
(Herzlinger, 2006, Blind, 2012, Tait et al., 2017). Firms see regulation as one of the
core factors influencing the innovation process (Herzlinger, 2006). Most studies have

looked at the impact of regulation on innovation in quantitative terms, for example,
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examining the number of patent applications (Golec et al., 2010, Mayfield, 2016) or
the number of new products introduced (Nemet, 2009). Golec et al. (2010) found that
policy uncertainty related to price controls can reduce R&D spending well before the
regulation is in effect, but also change the nature of innovation from developing
expensive breakthrough drugs to cheaper patentable innovations that do not require

heavy R&D investment.

Tait et al. (2017) conducted a study on the role regulations, guidelines and standards
on innovation. The study argues for deregulation and support for the short-term
interests of businesses by making “governance systems more proportionate and
adaptive to the needs of innovative technologies” (Tait et al., 2017, p5). The study
proposes a responsible innovation framework tailored to companies, which presumes
that companies can be certain about the risks and benefits of their products, and
certain about public concerns. Blind (2012) embarked on the study to find out what
types of institutions affect innovation. The author identified six types of institutions,
including competition legislation, price controls, product legislation, environmental
laws, intellectual property rights and legal and regulatory frameworks; and adopted
the endogenous growth approach as a conceptual analysis to examine the impact of
the different types of institutional settings on innovation. Blind (2012) argued that,
although regulation, innovation, and competitiveness in global health technology
markets have been discussed for several decades, little progress has been made to
understand the effect of regulation on the ability of industries to innovate. To fill this
gap, the current study examines how regulatory changes enables or, in contrast,
constraints innovation in production of affordable healthcare technologies in the UK

and SA industries.

3.1.4 Health Technology Regulation and Market Entry

Previous regulatory studies have shown that the majority of health technologies
require regulatory approvals before entering the market (Abraham and Davis, 2005,
Cullmann et al., 2012). However, some researchers have argued that there have been
high regulatory barriers to market entry, such as the number of procedures, extended
approval timeframes and the compliance costs (Chataway et al., 2007, Faulkner, 2012,
Kramer et al., 2012a). Previous studies have also noted that high health technology

regulatory entry barriers have a strong influence on the industry capability, reducing
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productivity, employment and increasing labour costs (Tobin and Walsh, 2008),
decreasing research and development (R&D) efficiency and hindering innovation
(Cullmann et al., 2012). Griffin et al. (2013) postulate that new cost-effective health
technologies have a substantial impact on patient quality of life, the health budget,
and the wider economy; therefore, slow uptake means these important benefits are
delayed. Some researchers suggest that governments seeking to promote new health
technologies should focus on the longer-term effects of the regulations on the industry
(Wood, 2010, Smith, 2005). Furthermore, as new health technologies are largely
driven by competition, the governments should seek to lower the barriers to entry for

new companies (Preissl, 2000).

The pharmaceuticals are not the only sector in which research on health technology
regulation would be of interest. However, the pharmaceutical industry is closely
related to the medical device industry. It is also the industry for which a
comparatively rich literature is available. While the pharmaceutical and medical
device industries are related, the industrial dynamics are not necessarily similar
(Wood, 2010, Chowdhury, 2013). A detailed assessment of the medical device

industry, and particularly the high-risk sector, will thus provide additional insights.

3.2 Medical Device Regulation in Advanced Countries

The regulation of medical devices is a vast and rapidly evolving field that is often
complicated by legal technicalities (WHO, 2011b). Over the past twenty years, there
has been an effort to study medical device regulation in advanced countries, however
the studies are very few compared to those that have focused on pharmaceutical

regulation.

3.2.1 Medical Device Regulation and Innovation in Production

Some studies have appeared examining the effects of regulation and regulatory
change on innovation in the medical device sector (Crafts, 2006, Curfman and
Redberg, 2011, Faulkner, 2009, Bergsland et al., 2014, Bloom et al., 2014, Guerra-
Bretafia and Florez-Rendon, 2018, Davey et al., 2011). The literature about the impact
of medical device regulation on innovation discusses and focuses upon concepts such
as resource scarcity, allocation, and exchange. Crafts (2006) notes that, regulatory

constraints influence innovation in two different ways. First, regulatory changes are
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associated with different costs. Second, regulation may potentially enable innovation
by providing larger expected profits (Crafts, 2006). However, Craft argues that the
larger expected profits could either be associated with a higher level of production
output or come from the regulatory effect on the potential entry of the products.
According to Faulkner (2009) the most obvious cost of regulation is that productive

resources are used for compliance rather than for product output.

Faulkner (2009) addresses the role that regulation plays in processes of technological
innovation. The study provides a view that regulation 'lags behind' innovation.
Conversely, Bergsland et al. (2014) found that the introduction of innovative medical
devices to the health service is slower than for other consumer products due to the

regulatory barriers to innovation.

Davey et al. (2011) argues that open innovation models can allow medical devices
firms to manage the ideas of multiple stakeholders and lower existing barriers for
reaching the market more quickly. Successful case studies exist of collaboration
between academia, health institutions, industry and regulatory agencies for
developing innovative medical devices (Bonutti et al., 2008, Courvoisier, 2016,
Markiewicz et al., 2017), overcoming the barriers to innovation in medical products

by coordinated efforts among critical stakeholders.

In a recent study on innovation under regulatory uncertainty: evidence from medical
technology, Stern (2017) considers that the regulatory process strongly affects market
entry patterns of the small firms and that they are less likely to be pioneers in new
devices because of the relatively higher costs of doing so for more financially
constrained firms. In this study we will contribute to the existing literature by
considering how regulation influence of the entire cycle of innovation, which includes
resource allocation for the innovation process, the innovation process itself,

production, firm linkages and the sales/use of final products

3.2.2 Medical Device Regulation and Patient Safety Concerns

Some studies gave attention to patient safety concerns, product recall and regulation
(Heneghan et al., 2011, Thompson et al., 2011, Cohen, 2012, Zuckerman et al., 2011).
Heneghan et al. (2011) noted that the number of medical devices subject to recalls or
warnings in the UK has risen dramatically. A substantial number of these devices may

have caused serious adverse effects in patients and contributed to healthcare costs. To
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that end, significant problems exist in the UK with a lack of access to transparent data
and a registry of the highest-risk devices (ibid). Similarly, Thompson et al., (2011)
contend that the UK regulatory system for medical devices fails to show sufficient
transparency and especially in the context of device recalls. A study done by Cohen
(2012) examines the evidence of risk from metal-on-metal hips, the manufacturers’
inadequate response, and how the regulatory bodies failed to give doctors and patients
the information they need to make informed decisions. This study concluded that after
a series of failures, device regulation is in need of radical change as there is some

doubt that the current regulatory system is fit for purpose.

The most important conclusion of these studies on patient safety concerns is that,
despite the fact that strong regulations exist, the risk of putting into the market
insufficiently tested devices still remains, and that the effective review process is still
an issue of academicians, industry, government and social concern (Zuckerman et al.,
2011).

3.2.3 Medical Devices Regulation and Industrial Conformity and Compliance

Due to the fact that medical device regulation is not static, conformity and compliance
to regulatory changes have been major challenges to the industry. A few studies have
examined industrial conformity and compliance to regulation (Jefferys, 2001, Lee et
al., 2006, Sorenson and Drummond, 2014). Conformity assessment is the key
mechanism for assuring that a medical device is safe and performs as intended
through meeting the essential principles. The requirements for conformity assessment
become more stringent as the risks associated with the medical device increases

(Sorenson and Drummond, 2014).

Lee et al. (2006) criticized the second core directive for medical devices (MDD
93/42/EEC) for burdening the medical device manufacturers with high approval costs.
A conformity assessment study by Jefferys (2001) described the role of medical
device regulation and argued that long and complicated authorization procedures
hinder development of new devices and increase complexities needed to meet local
requirements. Therefore, timeliness of regulatory decisions during the compliance and
approval procedures and access to technology is a major concern for the stakeholders

in the medical device industry (Sorenson and Drummond, 2014).
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Blanchard and Giavazzi (2001) conducted a study on the effects of regulation on
labour markets and argued that there are high entry costs challenges faced by the
manufacturers. This argument has also been supported by Djankov et al. (2002)
whose study on regulation of market entry in 85 different countries noted that official

costs of entry are extremely high in most countries.

By reviewing evidence of regulation effects in various OECD countries, Craft (2006)
concluded that whether the regulation influence is negative or positive, depends on
the extent of the compliance cost and the incentive. Regulatory compliance and
conformity is indeed a requirement in the medical device sector. However as shown in
literature more studies are needed that not look at regulatory compliance but also on
the overall effects of regulation on industrial technological capabilities and thus what

this study is trying to achieve.

3.2.4 EU and US Medical Device Regulatory Frameworks

A field of comparison studies of EU and US medical device regulatory frameworks
reflecting on development commonalities, differences and challenges have also been
published (Abraham and Davis, 2005, Altenstetter, 2012, Kramer et al., 2012a,
Kramer et al., 2012b, Sorenson and Drummond, 2014, Sorenson and Kanavos, 2011).
From these previous studies, they found that the two systems differ in a few aspects:
for example, the U.S. system is highly centralized, i.e., the Food and Drug
administration (FDA) has control of all procedures for the admission of a product to
the market. On the contrary, European law on medical devices has “outsourced” the

certification of safety criteria to external entities, called notified bodies.

Moreover, U.S. regulation has been seen as more stringent, and sometimes this has
been seen to have a negative effect on the speed of innovation. On the other side,
European patients have faster access to certain devices, but these products are
marketed with less rigorous proof of effectiveness and may have a greater chance of
later-identified adverse events (Kramer et al., 2012a, Sorenson and Drummond,
2014).

The comparative studies have shown that the US regulatory authority is a
governmental entity, and as such it is equipped with considerable powers. Yet in the
European system the privately organised product certification partner, the Notified

Body, is often a much smaller player than the firm seeking approval (CE certification)
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for its product. It can happen that a product is certified for the EU market earlier than
it is approved for the US market, simply because firms are able to pass through the
necessary steps more easily in Europe. The Notified Body certification appears to be a
lower hurdle than the government agency-owned process in the US. The comparative
studies found that device classification decision in both regulatory systems is initially
performed by the manufacturer who decides according to available guidelines into
which class a specific product should fall and applies for approval accordingly
(Altenstetter, 2012).

3.2.5 Harmonization of Medical Devices Safety Regulation

Some studies have examined harmonization of medical device safety regulation in
advanced countries (Kaplan et al., 2004, Altenstetter, 2008, Marchant and Allenby,
2017, Pombo et al., 2016). Kaplan et al. (2004) found that important differences have
evolved in the clinical-regulatory environment between the United States and Europe
that have impacted the location of clinical testing and the relative timing of
commercial availability. This has led to substantial differences in the speed of
introduction and the extent of testing of these devices in the United States and Europe.
Pombo et al. (2016) pointed out that harmonization reduces regulatory load and
promotes industry compliance. However, Altenstetter (2008, p. 230) argued that
“countries instituting medical device programs should be cognizant of ongoing
international harmonization effects so as to preclude regulatory controls that conflict
with actual harmonized rules and guidelines or with the spirit and goals of on

international hamonization.”

Marchant and Allenby (2017) explored the role of soft law in governing emerging
technologies, arguing that there are at least ten different reasons why nations may
seek to harmonize their oversight of a specific technology. A new generation of more
informal international governance tools are being explored, often grouped under the
term "soft law."” They include private standards, guidelines, codes of conduct, and
forums for transnational dialogue. However, Pombo et al. (2016) pointed out that the
implementation of harmonized regulations depends on the national regulatory
capabilities. Therefore, these capacities have to be strengthened to allow the

incorporation and deployment of common standards in all countries.
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3.2.6 International Collaboration on Medical Device Regulation

A study on international collaboration done by Altenstetter (2005) argued that,
regulation raises complex issues which require highly specialized scientific and
technological knowledge and skills that often surpass the capability of national
regulators. The pooling of resources, knowledge and expertise at the global and
regional levels is seen as producing the most appropriate regulatory solutions based
on the latest state-of-the-art medical technology in a host of different disciplines.
While the pooling of resources has benefits, it also carries a heavy price. That price is
dependence on the knowledge and expertise of a small number of industry scientists,
clinical innovators, and regulatory affairs specialists of multinational companies with
little accountability. In this study we want to investigate these complex issues further
but not only restricted to the capability of national regulators’ point of view but also

from the firm level capabilty’s point of view.

