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1 Executive Summary
Healthcare constitutes one of the major challenges that are facing modern society. Due to demographic and global
trends, such as an ageing population, environmental changes and the increasing risk of pandemics, new solutions
are needed that can be made available at affordable costs. Innovation in the medical and healthcare domain will only
be possible by the integration of electronic components and systems (ECS) into medical devices, enabling the
so-called digitization of healthcare.
The Health.E Lighthouse was initiated by the ECSEL Joint Undertaking with the objective to explore how the ECS
community can contribute to innovation in the healthcare domain.1 Two workshops were organized for stakeholders
(industry, academia, research institutes, healthcare organizations, policy makers) in order to identify the emerging
medical domains that could be served by ECS, and to develop a way of working that would enable the ECS and
healthcare communities to cooperate in the most effective way for the acceleration of innovation in medical devices.
A White Paper on Emerging Medical Domains for the ECS industry was published by the Health.E Lighthouse, in which
thirteen emerging medical domains were identified and described.2 The objective of this second White Paper is
to present an analysis and give recommendations on how these emerging medical domains can be served by the
ECS industry. The basic message is that innovation in healthcare can be accelerated if the lessons learned in
microelectronics (“Moore’s Law”) are applied in the healthcare domain (“Moore for Medical”). For this to happen it is
essential to share pre-competitive technology know-how across the multidisciplinary value chain of technology
providers (industry, academia, institutes). This will enable the creation of open technology platforms (OTPs) that can
be utilized to stimulate innovation in healthcare in the fastest, most expedient and cost-effective way.
4

The following possible challenges for the setting up of OTPs for the microfabrication of ECS-based medical devices
have been identified:

l
l
l
l

Ownership and financing
Ease of use and access
Duplication and benchmarking
Excellence versus innovation

l
l
l

Product lifecycle
Data platforms
Regulations and certification

These challenges and how they can be tackled is described in this White Paper. Finally, recommendations are given
on how the ECS industry, the healthcare community and policymakers can cooperate in the best way to stimulate the
creation of open technology platforms and thereby stimulate innovation in healthcare.

1
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https://www.ecsel.eu/healthe
https://www.health-lighthouse.eu/publications
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Innovation in microelectronics and healthcare

2.1 Innovation in microelectronics: “Moore’s Law”
The two ideas that constitute the foundation of microelectronics are the invention of the solid state transistor by Shockley,
Bardeen and Brittain in 1947 and the incorporation of multiple transistors into a single device, creating the first integrated
circuit, by Kilby in 1958. The first commercial IC (“chip”) was manufactured by Texas Instruments in 1961. The real
success of microelectronics, however, has been due to the sustained miniaturization, over many decades since, of the
basic components. This enabled the integration of more and more transistors, exponentially over time, increasing
functionality and performance of the device, while decreasing, also exponentially, the cost per transistor. This trend
became known as “Moore’s Law”.
Sooner or later, exponential trends will come to an end. In the case of microelectronics, the road to new technology
generations could have been blocked by either physical barriers or economic constraints – or both. New transistor
concepts, new materials, new designs and architectures were proposed to address the physical limitations, but these
would have been of little use if the economic challenge, caused by the rapidly increasing R&D costs for each technology
generation, could not be solved.
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The economic model that today is the determining factor for the success of the microelectronics industry was not so
much conceived and planned, but rather discovered. In the early seventies, when the microelectronics industry started
to be booming, the larger semiconductor companies owned the complete supply chain of their business: they
manufactured materials (silicon wafers) and processing equipment (furnaces, patterning tools), developed their specific
process technologies and designs in their own R&D facilities, and manufactured their microelectronic products in their
own factories. Each new technology generation brought with it an increase of transistor density and device capability
and performance, but also an exponential growth of development costs. In due time, in the seventies and eighties, the
OEMs realized that they were financing a complete supply chain, whereas only a small part of it, product and application
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development, was their essential business. This led to the insight that, from the point of view of an ECS company, a
large part of the supply chain could be considered as pre-competitive and that it would be more expedient to focus
R&D expenses only on the creation of specific IP value for the company, rather than paying for the complete supply
chain (see diagram). Consequently, process technologies (such as CMOS) became more and more generic and
standardization became possible. This has enabled the creation of open technology platforms, which can be shared
by multiple users for a large variety of specific applications.
In the semiconductor domain, the model of single-company ownership of the complete value chain has been replaced
by an ecosystem with many partners, including universities, RTOs, materials and equipment manufacturers, design
houses, ECS suppliers and end users. This infrastructure makes it possible to generate new concepts, to tackle
technological challenges, to develop new ECS-based solutions and innovations, and bring these to the market in the
fastest and most cost-effective way.