3.2.7 Evolution of the EU Regulatory Framework

A recent study that is in line with this research has been done by (Casteels and Rohde,
2013) who looked at the evolution of the EU regulatory framework. The study found
that the strength of the decentralized European regulatory framework for medical
devices has been to provide timely access to life-saving and life-enhancing
technologies to patients and doctors in the EU (and beyond) while guaranteeing a high
level of safety. Conversely, the study argues that the EU framework needs now to be
reformed to respond to increased expectations and technological advances and to
avoid incidents such as the fraudulent PIP breast implant case. The study however
makes no attempt to consider the impact of the evolutionary changes on the industry
dynamics and also fails to compare the evolution with other frameworks outside the

EU. This is what this study sets out to examine further.

3.3 Health Technology Regulation in Developing Countries

A considerable amount of literature has been published on health technology
regulation in developing countries. These studies include: (Kale, 2013, Rugera et al.,
2014, Sheikh et al., 2015, Ensor and Weinzierl, 2007, Chataway et al., 2007, Mori et
al., 2013, Harmon and Kale, 2015). A major challenge some researchers have pointed
out is that the absence of regulation has an impact on the development of health
technologies and development of health sectors (Kale, 2013, Rugera et al., 2014).
This augment is supported by Pigou’s (1938) public interest theory of regulation that
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suggested that unregulated markets would be destined to frequent failures (Djankov et
al., 2002).

Sheikh et al. (2015) adopted a stepped research methodology to map health
technology regulatory institutions and argued that ineffectiveness of health
technology regulation in developing countries is widely observed, but there is little
empirical research exploring the reasons for these failures. This argument is in line
with Ensor and Weinzierl (2007) who had also looked at health technology regulation
in low and middle-income countries and argued that there is need to invest in
structures and institutions especially in Africa to encourage a more coherent
regulatory approach. Chataway et al. (2007) states that health technology
developments are evolving faster than relevant policy and regulatory systems and
many of the new emerging products cross the boundaries of existing regulatory

systems.

Mori et al. (2013) conducted a study in Tanzania to identify whether reforms of
pharmaceutical policy were undertaken to improve efficiency or whether they just
presented an opportunity for vested interests. Findings from the study highlighted the
influence of politics on decision making at many levels of the reform process, with
regulation remaining a challenge. There is a call on governments to limit the political
influence on policy, in the interests of appropriate public health outcomes for the
populations of developing countries. A study on multiple roles for medical research
and products regulation in Argentina and India by Harmon and Kale (2015, p. 21)
argues that “both sound healthcare interventions and socially useful innovation may
be best encouraged through regulatory innovation, and emerging jurisdictions are in a
strong position to ‘leapfrog’ developed jurisdictions reliant on more entrenched

regulatory instruments and pathways”.

A number of studies reviewed in this literature on health technology regulation in
developing countries highlighted the challenges and shortfalls of current regulatory
systems. However, very little is known about the effects of regulation on firm level
capabilities and affordable healthcare technology development, the concern of the

current study.
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3.4 Medical Device Regulation in Developing Countries

Most developing countries do not have their own regulations on medical devices, but
many refer to the EU or US normative system, including the International Medical
Device Regulators Forum (IMDRF) to facilitate the manufacturing and selling of their
products in Europe, US and to the rest of the world (Shah and Goyal, 2008). For
instance, WHO (2005) reported that only 7% of the 46 sub-Saharan African countries
had National Medicines Regulatory Authorities (NMRA) in place. Of the remaining
countries, 63% had minimal regulation and 30% had no regulation. As a result,
studies on medical device regulation in developing countries have recently started to
receive some attention (Deloitte, 2014, Herbst and Fick, 2012, Kale, 2013, Lamph,
2012, Sheikh et al., 2015, Rugera et al., 2014, Saidi, 2016, De Maria et al., 2018,
Saidi and Douglas, 2018). The need for such research is notable to ensure safe and

effective healthcare in developing countries.

One of the few studies conducted on regulation of medical devices in developing
countries has strongly indicated that streamlining and harmonizing regulatory
processes is needed in order to reduce delays, unnecessary expense and improve
access to new medical devices (Rugera et al., 2014). In their study of six countries
(Burundi, Kenya, Rwanda, Tanzania and Uganda), Rugera et al. (2014) indicated that
some countries are taking steps towards strengthening medical device regulation and

these countries are receiving support through a project with the WHO.

De Maria et al. (2018) conducted a study aimed at comparing the certification route
that manufactures must respect for marketing a medical device in some African
Countries and in European Union. The study found that in developing countries, poor
regulatory control results in the use of substandard devices, and often it becomes a
constraint for those wanting to produce, sell, or even donate these devices. Similarly,
Saidi (2016) explores the importance of medical device regulation in promoting
access to high quality, safe and effective medical devices. The study emphasizes that
medical device regulation in developing countries helps to prevent the importation
and use of substandard devices thereby protecting the users from falling prey to
unscrupulous market influences that put patients’ lives at risk. To that end,

governments have the responsibility of putting in place regulations aimed at
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addressing all elements related to medical devices, ranging from access to high

quality, affordable products through to their safe and appropriate use and disposal.

Kale (2013) conducted a study focusing on regulatory policies and their impact on
innovation and technology capability development in the Indian medical device
industry and argued that regulation can have many beneficial effects, therefore
neglecting to regulate, or deregulating where frameworks already exist, is not
necessarily the way forward. Herbst and Fick (2012), whose study focused on SA
regulation, radiation protection and the safe use of X-ray equipment indicated that
poor management of regulatory system, lack of financial resources and deficient
human regulatory capacity put the health and safety of the local population at risk.
Accordingly, Saidi and Douglas’s (2018) study found that the absence of specific and
comprehensive regulations that guided the manufacturing and sale of medical devices
had far reaching repercussions on the health delivery system in SA. This is because
good and functional medical devices are produced when the manufacturing process is

adequately regulated.

In a case study of SA medical device regulatory framework, Poluta (2006) argued that
regulation of medical devices is well established in industrialised countries with
increasing standardization and harmonization. In developing and poor resourced
countries, however, there is a much greater degree of variability and implementation.
The scope of Poluta (2006)’s research, however, was relatively narrow, being
primarily concerned with proposing a compact framework model. The study makes
no attempt to consider the historical background of the current framework and the

broader implications of regulation on industry capability.

3.5 Medical Device Regulation Effects on Industry

The medical device industry includes both large global firms and a large number of
small entrepreneurial companies and start-ups (Chowdhury, 2013). Previous studies
on the effects of regulation on research and product development (R&D) have argued
that regulation can cause new innovations to concentrate in larger, multinational firms
that are better able to deal with the compliance costs (Bloom et al., 2014), therefore
reducing competition in the industry, resulting in less market innovation and thus a

decline in the supply of affordable medical devices (Curfman and Redberg, 2011,
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Bergsland et al., 2014). However, Kale (2009) argues that innovation capabilities in
the case of firms in developing countries differ in complexity in comparison with
firms in advanced countries. In some cases, regulation in developing countries may
not directly influence innovative R & D of multinational companies as this might be
influenced by their corporate strategy rather than be subjected to the policies of the
developing country. But governments may dictate that multinational companies
develop local firms in order to gain entry into those markets. These local firms usually
result in local innovations on products as the demands of the market are easier to
understand. Healthcare policy researchers have argued that a strong local capability
for both technological and social innovation in developing countries represents the
only truly sustainable means of improving the effectiveness of health systems (Hsieh
and Tsai, 2007).

Using the concept of co-production of science and society in his comparative study
Faulkner (2012) argued that bringing together empirical and theoretically informed
research to analyze industrial regulatory trends in a range of health technologies have
implications for human health. This study wants to examine this further and
understand whether medical device regulatory implications are bringing positive
outcomes in particular access and affordability outcomes and if not then how can the

system be improved.

3.6 Concluding Remarks and Knowledge Gap

Kale (2013) pointed out three major reasons why regulation is criticised: the first
criticism is that it increases cost of innovation therefore reducing possibilities of
affordable healthcare technologies; the second is that the presence of regulation may
effectively prevent disruptive technological improvements from occurring. This
argument is based on the theory of disruptive innovation (Hwang and Christensen,
2008). The author lastly, points out that regulation can constrain growth of a sector by

creating rigid entry barriers that slow evolution of the sector.

Malerba and Mani (2009, p.21) claimed that the separation of research from
development and production capabilities could be very harmful for innovation and
development. Smith (2005) argued that the capabilities of the industry cannot be
understood in isolation from the system of regulation and, increasingly, the

international regulatory structures, and from what is happening elsewhere in the
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regulation of science. Intarakumnerd and Fujita (2009) argued that in developing
countries, production capability is as important as innovation capability. How
technological change affects market structures have been investigated thoroughly by
many researchers including (Cohen and Levinthal, 1989, Suarez and Utterback, 1993,
Von Tunzelmann, 2003). However, the effects of regulation and regulatory change on
the industry capabilities have attracted much less attention. Few studies reported on
specific firms and their implementation activities. Also, no studies differentiate the
performance of individual firms’ capabilities in responding to new regulations.
Indeed, we can gain new insight into firms' behavior by investigating the

implementation actions that they take in response to a specific regulatory change.

Some studies have surveyed the dynamics of industries, e.g. the pharmaceutical
industry, from patenting to productivity (Pammolli and Riccaboni, 2004, Scherer,
2000, Syverson, 2004). However, the medical device industry has not been
investigated much in this regard. This argument is further supported by a legislative
and policy framework study done by Rugera et al. (2014) that also argued that studies
on pharmaceutical products regulation and development have received more attention
and that less attention has been placed on the regulation and development of medical

devices.

Some efforts have been made to study the regulation of medical devices but only by a
few researchers as shown in this literature. Despite the ever-expanding knowledge
base, more research is needed, especially to assess new regulatory developments and
evolutions in practice (Sorenson and Drummond, 2014). Kramer et al. (2012a) used a
systematic review process to compare US and EU medical devices regulatory
systems. The authors argued that changes are necessary for the evolution of regulatory
systems, however this systematic review did not provide some insights for
policymakers or regulators seeking to reform device regulation. To avoid this
limitation, this study will deploy the sectoral systems of innovation approach as it
provides valuable recommendations to policy-makers designing national, sectoral or

regional-level innovation policies (Malerba and Mani, 2009).

While studies have shown that there is medical device manufacturing capacity in both
the UK and SA (BMI, 2016), though at different levels, there are no systematic
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studies that identify from an evolutionary perspective, the impact of medical device
regulation on industrial capabilities to develop healthcare technologies as well as the
barriers to commercializing them at an affordable cost. In this regard, a study
enhancing our understanding in this respect would indeed be an interesting area that is

worth further exploration.

This study chose to do a comparison of regulatory change cases using empirical data
from the UK and SA based firms because: first, both countries have oriented their
regulatory processes for medical devices on the EU system. Second, SA is one of the
African Biomedical Engineering Consortium (ABEC) ¢ countries that has
implemented or harmonized with European directives in its legislation, despite the
fact that the legislation is particularly strict (De Maria et al., 2018). Third, the
legislative frameworks of the UK and SA both adopt the International Medical Device
Regulators Forum (IMDRF) philosophy of accelerating international medical device
regulatory harmonization and convergence (IMDRF, 2020). For this reason both study
countries adopted the Risk Classification System formulated by the Global
Harmonization Task Force (GHTF). Fourth, the UK was a pioneer in risk-based
regulation following the Hampton Review (Hampton, 2005), and the UK’s regulatory
reforms have drawn the interest of policymakers and regulators in other countries
(Etienne et al., 2018) including those in SA. To that extent, SA has replicated

regulatory tools or frameworks that were initially developed in the UK’

But while there may be some convergence of regulatory objectives and substantive
principles, the character of national regulatory institutions is still best understood
within each jurisdiction’s culture. In the words of Foster (1992, p.417) ‘while the
underlying economic principles and therefore the regulatory offences should be
relevant in all economies, how the offences should be expressed, monitored and
controlled can only be decided in the context of the constitution, laws and political

habits of the individual country’

16 The African Biomedical Engineering consortium was founded in 2012 with the mission of pursuing
capacity building in Biomedical Engineering for sustaining local healthcare systems.

17 Much of the Better Regulation drive at EU level can be traced back to UK initiatives (Etienne et al.,
2018).
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Another limitation of existing studies is that most of the studies were conducted after
the regulation was significantly revised. Considering the interactive learning within
the innovation ecosystem, the impact of regulation observed in this period could be
different after the regulation has been implemented and stabilized. It is these gaps that
this research aims to fill. The importance of a study of this nature can further be
attributed to the anticipation that more, as well as stricter regulations are likely to be

imposed in the future.