Open technology platforms constitute an essential
capability for the ECS ecosystem. They are the basic enablers
for innovation in microelectronics.

6

2.2 Innovation in healthcare: “Moore for Medical”
The current practice with respect to the manufacturing of medical devices is somewhat reminiscent of the situation in
microelectronics in the early seventies. Each medical device, say a medical imaging system or a state-of-the art
catheter, is developed as a dedicated instrument for a specific application. As the sophistication and complexity of
these devices grow, the development costs will increase exponentially, and in due time innovation by the creation of
point solutions will no longer be sustainable.
This problem can be alleviated by the implementation into the healthcare domain of the lessons learnt in the
microelectronics industry. The complexity of innovative medical devices is increasingly determined by its electronic
content, a development that is very similar to what happened in the communication industry some decades ago (with
the advent of smart phones) and in the car industry more recently. Electronic components and systems will play the
same role as enablers and drivers of innovation in the medical and pharmaceutical industries and in the healthcare
domain in general.
This paradigm change in the healthcare domain can be achieved by a basic change in development strategy and
methodology. In the conventional development model, new medical devices are dedicated point solutions more or
less designed from scratch, using unique components and a unique architecture. In the new development model, a
novel medical device is designed as an integrated smart system, incorporating ECS-based components and
embedded software. Both the hardware and software subsystems are embodiments of generic technologies, based
on standard microfabrication processes (available from foundries), standard design tools and commercially available
(or even open source) software solutions. Microfabricated medical devices can be produced in high volumes and
therefore can be relatively cheap. However, they can be used as building blocks for a wide variety of applications. In
this way, very complex systems – actually: systems-of-systems – can be built without running into the cul-de-sac of
exponentially increasing complexity and exponentially increasing development costs.
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For this revolution in the healthcare domain to happen, some preconditions have to be fulfilled. The model for this has
been laid out in the semiconductor community in the following way:
l
An ecosystem has to be created that incorporates all relevant partners in the value chain, from technology suppliers,
device manufacturers and care providers to end users;
l
Technical and scientific challenges are identified and addressed in a cooperative research and development effort;
l
Generic technologies are used to build open technology platforms that can be used for the fabrication of a wide
range of ECS-based medical devices;
l
Patient databases, created within the scope of public funded research cooperation, are made available (under
GDPR) to the community in order to accelerate the validation and regulation process;
l
Regulation is one of the key drivers of the R&D costs for medical device development. The certification process
has to be further optimized and integrated from the very beginning of the research and development process.
Microfabrication is key for the manufacturing of medical devices, but it will only be cost-effective if a wide range of
applications can be served with the same technology toolbox, using modular technology options as building blocks.
This will ensure that novel microfabricated medical devices can be conceived, demonstrated, qualified and
manufactured in the fastest and most cost-effective way. There is no reason why Moore’s Law could not be applicable
in the medical domain. “Moore for Medical” will be the driver of innovation in healthcare.

7
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What is an Open Technology Platform?

The terms “technology platform” and “open technology platform” are used in many different contexts, which may cause
uncertainty on how they have to be understood. Also, there may be confusion about IP and ownership of an open
technology platform. Therefore, it is useful to define an open technology platform in the context of the microfabrication
of ECS-based medical devices, which is the subject matter of the Health.E Lighthouse and this white paper.

An open technology platform (OTP) is a technology offering that is
made available to multiple users for multiple applications on
normal commercial terms. The platform is exploited and maintained by the
platform owner, who also owns the technology-related IP and
manufacturing know-how.

8

Open technology platforms can be implemented in hardware or software, or a combination of these. They can be
established along the entire value chain. In the hardware domain they may comprise e.g., materials, process
technologies, devices, modules and even complete systems. Open technology platforms can even include production
equipment. However, it is early in the value chain that open technology platforms tend to have the highest impact on
innovation.
Typically, open technology platforms:
l
Are accompanied by a design kit that contains a design environment, simulation tools that allow the user of the
platform to predict the performance of the final product, and a set of design examples;
l
Offer a prototyping service in the form of fast turnaround sample production or multi-project runs, which allows
users of the platform to verify their design and improve it iteratively at reasonable costs;
l
Are accompanied by a roadmap that outlines future improvements to the platform, enabling users of the platform
in their turn to generate roadmaps for their products. Ideally, these roadmaps are defined and established in a
cooperative way by the relevant industry associations. This process will result in an optimal alignment between the
suppliers of materials, process technology and equipment.
Open technology platforms will:
l
Stimulate innovation by:
– Creating the production volumes that are necessary for sustainable innovation in materials, processes and
equipment;
– Allowing users of the platform to focus on their specific solution rather than having to spend resources on basic
technology development.
l
Increase the agility of the industry by:
– Enabling versatile manufacturing of many different products;
– Shortening time to market;
– Using available databases for validation and testing;
– Avoiding duplication in R&D.
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Reduce risk by:
– Building on proven and qualified technologies.
Reduce costs by:
– Saving R&D resources;
– Enabling cost-effective product development by the application of modular standardized building blocks.

Wearable ultrasound
One way to help manage cost in healthcare is by monitoring patients in their home environment by means of
wearable and remote sensing devices. Next to smart body patches that can measure parameters at the surface
of the skin, the development of silicon based MEMS ultrasound transducers has made it possible to fabricate
patches that can ‘look’ deep inside the body. These wearable ultrasound sensors can be used for multiple
purposes, e.g. to monitor the content of the bladder, to measure cardiac output, or for fetal monitoring. In the
PENTA project ULIMPIA, a Dutch and German consortium developed a universal wireless ultrasound patch
platform that can be tailored to many applications. Currently, work is in progress to commercialize this platform
and make it available as an open technology platform to multiple medical equipment manufacturers for different
applications.
www.ulimpia-project.eu
Prototype of the world’s first MEMS based
ultrasound patch, realized in the PENTA project
ULIMPIA.
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4

Challenges

Open technology platforms have brought the semiconductor world to where it stands today. In all branches of the
semiconductor industry open technology platforms are the standard on nearly all levels in the value chain. Today,
literally anybody with a powerful workstation and a design kit can start a semiconductor company. The endorsement
of open technology platforms has resulted in an enormous pace of innovation in a capital intensive industry where
innovation would have been prohibitively expensive or even impossible without open technology platforms.
In the workshops and interviews that were conducted in the framework of the Health.E lighthouse, the lack of OTPs in
the medical device domain was broadly recognized as being one of the main factors hampering the speed of
innovation. However, although it is very tempting to make a direct analogy between the semiconductor industry and
the medical device industry, several aspects were identified where these industries fundamentally differ, and where it
will be a challenge to adopt the OTP model to medical devices.
In this section the challenges that have been identified will be listed, and where possible directions for a solution will
be discussed.

10
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4.1 Ownership and financing
Over the past 50 years the success of the semiconductor industry has convinced private and public investors that the
huge investment requirements for innovation will result in a healthy profit. After decades of successful migration from
one CMOS technology node to the next, industry, investors and even the public have grown confident and accustomed
to the success of the industry. At the same time, the financial and technological risks associated with innovation have
been mitigated by the development of extensive roadmaps that make innovation a concerted effort in which the financial
burden and risks are shared by many actors.
For the medical device domain this situation is completely different, this especially holds for emerging technologies.
Although it is not difficult to envisage the benefits of emerging domains, such as organ-on-chip, personal ultrasound,
or smart wound care, there is no history to demonstrate that these new propositions will grow into fields that not only
provide better and more affordable healthcare, but that additionally will result in profitable businesses that are able to
support sustainable innovation.
This naturally leads to the question of ownership. Who are the most natural candidates to take the initiative for the
development of the open technology platforms needed to realize these emerging domains and how will this be
financed? It is difficult to address these questions separately. In this section three possible candidates will be reviewed:
pure play foundries, ventures and startups, and large enterprise medical companies.
Pure play foundries
When any form of microfabrication is involved, pure play foundries are the natural candidates to be platform owners.
Especially for technologies that can be used also in non-medical applications, there are now foundries that start offering
platforms that are also happily adopted by medical device makers. Integrated photonics for example was originally
developed for high speed data communication, but the same technology can be used in many point-of-care devices
where light is used to detect pathogens etc. Another example is microfluidics, which not only finds application in labon-chip applications, but increasingly in organ-on-chip devices as well.
An obvious but nevertheless important lesson learnt here is that to make the development of a specific technology
platform for a medical application economically feasible, it is important to define the platform in such a way that it can
also serve other, potentially high-volume, non-medical applications. SILEX for example is industrializing a thin-film piezo
technology that serves as an actuation layer in all kinds of MEMS and haptic feedback devices, but that also can be
used to fabricate medical ultrasound transducers (PMUTs).
Since many technologies originate from academia and RTOs, the development of platforms that find a wider application
than only in medical devices can be stimulated by making it an explicit requirement for public funding.
Ventures and startups
It could be argued that in an emerging field a venture or a startup is a logical candidate to take the ownership of a
technology platform. However, technology development, especially if it involves any form of microfabrication is
prohibitively expensive, while development times are long and risky. Ventures or startups that aim at developing and
owning open technology platforms therefore by necessity have to rely heavily on investor funding to finance their
product development.
The primary objective of investors is to turn their investment as quickly as possible into profit. The focus here is nearly
always on the development of a cure, solution, therapy, or end-solution that represents a high value to patients and
society, while the underlying technology is just a means to reach that goal. Most investors are not interested in investing
in the development of open technology platforms that can then be used by others to realize high value solutions. As a