Our examination of literature in this chapter not only provided a basis for articulating
the relevant research gaps on how firms manage regulation and regulatory change but
also provide a starting point for the identification of suitable theories for studying the
issue of firms’ management of the impact of regulatory change. The next chapter,
therefore, will present the theoretical framework and conceptual framework

developed to answer the research questions of this study.
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CHAPTER FOUR
THE STUDY THEORETICAL FRAMEWORK

4.0 Introduction

This chapter presents the theoretical framework of this study. The chapter will first
present an overview of the conceptual framework of the research. We use a flow-
guide that flows from medical device regulation and industrial capabilities, through
the Sectoral Systems of Innovation (SSI) lens, anchored in evolutionary theory. The
main factors that influence the dynamics of the system are the actors and networks,
knowledge and technologies, and the institutional dynamics associated with a
particular regulation. These elements are the centre of this study’s analytical focus.
The chapter further describes other supporting theories, concepts and approaches used
to unpack the effects of medical device regulatory changes on investment, production
and linkage capabilities and development of affordable health technologies. Figure 4.1

below shows the conceptual framework:
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Figure 4.1:. Conceptual framework bringing together theoretical and analytical
components of the study. Source: (Malerba and Mani, 2009)

In the above diagram, the main object is regulation of medical devices. The main
impact factors to be considered in this study are, industrial technological capabilities
and the development of affordable healthcare technologies. In order to examine the
dynamics within the medical device sector under consideration, the SSI approach is
used to unpack the elements of medical device manufacturing processes that have
been compiled from the literature which include industrial capabilities and
development of affordable health technologies. The adoption of the SSI approach in
the study has the potential to enhance our understanding of the process of regulatory
change, drivers behind the changes, and impact of the changes on industrial capability
to develop affordable healthcare technologies. The SSI concept is anchored in
evolutionary theory, which will be used to analyse the changes and transformations,
the links, the interdependencies and the sectoral boundaries between regulation,

industrial capability and the development of affordable healthcare technologies.

4.1 Industrial Capabilities

The previous chapters provided information on medical device regulatory systems,
and the literature survey showed that the UK medical device industry has witnessed
radical transition during the past three decades. Medical device industry operations,
however, require specific knowledge and skills in technology that may be called
“capabilities” of the firm as illustrated in Figure 4.1. These firm-level technological
capabilities are examined in this study from the perspective of Lall’s definition as a
“complex array of skills, technological knowledge, organizational structures, required
to operate a technology efficiently and accomplish any process of technological
change” (Lall, 1992). Castellacci (2008) suggested that in any given historical era,
industrial sectors whose knowledge base and capabilities are closely related to the
constellation of emerging radical innovations face a broader set of opportunities and
tend therefore to follow dynamic trajectories. By contrast, industries less directly
involved in the production and use of the new general-purpose technologies
experience a lack of opportunities and are therefore forced to move along less

dynamic paths.
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Importance of technological capability

Technological capabilities play a strategic role in affecting the competitive advantage
of a company, an industry, and even a country (Lall, 1992). Thus, the development of
technological capabilities is critical for companies, especially those manufacturing
companies in the countries that are in a catch-up phase of industrialization. The
development of technological capabilities has also attracted extensive attention both
from the theoretical and empirical viewpoint. In addition, extensive research on the
development of technological capabilities is carried out not only in emerging
countries (Kim, 1997, Lall, 2003) but also in advanced countries (Miyazaki, 1995).

Technological capabilities are therefore crucial both in order to effectively use
technologies that have been developed elsewhere (i.e. other countries or other
organizations) as well as to be able to adapt, improve and create new, own
technologies (Lall, 1992, Bell and Pavitt, 1995). The technological capabilities

approach therefore highlights the very crucial role of technological learning.

Relationship between government regulatory systems and industrial capabilities

There is a strong relation between government regulatory systems and industrial
capabilities. For example and as mentioned before, “the New Approach” principles of
the 1990s assigned responsibility for the regulatory cycle to three organizations:
competent authorities, manufacturers, and third party certification organizations
(notified bodies) (Altenstetter, 1996). Whilst competent authorities and notified
bodies ensure that the requirements of the regulations are applied, the manufacturers’
capacity to respond to the new regulatory environment resides in the capabilities of
the firm, defined by Teece et al. (1994, p.18) as “a measure of the firm’s ability to
solve both technical and organizational problems”. The firm-level technological
capabilities therefore determine what the firm is potentially able to do in response to
the new regulatory demands. Figure 4.2 illustrates the link between government

regulation and industry.
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Government: Policies & Interventions €& Qutcome

Regulation Monetary auditing
Subsidies Societal well-being
Services Evaluation & lobbying

Industry: Structure & Conduct === Performance

Figure 4.2: Government regulation effect on industry
Adapted from (Hermans et al., 2009)

As presented in the conceptual framework (see figure 4.1), regulation will shape
industrial dynamics and in most countries, regulatory authority for medical devices
resides at government level as shown in figure 4.2 above. The changed structure will
have an effect on the industry conduct and capabilities i.e. on how the actors in an
industry will act, respond and how will they interact, leading to different competitive
strategies by the companies in the industry. Thus, industry structure and conduct will
have an effect on the industry performance (Gaynor and Haas-Wilson, 1998).
Ultimately, industry performance will lead to different macroeconomic outcomes for
societies that include affordability of health technologies. Whether the outcomes will
be positive or negative concerning social welfare, is dependent on how the industry
has reacted through its structure and conduct to the changes in government regulation
and whether the changes in the industry have led to a net efficiency gain or only to an

increase in market power (Hermans et al., 2009).

4.1.1 Theoretical Perspectives of Industrial Capabilities

As illustrated in the conceptual framework (Figure 4.1), this study sets out to examine
in some depth the influence of regulatory changes on industrial capabilities. These
industrial capabilities can be studied on various theoretical perspectives. One relevant
theoretical strand of thought is “evolutionary theory” developed by Nelson and
Winter (1982), and explained in Nelson (1987) and Dosi (1988). They argue that
firms are modeled as having, at any given time, certain capabilities and decision rules.
Over time these capabilities and rules are modified as a result of both deliberate

problem-solving efforts and random events (Nelson and Winter, 1982, p.4). Random
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events are defined as (‘the timely appearance of variation under the stimulus of
adversity’ (ibid, p. 11).

In the evolutionary theory of the firm, it has been argued that the firm is a repository
of knowledge (Nelson and Winter, 1982) and this knowledge exists in the
organizational capabilities of the firms, which then determine the performance of the
firm. The capabilities addressed in the evolutionary theory of the firm are routines,
routinized patterns of behavior that in turn are products of organizational learning and
knowledge (Nelson and Winter, 1982). Organizational learning has been
characterized as a social and collective phenomenon (Teece and Pisano, 1994) that
involves joint problem solving and coordinated search. Moreover, organizational
learning is cumulative and path-dependent in nature. What has been learned is stored

in routines and expressed in the firms’ capabilities.

Teece et al. (1997) developed a theoretical concept of “dynamic capabilities”, an
extension of the resource-based view of the firm. The concept refers to capabilities
within the firm, which allow the firm to create new products and processes and to be
in a position to respond to changing market environments. The term “dynamic” is
referred to as “the capacity to renew competences so as to achieve congruence with
the changing business environment” (Teece et al., 1997, p. 515). Helfat et al. (2009,
p.4) define a dynamic capability as ‘the capacity of an organization to purposefully
create, extend, and modify its resource base’. The ‘resource base’ includes the
‘tangible, intangible, and human assets (or resources) as well as capabilities which the
organization owns, controls, or has access to on a preferential basis’. Helfat and
Peteraf (2009) also state that dynamic capabilities have a direct effect on firm
performance and competitive advantage, as well as an indirect effect through resource
reconfiguration. Dynamic capabilities thus reflect an organization’s ability to achieve
new and innovative forms of competitive advantages given the path dependencies and

market positions.

In constantly changing environments, the dynamic capabilities approach can give a
more substantive picture than traditional views of how competitive advantage is
gained and sustained (Levitas and Ndofor, 2006). The dynamic capabilities approach

iIs an especially useful lens to examine firms in rapidly changing business
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environments (Blyler and Coff, 2003, Davies and Brady, 2000). The importance of
responding to a rapidly changing environment is a plausible explanation as to how
young resource constrained firms can enter markets and even outperform large
competitors (March, 1991).

However, dynamic capabilities are only one tool among other explanations in
understanding how firms change (Winter 2003). Indeed, in addition to utilizing stable
and learned change patterns (dynamic capabilities), firms constantly change
themselves by learning, experimenting, and creating new solutions without relying on
existing dynamic capabilities. This type of change sometimes leads to the formation
of new dynamic and ordinary capabilities (Zollo and Winter, 2002), but it sometimes
only happens as a single event of creative problem solving (referred as ad-hoc
problem solving in Winter 2003). Either way, firms that are more flexible in terms of
learning, knowledge creation, and problem solving, are also likely to be continuously

successful in changing environments.

An example of a dynamic capability is strategic decision making (“in which managers
pool their various business, functional and personal expertise to make the choices that
shape the major strategic moves of the firm” (Eisenhardt and Martin, 2000, p.1107).
Other dynamic capabilities focus on for instance “reconfiguration of resources within
firms”, as well as “transfer processes, including routines for replication, and brokering
are used by managers to copy, transfer and recombine resources, especially

knowledge-based ones, within the firm” (ibid).

At the firm level, the technological capability development is the outcome of
company-level efforts to build up new organizational and technical skills, its ability to
generate and tap information, the development of an appropriate specialization vis-a-
vis other industry actors, and the formation of linkages with suppliers, buyers and
institutions (Lall, 1992). Bell and Pavitt (1995) proposed the category of supportive
capabilities to look at the interactions among actors within the system of innovation.
In this regard, supportive capabilities include technology transfer that is necessary for
a further diversification into new products and new industries. Viotti (2002) proposed
the category of improvement capabilities to stress the importance of internal

technology upgrading. This function may be encountered in other categories such as
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production capabilities. Ernst et al. (2003) proposed the category of strategic
marketing capabilities to emphasize behavioral patterns related with suppliers as well
as the importance of building close customer links as a competitive advantage. Lall
(1992) classify firm-level technological capabilities according to the different
functions they perform and their degree of complexity (i.e. different levels ranging
from basic via intermediate to advanced). This study adopts Lall (1992)’s firm level
technological capabilities functions model, made up of "investment”, "production”
and "linkage" capabilities.

Investment Capabilities

Lall (1992, p. 168) defined investment capabilities as “the skills needed to identify,
prepare, obtain technology for, design, construct, equip, staff and commission a new
facility (or expansion)”. This includes the capabilities to assess the feasibility and
profitability of a project, define specifications, what technology is required,
negotiations of the purchase, recruit and train skilled personnel and design the basic
process and supply the equipment. Investment capabilities determine the capital costs
of the project, the appropriateness of the scale, product mix, technology and
equipment selected, and the understanding gained by the operating firm of the basic
technologies involved (Lall, 1992). The medical device industry is a high-tech
industry with high investment in R&D and the capability of firms to shape technology
investments into innovation is likely to be influenced by firm-specific resources such
as managerial skills, know-how, experience, the presence of technical experts, and

prior technological investments (Koellinger, 2008).

Production Capabilities

Lall (1992) defined production capabilities as skills and knowledge required to carry
out activities in the manufacturing or production area. Production capabilities range
from basic skills such as quality control, operation, and maintenance, to more
advanced ones such as adaptation, improvement or equipment “stretching,” to the
most demanding ones of research, design, and innovation (Lall, 1992). They also
cover both process and product technologies as well as the monitoring and control
functions included under industrial engineering (Viotti, 2002, Lall, 1992).
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Linkage Capabilities

While investment and production capabilities have been specified as primary
activities (Bell and Pavitt, 1995), linkage capabilities are supporting activities with the
ability to link up with other actors in the economy. Lall suggested a broader definition
of linkage capabilities as “skills needed to transmit information, skills and technology
to, and receive them from, component or raw material suppliers, subcontractors,
consultants, service firms, and technology institutions” Lall (1992, p. 168). Amann
and Cantwell (2012) suggested that firm linkages with other firms could be in the
form of local and international links that includes local universities, and public
research institutes, consultants, industry associations, regulatory bodies and training
institutions. The majority of such linkages are informal in character (Amann and
Cantwell, 2012) and affect not only the productive efficiency of the firms but also the
diffusion of technology through the industrial structure, which would have been
affected by the government regulation either directly or indirectly (Hermans et al.,
2009).

The discussion above shows why technological capabilities are at the center of the
conceptual framework presented at the beginning of this chapter in Figure 4.1. In this
regard, Lall (1992) claimed that in developing countries, the success or lack thereof
for the development of technological capabilities is a function of the response of firms
to the policy market and institutional framework. These capabilities are the most
refined resources needed in the commercialization of innovations and can be used to
build firm competitive advantages (Lall, 1992). Thus, the conceptual framework
allows us to develop questions pertaining to the regulatory changes that influenced the

development of firms’ technological capabilities.

4.1.2 Industrial Capability and Affordability

Industrial capabilities are strongly related to the affordability of healthcare
technologies (as shown in Figure 4.1). The medical device industry is highly
competitive, and cost-effectiveness is one of the priorities of any organization
engaged in the manufacturing of medical devices. However, there is a paradox with
regard to affordability. The medical device industries have to ensure the highest
standards of quality for their services and products, irrespective of affordability of the

healthcare technologies. Such standards are mandatory for regulatory compliance

76

www.manaraa.com



(Spiegelberg et al., 2003). The products and services developed should guarantee
appropriate quality assurance to the clients. At the same time, medical device
industries should prioritize cost-effective processes and discourage unnecessary
expenditure in building industrial capabilities. As illustrated in Figure 4.1, the process
of change and transformation allows questions to be developed that probe whether or
not affected capabilities, ultimately influenced affordability of healthcare

technologies.

4.2 Evolutionary Theory: Principal Characteristics and Applications to Medical
Device Sector

According to Malerba and Mani (2009, p.5) “The notion of sectoral systems has
evolutionary theory and the innovation systems approach as building blocks”.
Evolutionary theory places a key emphasis on dynamics, processes, and
transformations at the centre of the analysis (Malerba and Mani, 2009). The purpose
of using evolutionary theory is “to explain the movement of something over time, or
to explain why that something is what it is at a moment in time in terms of how it got

there; that is the analysis is expressly dynamic” (Dosi and Nelson, 1994, p.154).

In this study evolutionary theory is used to explain the changes of medical device
regulations over time. The behavioural foundation of evolutionary theory rests on
learning processes involving adaption and new discoveries (Dosi and Nelson, 1994).
Knowledge produced through learning by interaction is conveyed to the key elements
in the change process that takes place within economic systems (Hodgson, 1993,
Metcalfe, 1998, Saviotti and Metcalfe, 1991). Evolutionary theories surfaced in
reaction to the rather static neo-classical economic theories, which simplify the
characterization of economic processes, firms and the way these firms use knowledge
(Duysters, 1995).

Some scholars have suggested innovation can be understood as an evolutionary
process, however the evolution in innovation is a relatively new economic approach
that was roughly modelled on Darwinian concepts in biology with regard to variation
and selection (Dosi and Nelson, 1994, Nelson and Winter, 2009). Some might not
accept the correspondence to evolution in a biological sense, but the evolutionary

perspective aligns well with a systemic view of an industry (Malerba and Mani,

77

www.manaraa.com



2009). All the developments and their outcomes in medical devices sector are
considered as interconnected, and the outcomes act as inputs to the ongoing
evolutionary process. Within the SSI, the evolutionary theory is related to the
theoretical concept of change and transformation in sectors.

4.2.1 Process of Change and Transformation Concept

A sectoral system undergoes processes of change and transformation through the
coevolution of its various elements (Malerba, 2002). The concept may be used “to
analyze sectors in several aspects, namely for better understanding, dynamics and
transformation of sectors, for the identification of factors affecting performance and
competitiveness of firms and for the development of new public policy proposals”
(Intarakumnerd and Fujita, 2009, p.207). Some scholars have discussed these
processes at the general level by focusing on the interaction between technology,
industrial structure, institutions and demand (Metcalfe, 1998, Nelson, 2006). The
direction and the pace of evolution depend very much on existing absorptive
capabilities of agents, strength of their linkages and their process of collective
learning to withstand the threats and exploit the opportunities (Malerba and Mani,
2009).

In this study the main elements to be interrogated using the change and transformation
concept as indicated in section 4.1.2 are; industrial capabilities and affordability of
healthcare technologies. Often co-evolution is related to path dependent processes,
which brings changes among different components within a system (Arthur, 1989,
David, 1985). It is anticipated in this study that within the medical device sector
changes come about through co-evolution of the various elements in the system, and

primarily as a result of regulation.

4.3 National Innovation Systems (NIS)

The concept of Sectoral Systems of Innovation (SSI) followed, to some extent, the
innovation system approach that was articulated initially at the national level, namely
the National Innovation Systems (NIS). In the NIS framework, the nation component
is presented from different aspects by various contributing authors. Some researchers
stress the importance of national public policy and the structure of national production
systems as influential factors in innovation (Edquist, 2005, Lundvall, 2010). Johnson

(1992) discusses the dependence of innovative capabilities on interactive learning and
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communication, which are in turn dependent on geographic and cultural proximity. In
taking a NIS analytical approach to the examination of the medical devices sector, this
study requires an investigation of the organisations, or formal structures that are

involved in innovation in this national sector.

The limitations in the NIS framework are perceived as being a failure to take into
account the supply side or the demands of consumers, and the relevance of the nation
state in an age where science and technology production is becoming increasingly
globalised (Senker et al., 1999). Due to these limitations and also the fact that NIS
literature presents less of a formal theory, but more a conceptual framework for
analysing country specific factors at the macro-level. It considers in detail the
concepts of innovation, learning, system and nation. This research will therefore,
integrate co-existing NIS not only at the same but also across different analytical
levels. However the perspective most applicable to the medical device sector is the
sectoral perspective, therefore, the main approach of this study follows the conceptual
framework of Malerba’s Sectoral System of Innovation and Production (Malerba and
Mani, 2009).

4.4 Sectoral Systems of Innovation (SSI)

The Sectoral Systems of Innovation (SSI) is a framework that “considers a wide range
of factors that affect innovation and production in a sector. It places firms and the
related capabilities and learning processes as the major drivers of innovation and
production” (Malerba and Mani, 2009, p.3). At the same time the framework pays
central attention to other relevant factors such as the variety of actors, networks,
demand and institutions (Malerba and Mani, 2009). In this study, regulatory changes
in the medical device sector, both intended and unintended are considered as factors
that affect the ability to manufacture and supply affordable healthcare technologies,
thus a suitable example for analysis in the framework of a SSI. The approach of SSI
has a dynamic perspective and takes a process view in a co-evolutionary setting
(Malerba and Mani, 2009). This study takes an evolutionary perspective, therefore the

concept of SSI is considered an appropriate framework.

Breschi and Malerba (1997, p.131) first introduced the SSI and defined the approach

as “...a system (group) of firms active in developing and making a sector’s products
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and in generating and utilising a sector’s technologies; such a system of firms is
related in two different ways: through processes of interaction and cooperation in
artefact-technology development and through processes of competition and selection
in innovative and market activities”. Another definition was later provided by
Malerba as a “...set of new and established products for specific uses and the set of
agents carrying out market and non-market interactions for the creation, production
and sale of those products” (Malerba, 2002, p.250).

The SSI builds on five pillars as shown in Figures 4.1 and 4.3, which are: knowledge
and technologies, actors (i.e. firms and other organizations) and networks, as well as
institutions (e.g. standards, laws, rules and regulations) (Malerba, 2002, Malerba and
Mani, 2009, Malerba and Orsenigo, 1999). Thus, in order to understand the dynamics
and the innovation processes of a given sector, due consideration to these key
elements should be given. According to SSI thinking, successful new technologies

emerge from a favourable combination of all of these factors.

The literature on SSI strongly emphasizes differences in the knowledge base, the
heterogeneity of agents, and the variety of organizations involved in sectoral
innovation systems (Castellacci, 2008). This focus on specific sectoral characteristics
leads scholars to suggest that sectoral innovation systems are characterized by the
interactions between agents and institutions at various geographical levels (Carlsson
et al., 2002, Malerba, 2004).

4.5 Sectoral Systems of Innovation Building Blocks

Whilst the NIS fails to consider industrial factors in its conceptual framework, the SSI
concept allows mapping out of actors and innovation capabilities at the industry level
(Malerba and Mani, 2009). As previously mentioned, the notion of sectoral systems
has the evolutionary theory and innovation systems approach as building blocks. This
study seeks to examine three main elements within the medical device sector, which
are the regulatory changes (content), the drivers of regulatory change and the impact
of regulatory change on industrial capability to develop affordable health technologies
for the local population. Using building blocks of SSI initially presented in Figure 4.1,
the three complex phenomena under examination are mapped accordingly as shown in

Figure 4.3 below and is followed by an explanation of each building block
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Figure 4.3: Malerba and Mani (2009)’s building blocks of sectoral systems of
innovation. Author’s additions in red.

4.5.1 Knowledge and Technologies in SSI

The evolutionary theory places major emphasis on dynamics, which in general means
constant change. The same holds for the SSI technology building block. The history
of technology is contextual to the history of industry structure associated with that
technology (Dosi, 1982). Technologies change over time and affect an organization’s
learning and production processes (Patel and Pavitt, 1997). Technologies tend to
increase (rather than decrease) specialization and complexity in the organization
(Pavitt, 1998). Technologies come in different forms (Granstrand and Sjélander,
1990). Dosi (1982, p. 152) defined technology in a broader sense as “a set of pieces
of knowledge, both directly “practical” (related to concrete problems and devices) and
“theoretical” (but practically applicable although not necessarily already applied),
know-how, methods, procedures, experience of successes and failures and also, of

course, physical devices and equipment’.

The medical devices sector is a high technology multi-disciplinary sector whose key
components are medicine, engineering and information technologies. It is in close
relation with pharmacy and has been reported to converge with pharmacy as well.
This study aims to put forward the main building blocks of the medical devices sector

in the UK and SA. While doing so, pharmaceuticals are taken as a reference point at
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times since medical devices and pharmaceuticals are two relevant components of a
healthcare supply and pharmaceuticals are subject to more variety and number of

studies than medical devices.

The mechanisms of learning are at the heart of the evolution-based SSI approach. In
this regard, Lundvall (1992) suggests that the most important resource in the modern
economy is knowledge and, accordingly, the most important process is learning.
Malerba and Mani (2009, p.10) state that ‘knowledge affects the types of learning
processes and the relevant capabilities that firms have in order to be competitive and
innovate’. Knowledge, especially technological knowledge, involves varying degrees
of complexity, complementarity and independence, and differs in terms of its source,
domains and its application (Cowan et al., 2000, Malerba and Adams, 2014). In terms
of learning, firms accumulate knowledge through internal processes as well as
through processes that involve interaction with external actors that have varied
knowledge and capabilities (Malerba and Adams, 2014). Capabilities refer to the
ability to absorb, develop, and integrate tacit and codified knowledge and to use it for
specific functions, application and technological and productive transformations (Dosi
et al., 2000). The analytic framework in this study is underpinned by the notion of
technological capabilities as shown in Figure 4.1, thus the SSI knowledge base
building block will be used to help unpack the complexities related to industry

capabilities such as technology transfer and domestic independent R&D.

4.5.2 Regulation as a Defining Institutional Element of the SSI

Institutions are the rules of the game, they not only shape the interactions of actors,
but they are also shaped by the interactions and activities of actors (Malerba, 2004,
Fagerberg and Godinho, 2005). This view is based on evolutionary theory which
emphasize that a wide range of institutions (infrastructure, regulation) are shown to be
co-evolving with technology (Nelson, 1995). Regulation is viewed in this study as a
dominant feature of the institutional environment. These institutions affect the actions

of sector participants (Malerba, 2005).

As shown in Figure 4.1, regulatory regime is not static, but changes over time and is
the product of a long-term process of regulatory decision-making (Kramer et al.,

2012a). Because of regulatory change, access to the market becomes more complex
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and burdensome for medical devices manufacturers (Eisenberg, 2012, Kaplan et al.,
2004). However, inefficiency of regulatory change is not always a consequence of the
policies design; it can arise from their inadequate implementation (Von Tunzelmann,
2003). It is with this thought in mind that this study focuses on further research by
asking the question what is the impact of regulatory changes on industry’s ability to

manufacture and supply affordable healthcare technologies.

4.5.3 Actors and Networks in SSI

A sector is composed of heterogeneous agents ranging from individuals to
organizations (Malerba 2004). Individuals include: consumers, entrepreneurs, and
scientists influencing the innovation process of the sector. Organizations include firms
and non-firm organizations too, such as university, financial institutions, government
agencies, trade unions, local authorities and technical associations. Firms are the key
actors of SSI, they play a big role in the innovation and production processes, in the
sale of products, the generation, adoption and use of technologies. The evolutionary
perspective considers that firms evolve over time when they attempt to adapt
themselves to their regulatory environment (Malerba and Mani, 2009). It is
anticipated in this study that the adaptation process has implications on activities
undertaken by firms in the production of affordable new healthcare technologies as
indicated in Figure 4.1. The actors specifically analysed in this study are firms

operating in the medical device sector and regulators in the UK and SA.