11

result, many initiatives that start with the development of open technology platforms are forced to turn their focus
towards the development of high value solutions.
A good example here is the Dutch organ-on-chip company MIMETAS that started in 2013 as a startup company with
an open technology platform for organ-on-chip, the “Organo Plate®.”
Currently they are now rated by Yole as the number two player in the field of organ-on-chip after Emulate. Like so many
other startups in the medical field, MIMETAS was spun out from a university with the mission to commercialize an
academic technology. Under pressure from investors, the focus of MIMETAS has now shifted from platform technology
development to the development of readymade organ models and even direct drug compound screening.
While many startups and ventures are struggling to secure investments, (private) investors, especially in the US, are
sometimes willing to invest hundreds of millions of dollars in a single proprietary technology platform. However, even
massive funding is not a guarantee for a breakthrough in an emerging domain. In 2009 for example, entrepreneur and
philanthropist Hansjörg Wyss3 invested $250 million in the Wyss institute in Harvard, amongst other for the development
of the Emulate® organ-on-chip technology platform that still has not been widely adopted by industry. Many people
fear that if in the end the Emulate® platform fails to fulfil its expectations, this might set back the whole organ-on-chip
field.
Large enterprise medical companies
Large medical companies not only have the resources to develop from scratch new technology platforms, but they also
have the application knowledge needed to guide the development in the right direction.
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At first sight it is not at all obvious why large enterprise medical companies would invest in developing technology
platforms that are open to third parties. However, also large companies see the value chain expanding from devices to
solutions, software, algorithms, AI and workflow integration. Innovation requires investments in research and development
in all these aspects. With value rapidly shifting from ‘technology’ towards ‘total solutions’, sharing of basic technology
not only becomes feasible, but also necessary to ensure continuous innovation in basic technology in the future.
One of the companies that successfully embraced this concept is Biotronik, a medical device company with products
and services for cardiovascular and endovascular diseases. Micro Systems Technologies (MST) is the vertically
integrated supplier of microelectronics and implantable-grade components to Biotronik, but it also offers its development
and manufacturing services to others, including the design and development of customer-defined electronic modules,
custom ASIC design and development, and high-density-interconnect (HDI) substrate and assembly design4.
Overall, however, the concept of a large medical device manufacturer developing basic technology that is subsequently
shared with others is quite revolutionary. Here, public funding can be a good instrument to bridge the gap between
what is common practice today and a new innovation model for the future. Collaborative initiatives can bring technology
providers, platform owners and platform users together to pave the way towards open technology platforms. An
example is the ECSEL JU project POSITION-II, where 45 partners participated in the joint development of an open
technology platform for the realization of the next generation smart catheters and implants. In the project, many
technology partners contributed to the development of the Flex-to-Rigid smart catheter integration platform that is
hosted and exploited by Philips.5 At the same time, potential users of the platform had the opportunity to assess its
suitability through demonstrators.