In terms of networks, the variety of links and connections among agents greatly
affects the dynamics of sectoral systems (Malerba and Adams, 2014). In
manufacturing firms, it is important for R&D departments to be connected to
production (Pavitt, 1994). In cases where knowledge is not produced in R&D
departments but elsewhere, network connections between actors (individuals and
organizations) are important connections, which can exist along supply, production
and distribution channels as well (Bell and Pavitt, 1995, Sutton and Barto, 1998).

In examining the medical device sector using the help of the SSI framework, its
theoretical bases and its building blocks, it is anticipated that the study will be able to
identify in detail factors such as knowledge base underpinning regulation, innovative

and production activities in the medical device sector.
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4.6 Institutional theory

Institutional theory has traditionally been concerned with how organizations establish
their positions and achieve legitimacy in order to survive and make profit. This has
been done by conforming to the rules, norms and social structure of the institutional
environment (Meyer et al.,, 1991, Schot and Geels, 2007). The institutional
environment is set up of institutions, a term that refers to the regulatory, social and
cultural aspects that exert pressures on organizations to adapt to the surrounding
environment. These aspects define what is considered appropriate behavior and
therefore exert conforming pressures on organizations not to act in an unacceptable
manner (DiMaggio and Powell, 1991). Scott (2005) summarized the pressures of the
institutional environment first identified decades ago into three pillars. These are

regulative, normative and cognitive pillars.

The regulative pillar guides organizations behavior by governmental legislation,
industry agreements and standards for example. The normative pillar guides
organizations in interaction with other actors by defining what is expected and
appropriate in different situations, such as social or commercial situations. Values and
norms are central to the second pillar, establishing the softer rules that organizations
conform. The last and third pillar is derived from social behavior at a more individual
level, such as cultural differences and language. This cognitive pillar is important
because it highlights the taken-for-granted and preconscious behavior present in the
institutional environment that defines the right thing to do and is important for new
actors to understand. These three pillars may resemble each other and often reinforce
one another in a particular institutional environment (Scott, 2005). The importance of
these pillars is significant because if a company fails to understand any of them the

company can risk losing legitimacy (Kostova and Zaheer, 1999).

Organizational legitimacy is defined by Suchman (1995) as “a generalized perception
or assumption that the actions of an entity are desirable, proper, or appropriate with
some socially constructed system of norms, values, beliefs and definitions”.
Therefore, in order to be successful, the firm needs to fit in with different institutions
(authorities, potential business partners, customers or governments) that defines the
normative, cognitive and regulative rules (Kostova and Zaheer, 1999). If the firm

breaks the rules and thus do not obtain adequate legitimacy at any market, it can
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hinder company survival.

Institutional theory is a dominant theory that “has been widely used to analyse and
explain corporate responses to environmental and social issues” (Hahn et al., 2010, p.
221). Institutional theory not only concerns how organizations are influenced by
external pressures, but also describes how organizations influence others (DiMaggio
and Powell, 1983). With the guidance of this theory as presented in the conceptual
framework in Figure 4.1, it is believed that this study will be able to unpack and
further understand the effects of regulatory change on organizations that are seeking

to establish their market positions and achieve legitimacy in order to survive.

4.7 Regulation and Policy Instrument

Enabling policies are likely to have a more rapid impact and are less expensive to
monitor and enforce. The third research objective of this thesis is to investigate the
“effects” of medical device regulatory changes on industry capabilities and
development of affordable medical devices in the UK and SA. The intended outcomes
therefore should be evidence based. To unpack this research objective, a regulation
and policy instrument that reflects perspectives from company managers in
responding to regulatory initiatives and emphasizing on the effectiveness and
efficiency of regulatory instruments will be adopted (see Figure 4.1). Chataway et al.
(2006) proposed this instrument by categorizing policies and regulations according to
whether they are perceived as enabling or constraining by industry managers or

whether they were seen as indiscriminate or as discriminating among products.

On the one hand, enabling or constraining regulatory policies can have a major impact
on their effectiveness and on the cost of implementation. On the other hand,
indiscriminate policies are usually much less effective than intended, or can even have
negative, counter-intuitive effects on the regulatory target (Chataway et al., 2006).
Enabling regulation serves both as the legislative mandate for the competent
authorities to act, and as a starting point for these regulators’ discretion and oversight.
The enabling content will allow for the control and the evaluation of the performance
of the regulation. The latter can only be carried out where a well-defined and focused
set of objectives in the founding regulation exits (Frank, 2003). Good governance is
most likely to be achieved by creating a policy and regulatory environment that is

enabling in the desired direction, rather than being constraining and restrictive, and
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also that discriminates among products on the basis of the most relevant criteria
(Chataway et al., 2006).

4.8 Conclusion

This chapter has reviewed theories, concepts, and research studies regarding medical
device regulation and industrial capabilities. The Sectoral Systems of Innovation
(SSI) approach as a theoretical framework has been emphasized and will be employed
to analyze the influence of regulatory changes on industrial capabilities. The study of
regulatory reforms is a study of a change process. Generally, the SSI, anchored in
evolutionary theory, has a dynamic perspective and takes a process view in a co-
evolutionary setting (Malerba and Mani, 2009), therefore the concept of SSI is
considered as an appropriate framework. Evolutionary theory is used to explain the
changes of medical device regulation over time. The behavioural foundation of the
evolutionary theory rest on learning processes involving adaption and new discoveries
(Dosi and Nelson, 1994). In the evolutionary view, technological development and
innovation play an important role in the sense that innovation brings about the

changes in the system and influences the selection process.

The analytic framework in this research is underpinned by the notion of technology
capabilities. As Dosi et al. (2000) point out that a firm can only successfully develop
if it comprehensively utilize its present capabilities. Essentially, the effects of
regulation on firm level technological capabilities will be examined in the rest of the
chapters in this study using Lall (1992)’s functions model, which is made up of
"investment”, "production” and "linkage" capabilities.

As a methodological and empirical contribution, this study has used Chataway et al.
(2006) policy and regulatory instrument empirically, in a detailed way. It was
previously used only in a generic way. We have been able to show its utility in the
analysis of different types of firm capabilities in a specific way. The next chapter

presents the scope of the research, and details how the research was conducted.
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CHAPTER FIVE
THE STUDY RESEARCH METHODOLODY

5.0 Introduction

The previous chapter presented the theoretical framework of this study. This chapter
presents the scope of the research, and details how the research was conducted. It will
first present the philosophical position of this study and methodological issues leading
to the choice of methodology. The research strategy then explains the reasons for
using the case study approach and discusses key characteristics of case study quality.
Case study design is explained, consisting of the importance of context, the unit of
analysis, and a sample selection of the firms, as well as the criteria and process. Data

collection methods and data analysis strategy employed are also presented.

5.1 Research Philosophy

The research questions in this study focus on how medical device regulations have
evolved, the impact of changes on industry capabilities and contribution to affordable
healthcare technologies. Therefore the underlying approach to the research strategy
and research design is based on the regulatory realities in terms of knowledge,
technologies, institutions, actors, networks, process of change and transformation
within the medical sector (Malerba and Mani, 2009). A research philosophy is a belief
about how data about a phenomenon is gathered, analysed and used. There are two
main research philosophies commonly used in western traditional studies namely the
positivist and interpretivist paradigms (Galliers, 1991). There is also a philosophical
position called ‘‘Critical realist’’, formulated by Bhaskar (1975) and extended by a
number of authors including (Archer, 1995, Collier, 1994, Danermark et al., 2001,
Lawson, 1996, Layder, 1990, Outhwaite, 1987, Sayer, 1992).

Positivism is largely concerned with the testing, confirmation and falsification, and
predictive ability of generalizable theories about an objective, readily apprehended
reality (Orlikowski and Baroudi, 1991). The positivist position was considered as a
possible option, but not used for this study because the position adopts a hypothetic-
deductive approach (Hempel, 1965), where hypothesis are tested (mainly
quantitatively) in line with Popper’s principle of falsification (Grennes, 2001). This
study however does not intend to formulate a hypothesis. Interpretivism on the other

hand focuses on understanding the subjective meanings that participants assign to a
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given phenomenon within a specific, unique context (Orlikowski and Baroudi, 1991).
The interpretivist position will also not be used for this study for two reasons; firstly,
the position adopts a relativist stance ‘‘such that diverse meanings are assumed to
exist and to influence how people understand and respond to the objective
world”’(Gephart, 2004, p.456). Secondly, interpretivists aim to ‘‘interpret the
meanings and actions of actors according to their own subjective frame of reference’’

(Williams, 2000, p.210).

Critical realism is a theory-driven approach focussed on understanding the mechanism
of what works for whom in what circumstances and how structures worked or did not
work in their contextual setting, rather than simply measuring outcomes (Pawson and
Tilley, 1997). The nature of reality of critical realism is objective, stratified reality,
that is, domains of the real, actual, and empirical (Bhaskar, 1975, Sayer, 1992).
Domains of “empirical” include observable experiences. Domain of “actual” includes
actual events, which have been generated by mechanisms. Finally, the domain of
“real” includes the mechanisms that have generated the actual events, Figure 5.1

illustrates the three categories in the realm of realism (Bhaskar, 1975).

Real -
mechanisms that
have generated the
actual events

Actual - actual
events which have
been generated by

mechanisms

Empirical -
observable
experiences

Figure 5.1: Schematic representation of three domains of critical realism
Source: (Willcocks and Mingers, 2004)

According to the critical realism perspective, knowledge can be required of that
reality through abduction mechanisms (Sayer, 1992). Critical realism acknowledges
the role of subjective knowledge of actors in a given situation as well as the existence

of independent structures that constrain and enable these actors to pursue certain
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actions in a particular setting (Wynn and Williams, 2012).

The philosophical position of this study is critical realism. The basis for the choice for
this approach is that this philosophical position provides more detailed explanations
of a given set of phenomena or events in terms of both the actors’ interpretations and
the structures and mechanisms that interact to produce the outcomes in question
(Wynn and Williams, 2012). This study proposed not only to examine events
(regulatory changes and impacts) in the empirical domain, but also aims to understand
the generative mechanisms in the real domain leading to the event (drivers). Given the
epistemological principles of critical realism, Easton (2010, p.123) states that “the
research questions could be of the form ‘What caused the events associated with the
phenomenon to occur?’” By asking about the causes of specific events, we are
targeting the how question associated with explanatory case research (Yin, 2003). A
critical realist philosophy provides an appropriate framework to investigate the impact
of evolving medical device regulation on industrial capability to develop affordable

healthcare technologies and will guide the development of the research strategy.

5.1.1 Research Strategy

Having adopted critical realism as the philosophical position of this research, and in
order to provide some valid and reliable scientific claims from the research process, a
concurrent mixed-methods data collection and analysis approaches was used
(Bryman, 2007). Mixed methods, in which quantitative and qualitative methods are
combined, are increasingly recognized as valuable, because they can capitalize on the
respective strengths of each approach (Jick, 1979, Tashakkori and Teddlie, 2010).
Exposure to a broader range of perspectives and experiences can in turn assist with
the formulation of explanation (McEvoy and Richards, 2006, Borkan, 2004). The
combination of qualitative and quantitative methods enables research findings, to be
further reinforced (McEvoy and Richards, 2006).

5.2 Case Study Research Methodology

This study consists of three case studies of regulatory changes (two of them set in the
UK and one in SA) and uses a variety of methods to generate data. A case study
methodology is defined as an intensive investigation of a contemporary phenomenon
within its real-life context, and where the boundaries between phenomenon and the

context are not clearly evident (Yin, 2009, Benbasat et al., 1987). Cases can include
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studies of decisions, individuals, organisations, processes, programs, neighbourhoods,
institutions and events (Yin, 2003). Case studies are also the preferred research
strategy when researching a topic on which very little is known (Bengtsson et al.,
1997, Schwandt, 1997). The approach is based on compiling multiple sources of
evidence to examine; the relationships, complex links and working procedures that
requires continuous interaction between the research questions and the data being
collected (Yin, 2013). Furthermore, this study aims to trace the regulatory changes
and the premarket entry activities of the medical device firms over time, and thereby
understand the connection between them. Case study research is an ideal research tool
for processual studies (Langley, 1999, Pettigrew, 2012) as it can open up the
processes that lead to individual and organized actions (Doz, 2011), and is able to
interpret the complexity of context (Birkinshaw et al., 2011).