3

http://wyss.harvard.edu/viewpage/430
http://www.implantable-device.com/category/aimd-companies/biotronik/
5
www.engineeringsolutions.philips.com/cmut
4
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Smart catheters
Minimally invasive surgery has greatly reduced trauma and hospitalization after surgery. Smart instruments and
catheters provide ‘eyes and ears’ to the surgeon at the location where he or she needs them most. Important
as these lifesaving instruments are, until now they are made only in technologically outdated point solutions. In
the ECSEL JU project POSITION-II, a large European consortium consisting of technology providers and endusers have developed the Flex-to-Rigid platform, which combines MEMS ultrasound and complex electronics
with extreme miniaturization. Flex-to-Rigid and CMUT MEMS ultrasound transducers have been industrialized
by Philips and are now available to different manufacturers as an open technology platform for a variety of smart
minimally invasive instruments.
www.position-2.eu
Prototype of a forward looking
intracardiac echocardiography
catheter, realized in the ECSEL JU
project POSITION-II.
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4.2 Ease of use and access
One of the prerequisites for a platform to be used and find its introduction in (medical) devices is that it must be readily
accessible to users. Potential users must be able to “play” with it, try it, and test it to build enough confidence to
abandon any plans for developing their own point solution. Making extremely complex technologies accessible to
users is one of the aspects the semiconductor industry has excelled in. The instruments that have been developed for
this over the past 50 years include:
l
Sophisticated design tools;
l
Design houses;
l
Low-entry barrier multi project runs;
l
Development and application boards and modules.
The development of these instruments has of been fuelled by the enormous volume and turnover of the semiconductor
industry. However, it is impossible to directly copy what has been achieved in this respect by the semiconductor industry
to the medical domain. It is not true that these instruments are completely lacking in medical device technology
platforms, but there is ample room for improvement.
In this section the potential for the implementation of these instruments for medical technology platforms will be
discussed.
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Design tools and design houses
One of the powers of the semiconductor industry is that it has been able to condense the very complex processes that
have to be performed in a silicon chip into the operation of a limited number of parameterized devices that are extremely
well modelled. A circuit designer only needs to have a basic understanding of the intricate physics of a transistor,
because this is all captured in behavioral models. These models make it possible to design a chip on an electronic
circuit level, rather than starting from the underlying physics.
There are certainly ongoing attempts to come to accurate models for platforms for: micro fluidics, organ-on-chip,
MEMS ultrasound, integrated photonics etc. However, in view of the relatively small volume and turnover for each of
these technologies, it is unlikely that these design tools will ever reach the level of maturity and sophistication
comparable to what is achievable in the semiconductor world. In most cases a higher level “circuit level” design will
need to be combined with “device level” design using specialist multi-physics design tools. The required knowledge
for this takes time and money, which will hamper the adoption of a technology platform. Here specialized design houses
may offer a solution.
In the semiconductor industry, design houses are the interface between foundries and potential users that do not
possess the detailed knowledge required to design a chip themselves. A design house listens to the wishes of an end

Customer

ASIC

Assembly
& testing

Design house

Foundry

The role of design houses in the value chain.
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user and translates the requirements into a set of specifications, which in turn are translated into a circuit and chip
design. The design house interfaces with the foundry to have the design manufactured in a multi-project run.6
Most design houses have the capability to evaluate the chips, and after a potential second iteration the design is
handed over to the customer.
Also, for specialized technology platforms for medical devices it is not difficult to imagine specialized design houses
that, together with a foundry, translate a function into a working device or prototype. Such a design house can be either
part of a foundry or an independent organization that works with different foundries in different disciplines.
Development and application boards and modules.
Imagine an SME that has been able to tackle all the barriers listed in this section so far and that has been able to get
their device designed and made. The next step is to test and build it into an application. In most cases also dedicated
electronics and sometimes fluidic circuitry will be needed to make the device work.

Increasing software content

Full functional system
Development board
Module
Chip
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From electronic component to integrated system.