There are some criticisms made of case study research methods due to “the problem
of relevance of other cases, sometimes expressed in other traditions as
generalizability” (Gerrish and Lacey, 2006, p.303). In other words, critics of case
study methods believe that the findings cannot be generalized to similar populations
especially when they are single case studies or if the sample sizes are considered
small (Kader, 2006). However, Eisenhardt (1989) indicates that using comparison of
the emergent concepts or theory with existing literature can enhance generalizability
of multiple-case studies. In short, the use of theory, in conducting a multi-case study,
not only supports the appropriate research design and data collection, but also
becomes the main vehicle for generalizing the findings of the case study (Yin, 2003).
Furthermore, when conducting multiple-case, the findings are generalized from one
case to the next on the basis of a match by means of conceptual or theoretical grounds
for the underlying theory or for the research setting/context not on representative

grounds and not to a large universe (Miles and Huberman, 1994).

This study is an empirical inquiry of the evolution of medical device regulation and its
impact on industrial capabilities and development of affordable healthcare
technologies. Very little is known about this topic, especially in Africa, hence
necessitating the need for a case study approach. In addition, historical, political and
cultural contexts in which the cases are situated present many variables that affect the

development of affordable devices and their commercialization. A number of similar
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studies reviewed adopted the case study approach, for example, studies such as those;
on national health biotechnology innovation systems (Chataway et al., 2007,
Mugwagwa, 2010, Smith, 2005); on regulatory and industrial policy hurdles for
medical device industry (Davis and Abraham, 2011, Ensor and Weinzierl, 2007,
Heneghan et al., 2011, Rugera et al., 2014, Gollaher and Goodall, 2011) and on health
social technologies (Chataway et al., 2010).

5.2.1 Selection of Regulatory Change Cases

It is well recognized that proper case selection is imperative for understanding the
phenomenon under study (Yin, 2003). In the context of multiple case study research,
the chosen cases need to be similar in some ways, be relevant, provide sufficient
diversity across cases, and present good opportunities to learn about complexity and
contexts (Yin, 2009). In this study, the selection criteria for the three regulatory
change cases were established based on theoretical considerations, factors of the
research design and the research question. Criteria included the presence of significant
perceived impact, indications of differences in impact between firms, and the
availability of empirical data relevant to the study. In particular, the two regulatory
change cases in the UK were highly significant for the medical device industry; and,
each regulatory change was different: one was a major extension of regulatory reach
into medical device software; the other a major toughening of regulatory compliance
and therefore a strong strengthening of regulatory processes. The selection criterion
for the SA radiation emitting devices regulatory change was based on the fact that this
was the only type of formal medical devices regulation in the country that had been
implemented long enough to provide empirical data relevant to this study. A better
understanding of the impact of the selected regulatory changes will reveal differences
in the firms’ responses and thereby uncover key dynamics related to firm strategy,
innovation and operations. The three selected regulatory change cases were informed
by a group of firms whose activities were related to the development of healthcare
technologies. (In-depth case study details of the three regulatory changes are

presented in chapter six).

5.2.2 Criteria for Selecting Medical Device Firms in the United Kingdom
The study adopted purposive sampling method in selecting suitable manufacturing

firms. Purposive sampling, also called judgement sampling, is a non-probability
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sampling technique, which involves selecting study participants deliberately because
of some qualities/characteristics they possess (Tongco, 2007). The first criterion set to
identify suitable UK-based firms for this study was that the firm should fall under
medical device software segment. The study was interested in eliciting the most
important challenges with respect to developing embedded or standalone software for
medical purpose, understanding the extent to which the regulations that have been
developed, recognized and have affected the industry’s capabilities. Another reason
for selecting firms involved in the development of medical device software was that,
today, many medical devices cannot fulfill their intended use without the software
embedded within them, which implements a variety of functions and features.
Surveys of trends in the medical device industry indicate that software is one of the
most decisive factors for producing innovative products with new capabilities, and
predict that the importance of software will only further increase in the future (Denger
etal., 2007).

A second criterion was set based on the longevity of the firm’s operations in the
medical device industry. The firm should have been registered and in operation in the
UK since the publication of first major regulatory changes in 2007. Potentially, the
longer these firms were in the UK medical device industry, the more changes in
operations they may have encountered, which may have been made in response to the
change in the external regulatory environment. The long establishment also indicates
firm learning to adjust quickly to regulatory changes so that they can continue

operating.

The third requirement was to pursue firms that had available public company accounts
so that annual reports and other public records could be examined to make sure these
UK firms have operated for more than ten years!® and establish whether regulatory
changes had influenced firm’ technological capabilities such as investment and
production capabilities. A sample of 16 firms selected in the UK is presented in the
Table 5.1 below.

18 Ten years is an arbitrary figure. However, based on UK Company house reports, several medical
device firms that have been in operation for more than ten years are significantly more profitable than
those counterparts with less than ten years’ experience.
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Table 5.1: United Kingdom firm selections (source: author

website and annual reports)

calculations, company

Firm | Respondent Firm Device Segment/
Name Position Background Key Product(s)
Alpha | Quality -Year established: 1975 -Embedded software
Ltd Manager -Size: SME devices
-Employee size band: 20 - 49 -Oxygen-therapy products
-2017 Turnover: £1.3 million -Electrical magnetic
-Exports to over 28 countries products.
-Approved supplier to a wide range of
customers, including the UK NHS and private
hospitals
Bravo Medical Year established: 2006 - Orthopaedics
Ltd Devices Size: SME - Biosensors
Principal Employee size band: 0 - 4 - Embedded software
Consultant 2017 Turnover: £500 000
Charlie | Director of | Year established: 1978 - Embedded software
Medical | Regulatory | Size: SME - Wound care products
Affairs Employee size band: 100 -249 - Blood processing
2017 Turnover: £17.2 million products
Echo CEO Year established: 2007 - Medical device software
Ltd Size: SME - Radiotherapy simulators
Employee size band: 5- 9 - Software in radiotherapy
Turnover: Not disclosed liner accelerators
- DNA specification
technology
Foxtrot | Chief Year established: 1992 -Cardiac flow monitoring
Ltd Operations | Size: SME devices
Officer Employee size band: 50 - 99 - Fluid
2016 Turnover: £5.2 million Management devices
The firm has over 3,000 CardioQ-ODM
systems
Exports their product to over 40 countries
Garner | Senior Year established: 1977 -Innovative diagnostic test
Ltd Quality Size: SME kits
Assurance Employee size band: 100 - 249
Director 2016 Turnover £24.4 million
Hex Year established: 1994 Medical device software
Ltd Technical Size; SME development
Director Employee size band: 10 -19
Turnover: £825 904
Indigo | Managing Year established: 2007 -Embedded software
Ltd Director Size: SME -Surgical instruments
Employee size band: 0 - 4 decontamination products
2017 Turnover: <£100 000
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Kilo Chairman Year established: 1986 -Urodynamic products
Ltd Size: SME CT3000
Employee size band: 50 - 99
2017 Turnover: £6 million
Delta Associate Year established: 1998 -In-Vitro
Ltd Director Size: MNC Diagnostic products
Regulatory | Employee size band: 250+ -Oncology products
Affairs R&D employees — 122 - Novel technologies for
Sales & marketing -113 the analysis of DNA
Administration — 48 - Gene sequencing
Manufacturing — 29
Total employees - 312
2016 Turnover: £1.51b
M Managing Year established: 1971 -Cardiac conduit monitors
Medical | Dijrector Size: MNC -Diagnostic cardiology
Employee size band: 250+ -Ultrasound
Production employees — 701 -Patient monitoring
Administration and support -110 - CT scanning
Sales employees — 124 -MRI
Total employees - 935
2016 Turnover: £206.2m
Two Nobel Price-winners in the world.
Ranked in the third place among the medical
device manufacturers in the world.
Lima Head of Year established: 1991 -Radiology
Medical | Operations | Size: MNC -Radiosurgery
Employee size band: 250+ -Proton therapy
Average number of employees — 1 802 -Wound care
2016 Turnover: £579m
Med CEO Year established: 1986 -Oncology products
Tec Size: MNC -Radiotherapy products
Ltd Employee size band: 250+ -Software development
2017 Turnover: £408 million
Director Year established: -Knee and hip implants
Neiva Size: MNC - Arthroscopic enabling
Medical Employee size band: 250+ technologies
2016 Turnover: £3.78b - Advanced wound care
devices
Director Year established: 1954 -Diagnostics systems
Optics Size: MNC - Integrated analytics
Ltd Employee size band: 250+ solutions technologies
2016 Turnover: £58.1m - Infusion devices and
software

As Table 5.1 shows, care was taken to study both MNCs and SMEs. The firms
highlighted in darker shade are SMEs and the non-highlighted are MNCs. The
rational for choosing UK-based firms for this study is because the UK represents the
global north with sophisticated medical systems, it meets the criteria for
appropriateness of the study as it has advanced local healthcare technological
capability (BMI, 2016b), has a highly regulated industry structures and there has been
a significant but complex regulatory evolution since the 1990s. The UK medical
device industry was considered a well-developed market in a global comparison

(Evaluate Medtech, 2017). Hence, the observation of this industry promises insights
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that should be of relevance also for a global audience (including academic and

practitioners alike).

Given the nature of the research question, this study consisted of two kinds of
empirical data (Chapter 7) and it was considered valuable to focus first on data from
sixteen UK-based manufacturing firms presented in Table 5.1. The sixteen firms all
have distinguished histories and well-known reputations for providing advanced
healthcare technologies. The sixteen firms were selected to develop a deeper
understanding and provide a broad scope of the effects of the two significant but
different regulatory changes on the firm level technological capabilities. Among the
sixteen firms, three were found to have appropriate data to support their inclusion for
detailed firm specific empirical analysis. Therefore, the second empirical data
involved a more comprehensive narrative of these three purposefully selected UK-

based firms.

5.2.3 Criteria for Selecting Medical Device Firms in South Africa

Some criteria were set to identify suitable SA-based firms for this study. First, the
firm should have been involved in the manufacture or supply of electromagnetic
medical devices or radiation emitting devices. The reason was that this is the only
segment that has been regulated for a longer period through the Hazardous Substances
Act, No. 15 of 1973 (DoH South Africa, 2014). Devices for use in radiology usually
are not targeted at individual patients but at hospitals and doctors’ practices. They
include ultrasound and microwave imaging and treatment devices, and magnetic
resonance imaging equipment (MRI). The second criterion was simply based on the
longevity of the firm’s operations in the SA medical device industry. Company
selection was made with these key criteria but the chosen firms were otherwise
diverse with respect to geography, core technological focus area(s), and capabilities
not directly related to innovation, ownership structures, history, age, local context and
so on. The approach taken to select the final firms was essentially based on the
approach proposed by Yin (1994), which involves screening “candidate” firms and

choosing the best among them.

To illustrate more specifically, my approach for the SA firms was to first make a

database of all companies that | could find, which met the two key conditions (this
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resulted in a list of over 50 firms). | then looked for and recorded any information that

indicated whether a given firm undertook innovative activities. The latter was

complemented by consultation with individuals who were knowledgeable with

domestic medical device firms. These efforts helped me to identify an initial 12

companies, which were then instrumental in identifying more firms along with other

local informants that | met as | travelled through SA. A sample of 16 firms selected in

SA firms is presented in the Table 5.2 below.

Table 5.2: South Africa firm selections (source: author calculations, company website

and annual reports)

Firm Respondent
Name Position

Firm

Background

Device Segment/

Key Product(s)

Southmed Managing Year established: 1987 -Electro-medical devices and medical
(Pty) Ltd Director Size: SME consumables
Employee size band: 100 - | - Ultrasound imaging
249 - Radiology devices
DK med CEO Year established: 2007 - X-RAY Imaging Systems
e Size: SME
Employee size band: 0 - 4
BV Medical Projects Year established: 1994 Medical imaging:
Manager Size; SME -X-ray Machines
Employee size band: 10 -19 | -CR - Computed Radiography
Turnover: £825 904 -DR - Digital Radiography
-RIS - Radiology Information
Regulatory Year established: 1989 - Diagnostic equipment:
SISA | Affairs and Size: SME -X-ray Machines
Manufacturing | Quality Officer | Employee size band: 20 - | -Ultrasound medical products
company 49
AA Biomedical | Reimbursement | Year established: 1998 - Cardiac diagnosis and Cardiac
Ll and Regulatory | Size: SME Rhythm Management product range
Affairs Employee size band: 50 - - Electrophysiology
Manager 99
TM AFRICA Director Year established: 2001 - Radiology equipment
(P L Size: SME - Magnetic Resonance Imaging (MRI)
Employee size band: 20 -
49
UMC (Pv) Ltd | Managing Year established: 1991 -Radiology
Director Size: SME -Radiosurgery
Employee size band: 20 - -Wound care
49
Gabler Medical | CEO Year established: 1963 - Electric and pipeline suction
Size: MNC equipment
Employee size band: 250+ | - Flow meters
CR CEO Year established: 1960 - Medical imaging equipment for
Medical Size: MNC

Employee size band: 250+

breast cancer diagnosis
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PH Senior Quality | Year established: 1919 - Radiology products
Healthcare & Regulatory | Size: MNC

Systems Employee size band: 250+

Manager
SSA (Pty) Strategic & Year established: 1864 - X-RAY Imaging Systems
Ltd Key account Size: MNC

Manager Employee size band: 250+
Northmed Projects Year established: late 1892 | - Embedded software
Healthcare Manager Size: MNC - Wound care products

Employee size band: 250+ | - Blood processing products
Medtech Director Year established: 1987 - Electronic implantable hearing aids
Solutions Size: MNC - X-ray units
Employee size band: 250+ | - X-ray machines

BS Health Year established: 1979 Radiology equipment
Medical Economics & | Size: MNC
Specialists Government Employee size band: 250+

Affairs

Manager
PE Sales Account | Year established: 1975 - Screening and diagnostic equipment
Medical Manager Size: MNC
company Employee size band: 250+

The rational for choosing SA-based firms for this study was because they represent
global south countries that are less often included in comparative studies but offer
valuable insights to the healthcare technologies that are often overlooked. In addition
to the SA medical device industry’s suitability from a research design perspective,
there is also a good theoretical fit. The effect of implementing new requirements in
connection with regulatory change could be expected to evolve over long periods of
time (Jacobides and Winter, 2010). SA has low local healthcare technological
capability (BMI, 2016a), has less regulated industry structures and slow regulatory
evolution over the past three decades. To isolate the effects of a regulatory change, it
is to our advantage if the other dynamics of the SA medical device industry are slow,
because the firms’ actions will be more visible. However, SA has a relatively large
economy and has the largest medical device market share in Africa. The above
combination of empirical and theoretical factors offers a solid rationale for studying
this industry with a historical approach over a long time period (Ferraro and Gurses,
2009).

The empirical evidence from SA presented in this study (Chapter 8) also comprised of
two kinds of empirical data. The first type of empirical evidence involved

comparative analysis of sixteen SA manufacturing/distribution firms that supply
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medical and dental diagnostics as presented in Table 5.2. The second type of
empirical evidence involved a more comprehensive narrative of three purposefully
selected SA-based firms. Criteria for selection of the three firms were based on

availability and accessibility of the firm’s empirical data pertinent to the study.

5.2.4 Analytical Units

Yin (2009, p.29) suggests that analytical units are selected according to the research
topic and can include single individuals, programs, events, decision and so on. This
research employs evolutionary theory which takes the firm as its unit of analysis, with
the proposition that organizational capabilities are central to an understanding of firms
and industries (Malerba and Mani, 2009, Nelson and Winter, 1982). Building on that
the analytical units to be used in this research are regulation and medical devices
firms. Among the possible analytical units, the regulatory policies are frequently

chosen as analytical units for the comparisons with each other.

5.3 Data Collection Methods

It was the aim of the research that the answers to each sub-question would inform the
overarching question at the center of this study. Accordingly, four data collection
methods were used some of which were used in parallel to address the sub-questions.
The methods used were in-depth interviews, focus groups, document analysis, and

archival research.

Interviews: The main method of collecting primary data for this study was semi-
structured in-depth interviews and was conducted mainly in the respective firms. Part
of the objective of using interviews was to be able to access and subsequently
understand the regulation of medical devices phenomenon through descriptions of it,
in the participants’ own words. This format allows the respondent to identify and
describe concerns or concepts that may not have been anticipated or considered by the
researcher (Curry et al., 2009). The study aimed at eliciting in-depth responses,
personal accounts and experiences from actors in the medical device sector which
provided insights and understanding of their identities, values, perceptions,
experiences and the meanings they attach to regulation of medical devices and
interviews are the best way to do this (Britten, 1995, Patton, 1999).

A total of four pilot interviews guided by the broad checklist of questions were
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conducted telephonically and face-to-face with some stakeholders in the UK and SA
during a field study between October 2016 and May 2017. After these pilot studies,
which helped identify, confirm and shape key issues around medical devices
regulatory changes in the UK and SA, a total 73 defined as guided conversations or
semi-structured were conducted (see Appendix 6 for the full list of interviews
conducted). The interviews were conducted with a consistent line of inquiry that was
two-fold: (1) Understanding the process of regulation and regulatory changes; (11)
Understandings of the impact of regulatory changes. The chosen line of inquiry was to
an extent based upon the theoretical framework in order to facilitate as easy and
accurate analysis (Eisenhardt and Graebner, 2007). The interviews conducted with
various stakeholder categories within the medical device sector are shown in Table
5.3.

Table 5.3: Categories of stakeholders who participated in the study

Stakeholder category Number of Number of Totals
interviews in the | interviews in the
UK SA
Government/ Competent authority 1 3 4
Regulatory agency/Notified body 4 2 6
Academic and research institution 0 3 3
Health facility 0 1 1
Medical device manufacturing 19 32 51
Industry association 1 7 8
Totals 25 48 73

As Table 5.3 shows, actors such as the notified bodies (that are involved in regulatory
enforcement), national competent authorities and industry associations were also
included. Although the focus was on medical device firms’ perceptions (identified as
the primary ‘regulatees’), the study also wanted to know whether these were different
from the views of other stakeholders. Most of the interviews took place in natural
setting of the interviewees. Visits were made to the working sites (i.e. business
premises or hospitals) of the participants to conduct the research. This enabled the
development a level of detail about the individual or place in actual experiences of the

participants. In some cases, the participants did provide medical devices company
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records such as manual books and regulatory compliance documents to support the

evidence of their innovative solution and regulatory challenges.

The duration of interviews and the number of questions varied among different
participants and was determined by knowledge and willingness of participants to
discuss issues. On average most interviews lasted for fifty minutes. All the interviews
were digitally recorded and transcribed. Each interviewee was asked to suggest a
person who may provide more information on the topic (referral sampling or
‘snowball” method). Interestingly, most of the respondents referred to other potential
respondents who were previously or planned to be interviewed confirming our
approach. When getting references for further interviews | was careful to follow
guidelines suggested by Dexter (2006): get introductions from trusted sources and
avoid intermediary explanation of the project to avoid bias. This continued until the
point of theoretical saturation, whereby no new information was being obtained from
new interviewees. The interviews assisted in constructing the narrative and building
up the analysis of this study. The interviewing protocol can be found in Appendix 1
and 2.

Besides getting references from previous interviewees | also participated in events
and seminars where high-level representatives of government and medical device
industry associations spoke. For example, | facilitated a session on Regulation in the
diagnostics sector at the Southern Africa Network for Biosciences (SANBio) Annual
Event held in February 2017 in South Africa; virtually all medical device sector
representatives participated.'® This provided me with valuable opportunities to make

contacts and arrange new interviews.

Focus Groups: Data collection in this study included a participant-focus group that
was held at CSIR offices in SA. By participant-focus group, we refer to the mode in
which the researcher was not merely a passive observer. The researcher participated
in the SAMED/SALDA (medical device manufacturers) focus group in SA in

19 Proceedings and summary report of the SANBio annual event the researcher participated and
facilitated can be found on http://www.nepadsanbio.org/sites/default/files/2017-
05/SANBI0%20Annual%20Event%202017%20-%20Proceedings.pdf
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November 2016 (See Appendix 6). The group discussion focused on the guideline on
essential principles of safety and performance for medical devices and IVD's, the
regulatory requirements as well as question and answer session focusing on the

industry’s regulatory challenges.

Another focus group was conducted with three participants from the national
medicines and healthcare products regulatory authority of Zimbabwe (MCAZ) via
Skype to gather data from a regional point of view (See Appendix 6). This guided
discussions with small groups of people who share a common characteristic central to
the regulation of medical devices proved useful as a method of collecting primary
data (Krueger and Casey, 2000). The goal for using focus groups in this study was to
understand differences in perspectives between different stakeholder groups or
categories of people and uncover factors that influence regulatory changes and the
ability to develop affordable healthcare technologies in the medical device sector.
This approach widened the range of responses and activated forgotten details of

individual experiences (Krueger and Casey, 2000).

Document review: A wide variety of legal written materials served as a valuable
source of data in this study. Documents included; institutional documents and
organizational records such as clinical test records, compliance test records, R&D
records, public medical device regulatory historical documents, legislative documents
and approval documents. The documents were searched for and collected from the
UK and SA’s departments of health databases (e.g. the UK MHRA and SANAS
databases), UK and SA’s medical device industry association databases such as the
ABHI and SAMED and also from EU commission database. The bibliography
contains reference to each document reviewed. The study applied content analysis as
a method to review documents. A content analysis is a strategy that generates
inferences through objective and systematic identification of core elements of written

communication (Holsti, 1969).

Collecting archival data: Archival research was performed in this study by
examining historical records of organizations. Historical archives are well recognized
in the case study method in both a historical and contemporary context (Easton, 1995,

Yin, 2003). They can enable longitudinal research to cover a considerably longer
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period of time to observe process and change, and they can provide the generous

descriptions that case studies require (Pettigrew, 2012).

Some researchers consider archival research as a type of secondary data analysis,
where the researcher will probably not have been involved in the data collection, but
extracts information to answer their research questions (Bryman, 2007). Archival
research could be considered as a continuation of the efforts of the interviewer to
provide concrete evidence for the findings through the interview (Cassell and Symon,
2004). It deserves mention that using secondary data in archival research could save

time and cost during the research process (Cassell and Symon, 2004).

The archival data collected in this study includes newspapers, company archives,
public records, governmental announcements, etc. The archival data for the firms
includes company histories, annual reports, press releases, and presentations
throughout the years, as well as past interviews given by the executive and managers.
These documents were obtained mainly from the firms through their corporate
websites, and in some cases were requested directly during the interviews. In addition,
technical and industrial journals and newspapers were scanned to identify relevant
articles about these firms. These archival materials about the activities of the firms are
valuable as they are rich in detail, which allows the researcher to have a better
understanding of these past events. A weakness of historical data can be the
difficulties of verification (Welch, 2000). As this research also includes interview data

as well as a cross-check done whenever possible, it is therefore less of a concern.

Institutional Support and Practicalities of Data Collection

NEPAD-The Southern Africa Network for Biosciences (SANBIio) and the Medical
Imaging and Radiation Sciences Department (MIRS), University of Johannesburg in
SA hosted the fieldwork visits (see Affiliation Letter in Appendix 7). The researcher
was attached to these research and academic institutions whilst undertaking data
collection. This afforded the opportunity to present the project proposal and findings
to personnel at NEPAD SANBIo and experts in the field of medical devices. This
methodological cross-checking is perhaps worth noting. Association with these

institutions also facilitated gaining access to certain individuals and organizations.
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Data collection is SA was divided into two stages. An initial visit of two and a half
months from the beginning of October to mid-December 2016 and a second visit of
another two and a half months from mid-February to end of April 2017. There are
certain advantages of designing the data collection phase as two distinct parts. For
example, the interim provided a useful breather to reflect and if required ask for any
clarifications. The interim period was also used to collect data from the UK-based

firms.

5.4 Ethical Considerations

Ethical considerations are vital in the conduct of this research as it involves collection
of data from people and organizations. A project registration and risk checklist for the
research detailing the methods, nature of information being sought and types of
participants was prepared for each type of data collection activity. It also included an
assessment of the types of issues that may arise. The project registration, risk
checklist and participant consent form were submitted and ethics approval obtained
from the Open University Ethics Committee for all phases of this research (see
Appendix 3 for the research ethics approval memorandum). The necessary steps for
ensuring anonymity and confidentiality were designed into the research schedule.
Prior to the interviews, informed consent to participate in the interview was obtained
from each interviewee as outlined in the ethical procedure spelt out from the Open
University Ethics Committee. A copy of the consent form used for this study is

provided in Appendix 4.

5.5 Data Analysis Methods

5.5.1 Thematic Analysis

The nature of the findings was mostly qualitative in this research (regardless of the
findings of archival research). There was more emphasis on opinions and perceptions,
rather than the numerical differences between the responses from different
respondents. The qualitative interview data was therefore analyzed thematically with
relevance to the research questions (Gillham, 2005). Thematic analysis can be defined
as the interpretation of qualitative data through organizing it into codes, categories
and themes (Boyatzis, 1998). It is a method by which patterns (themes) within the
data can be identified, analyzed and reported, allowing the researcher to both organize

data and interpret the research topic (Braun and Clarke, 2006). Extracting and
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analyzing emerging themes, categories and codes from the data was an ongoing

process throughout the research.

Both the UK and SA study questionnaires (see Appendix 1 and 2) were formulated
on the basis of the research questions and also on the conceptual framework. It was
divided into three parts. The first part was entitled background information — this was
to elicit information about the nature and scale of operations of the company,
regulator, industry association, notified body, consultant, etc. The second part was
entitled understandings on regulation and regulatory changes. The aim here was to
document what interviewees considered to be the primary norms operating within the
regulatory space, whom did they identify as the key stakeholders and to benchmark
what they considered to be the most important regulatory changes. The changes could
relate to both normative as well other physical changes in the industry. In the third
part, the interviewees were asked about their perception of the effects of regulatory

changes on industrial capabilities and development of medical devices.

5.5.2 Thematic Analysis: the process

After the audio recordings were transcribed and checked, the scripts were re-read to
gain further familiarity with the text. Coding, the process whereby all data (individual
sentences and/or chunks of text) are assigned a descriptive label, was then conducted.
The NVivo program was used to tabulate the transcribed data. Coding is referred to as
“the transitional process between data collection and more extensive data analysis”
(Saldana, 2009, p.4). In making sense of this mass of data, at the first stage key
themes were generated, guided mainly by the research questions, the theoretical
framework used and also by aspects that were reiterated by the interviewees.
Thereafter, the ultimate analytical categories were selected through a process of
iteration. The categories when seen as a set could help envelop the entire gamut of
responses in a logically related manner that would address the research questions. The
linkage between the analytical categories and the research questions have been further

explained and presented in chapters 7 and 8 detailing the case study results.

5.5.3 Data Matrices
A data matrix is a way to present qualitative data as well as make an analysis.

Matrices are essentially tables that consist of columns and rows representing
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theoretical concepts and observations from research units. Data matrices were initially
introduced by Miles and Huberman (1994) as a device to present data. Yet the
decisions of the columns and rows need to rest on theoretical analysis of the data.
Hence, data matrices can possess both a descriptive and an explanatory function Miles
and Huberman (1994). Data matrices are frequently adopted by researchers
conducting analyses on multiple units of research, e.g., firms or regulation (Nadin and
Cassell, 2004, Averill, 2002). In this study, cross-case data was analyzed through a
matrix containing different firm capability theoretical themes and the selected
regulatory changes (categorized as either enabling or constraining and their sub-
categories). Levels of sub-categories are included to indicate whether the regulatory
changes were discriminating or indiscriminate among products on the basis of
intended target. Detailed data matrix analysis is presented in the Cross-case analysis
Chapter 9.

5.6 Conclusion

This chapter has described the methodological approaches employed in obtaining and
analyzing data for this study, including the practicalities and ethical issues faced by
the researcher. The data collection and analysis approaches employed all reflect a
desire to adopt a holistic approach in dealing with this complex relationship between
firms, institutions, health technologies and regulatory changes. Following on from this
presentation and discussion of methodological issues, the next chapter gives further

details on the three selected regulatory change case studies.
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CHAPTER SIX
CASE STUDIES ON MEDICAL DEVICES REGULATORY CHANGES IN
THE UNITED KINGDOM AND SOUTH AFRICA

6.0. Introduction

This chapter presents three case studies of regulatory changes that have been selected
for this study. The research question discussed in this chapter is: What changes have
been made to regulation of medical devices and what approaches were utilised by
regulators to implement the changes in the UK and SA? Therefore, the aim of this
chapter is to, first, analyze and explore the two regulatory change cases in the UK that
were highly significant for the medical device industry. Each regulatory change was
different: one was a major extension of regulatory reach into software; the other
introduced unannounced audit visits therefore toughening regulatory compliance
processes. Second, the chapter will also analyze and explore the regulatory change
case of radiation emitting devices in SA that promoted safety in the workplace and

prevented unnecessary exposure to radiation.

As discussed in the research methodology chapter, selection criteria of these three
regulatory changes included the presence of significant perceived impact, indications
of differences in impact between firms, and the availability of empirical data relevant
to the study. The dates of the regulatory changes are sufficiently far back to permit
long-term analysis, but not so distant as to make data access difficult. These changes
are also well suited for exploring the impact areas outlined in the theoretical chapter
(i.e. investments, production, and linkage capabilities). As such, the case narratives

serve as an important basis for the analyses that follows this chapter.

6.1. Regulatory Change Case: Software as Medical Device in the UK

Failures in medical device software in the past have resulted in severe or fatal
consequences. Between 1985 and 1987, according to McHugh et al., (2012) four
people died and two were left permanently disfigured by a software-controlled
radiation therapy machine known as Therac-25. Therac-25 used software to control a
beam spreader plate, which reduced a patient’s exposure to radiation. However, due to
software malfunctions, the plate was not in place when required and patients received

massive doses of radiation. This case highlighted the need for adequate safety
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measures to protect patients and third parties i.e. clinicians, using medical devices

controlled by software (ibid).

A revision to the European Medical Device Directive (MDD) 2007/47/EC was
motivated by the past software failures and the request of the member states to expand
and cover all aspects of community regulatory framework for medical devices made
amendments to the original directive (93/42/EEC). The revision included all areas

relevant to medical devices including risk and quality management.

6.1.1 New Requirements for the Development of Medical Device Software

The MDD 2007/47/EC regulatory changes required manufacturers to provide proof of
clinical efficacy for all devices. In addition, the amendments made it mandatory for
all customized medical devices to undergo post-market surveillance. It was also
required that the patient for whom the device was customized should be given
particular information (European Commission, 2007).

The most significant amendment within the MDD 2007/47/EC was the provision for
standalone software to be used as an active medical device. The MDD 2007/47/EC
Annex IX Section 1.4 states: “stand-alone software is considered to be an active
medical device”. It defines an active medical device as “any medical device operation
which depends on a source of electrical energy or any source of power other than that

generated by the human body or gravity” (European Commission, 2007).

The new regulatory requirements highlighted that software was to be considered as a
medical device if its intended purpose is to be used for diagnosis, monitoring,
treatment or alleviation (Klimper and Vollebregt, 2009). For software that qualifies
as a medical device but is not yet CE-marked or is a new version that is not covered
by the previous CE mark (for example, because it is an update to remedy a flaw that
caused an incident), a manufacturer is prohibited from running that software in human

tests outside of an approved clinical trial setting (KIumper and Vollebregt, 2009).

Therefore, safeguards must be put in place to ensure that such software is safe and fit
for purpose. To ensure this, the amendment also states: “the software must be

validated according to the state of the art taking into account the principles of
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development lifecycle, risk management, validation and verification?® ” (European
Commission, 2007). The MDD 2007/47/EC, therefore, marks the introduction in the
European Union of stricter rules for software used with medical devices (Klimper and
Vollebregt, 2009).

Since this requirement was introduced, software development firms must validate
software whether integrated or standalone, regardless of device class. The “state of the
art” medical device software processes is understood within the industry as
developing software in accordance with the harmonised standard “International
Electro-technical Commission (IEC) 62304” and other standards that are aligned with
it (McCaffery et al., 2011).

IEC 62304 contains a number of processes for medical device software development
and maintenance which firms are recommended to follow in order to implement
medical device software best practices and to streamline the process of achieving
regulatory approval. IEC 62304 as it is a software development standard; it does not
cover or provide full guidance on system level activities such as validation and
release. As a result, IEC 62304 roles off the system processes to aligned standards
such as ISO 13485 which provides the comprehensive quality management system
framework for the design and manufacture of medical devices and 1SO 14971 which
provides fundamental guidance on a product’s intended use, determination of
potential hazards, risk mitigation, and post marketing surveillance methods
(McCaffery et al., 2011).

To summarise, IEC 62304 is a medical device software development lifecycle process
standard. Software developed that follows to IEC 62304 activities and tasks is
established upon the principle that the software is developed in accordance with a
quality management standard (e.g. I1SO 13485), a risk management standard (ISO
14971) and a product level standard (EN 60601-1) (Fiedler, 2017).

20 Software verification and validation (V&V) is performed in order to ensure the quality of
the software. Verification ensures that the software or product meets the requirements for it.
In other words, that the software works as specified. Validation on the other hand is
concerned with whether the software meets the customer needs and requirements. In other
words, does the software work in its intended use.
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The relationship between these standards and the EU medical device regulation is
shown in table 6.1.

Table 6.1: Applicable Directive, Standards and Technical Report for the development
of medical device software and achieving regulatory approval. Source: (Fiedler, 2017)

European Regulation Medical Device Directive 93/42/EEC
(Amendment 2007/47/EC)

ISO 13485 — Quality Management Systems,
Applicable Standards IEC 62304 — Software Lifecycle Processes,
IEC 60601-1 Medical Electrical Equipment,
ISO 14971 — Application of Risk Management
Technical Reports IEC TR 80002-1

As Table 6.1 shows, medical device manufacturers wishing to achieve regulatory
conformance are recommended to follow the relevant applicable standards. Evidence
of the applicable standards can improve the process of achieving regulatory

conformance.

Furthermore as shown in the Table 6.1 above, the device manufacturers’ were
required to prepare the technical documentation for the medical devices to
demonstrate the conformity of the device with the MDD. Technical documentation
has to cover the following aspects of the medical device: device description; raw
materials and component documentation; intermediate product and sub-assembly
documentation; final product documentation; packaging and labeling documentation;
and design verification which includes the results of qualifications tests and design
calculations relevant to the intended use of the device (MHRA, 2008a). Clinical data
and manufacturing testing records are also required as part of the technical
documentation (MHRA, 2008a). Manufacturing and test records are required to show
compliance with the defined procedures and specifications. In the case of implantable
devices, and in addition to existing requirements, manufacturers were now required to
retain the technical documentation for at least 15 years from the last date of
manufacture and keep it available for the national authorities (European Commission,
2007).

As part of the MDD 2007/47/EC amendment, there are other major areas, which have

had a huge impact on medical device manufacturers: One area is that, prior to the
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release of MDD 2007/47/EC, clinical data was only required when seeking regulatory
approval for Class lla, Class Ilb and Class Il devices. However, this has now
changed and as a result clinical data must be supplied when seeking regulatory
approval regardless of device classification. Clinical data is defined as safety and/or
performance information that is generated from the use of a medical device (McHugh
etal., 2012).

6.1.2 Outsourced Design and Manufacturing Process Requirement

The other area within the amendment of the revised MDD 2007/47/EC with important
significance to medical device software development is outsourced design and
manufacturing process. As part of the MDD 2007/47/EC amendment, should a device
manufacturer outsource any part of the design or manufacturing process, then the
manufacturer must be able to demonstrate that adequate controls over the whole chain
of development of the software concerned have been put in place (European

Commission, 2007).

Firstly, the medical device manufacturer must ensure that the supplier is fully utilising

a quality management system such as the 1SO 13485.

Secondly, the manufacturer must ensure that the development process of the software
fits the requirements imposed by the new regulation and the applicable standards,
such as EN 62304 (European Commission, 2007). To achieve this, the manufacturer
must ensure that they know from where all the elements of their software originate i.e.

the software should not contain any software of unknown provenance.

Thirdly, the manufacturer must ensure that all of the elements of the software have
been developed according to the requirements in the annexes to the MDD and the
applicable standards (European Commission, 2007). This means that it is also

mandatory for third parties to conform to these requirements and standards.

Fourth, the manufacturer must ensure that they have access to or preferably ownership
of the third-party developer’s data that must be submitted in the technical file for CE-

marking (European Commission, 2007).
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Finally, the manufacturer must require that its subcontractors report any design
changes in their software, as design changes may necessitate notification to the
notified body that audited the software before it was altered and should be included in
the manufacturer’s technical file (Klimper and Vollebregt, 2009).

In summary, the effects of this first regulatory change are far-reaching, determining
overall company strategies, which types of company succeed, and ultimately the
structure and dynamism of the sector as a whole. The firms’ actions related to the
implementations of new requirements had an influence on their in-house capabilities
and position in the market vis-a-vis other firms. This regulatory change allows us to
assess firm response to a major extension of regulatory reach. The next section
describes the second regulatory change case selected for this study that introduced the

unannounced audit visits to medical device manufacturers and their critical suppliers.

6.2 Regulatory Change Case: Introduction of unannounced audit visits in the UK
In May 2008, the European Commission launched a public consultation for a ‘recast’
of the medical devices legislations. This was met with some amount of surprise and
skepticism by the industry and some national competent authorities (NCA) given that
recast was close on the heels to the significant amendments that introduced the new
Directive 2007/47/EC, which entered into force on 11 October 2007 (Chowdh