MEMS ultrasound transducers may serve as a helpful example. Several foundries are now offering either capacitive or
piezo based MEMS ultrasound transducers on a foundry base. However, creating from the basic transducer a building
block that can drive the transducers and do beamforming is an enormous step that requires very specialized
knowledge. This expertise is generally not available in the average SME that wants to make an ultrasound diagnostic
application.
Here again it is instructive to see how the semiconductor industry has solved this problem. The complexity of modern
chips can be overwhelming. The datasheet of a mainstream low-cost microcontroller easily encompasses many
hundreds of pages, making it very difficult for companies that do not have extensive resources to use it in their
applications. To help them getting started, semiconductor companies have developed tiny modules in which these
advanced chips are already embedded in the necessary peripheral components, with the electrical connections
arranged in such a way that it allows for rapid prototyping. At the same time a software design environment is made
available in which the module can be programmed using a high-level language.
The same idea can be extended to medical device building blocks. In the PENTA project ULIMPIA for example, a
standalone ultrasound module was developed containing a CMUT MEMS ultrasound transducer, a dedicated ASIC,
an FPGA and some peripheral components. The module can be programmed with a standard SPI interface to produce
an ultrasound “beam” in a programmable direction and focus, after which the reflected and received signal can be
readout through the same interface.
6

Many semiconductor foundries offer multi-project runs, where different designs by different customers are combined on a single wafer
(multi-project wafers, MPWs).

4.3 Duplication and Benchmarking
Almost every emerging field stimulates the development of underlying technologies that may be competing mutually.
In the emerging field of personal ultrasound, for example, there is a whole range of MEMS technologies that are all
pushed forward as the winning candidate. On one hand there are the capacitively actuated devices, and they come in
collapsed or non-collapsed flavors. On the other hand, there are piezo activated devices that are either based on thinfilm PZT layers, AlN or polymers. On top of that, all these variants can either come as standalone devices or they may
be integrated directly on the driving ASIC.
The same situation can be found in the emerging field of organ-on-chip, where platforms are being developed based
on a variety of substrate materials, such as PDMS, polycarbonate, glass or silicon. Manufacturing technologies are
also different. Organ-on-chip devices can be made by molding, extrusion, thin film processing or printing. With so
many choices it is not surprising that pharmaceutical companies are hesitant to invest in this new domain.
In an emerging domain based on new technologies, it is never obvious which technology will be the winner – or even
whether there will be a winner at all. Unavoidably, competing technologies must co-exist for some time in order to allow
their development to a certain level of maturity, but at a given moment the pros and cons of the different technologies
have to be assessed, so that the most promising candidates can be further nourished into mature platforms.
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In this process, European funding programs can have a significant impact by stimulating and facilitating pan-European
benchmarks. For example, a European MEMS ultrasound benchmark was organized within the scope of the ECSEL
JU project POSITION-II. No less than ten companies and RTOs joined in a benchmark in which all of them agreed to
manufacture a test device with similar frequency, area number of elements, etc., after which these devices were
evaluated on one setup. Rather than making a best/worst ranking, the different technologies were mapped on the
application axis. As a result of this benchmark:
l
An objective overview of the maturity of the European MEMS ultrasound offering with respect to the rest of the world
was obtained;
l
A better and deeper understanding of the pros and cons of the different technologies with respect to applications
was obtained;
l
Partners learned from each other, resulting in less duplication of work;
l
Partners got a clear understanding of the level of maturity of their technologies in comparison to others;
l
A MEMS ultrasound community that transcends project boundaries was formed.
Without the stimulus and support of European funding it would have been impossible to conduct such a benchmark.
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Organ-on-chip
In an organ-on-chip device, the basic elements of a human organ are re-created by bringing together cells,
microfluidics and sensors. This rapidly emerging field will generate better and more realistic models for diseases
and organs for the development of better and safer drugs. Organ-on-chip is an emerging domain where many
small companies and start-ups are active, producing a wide variety of organ-on-chip devices. These devices
not only all differ in size and shape, but also in the way they are connected to external fluidics and electronic
readout systems. This lack of standardization is hampering the uptake of this new technology by pharma and
clinical research organizations. In order to overcome this, a consortium of more than 24 partners was set up
within the scope of the ECSEL JU project Moore4Medical with the objective to bring these devices into the
standard microtiter plate format that fits into their workflows. This consortium is developing a precompetitive
smart well plate that provides a standardized fluidic and electrical infrastructure for a variety of organ-on-chip
devices from different manufacturers.
www.moore4medical.eu/organ-on-chip
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Artist impression of the smart well plate that is currently being developed in the ECSEL JU project Moore4medical.

4.4 Excellence versus innovation
In the semiconductor world, the development of a new product broadly consists of three phases: research, in which
the concept for a new product is conceived; development, in which the concept is brought to maturity verified by
testing; and finally, production. Although there is often a lot of focus on the research stage, it should be noted that
innovation also includes the development stage, which in practice can easily constitute 80% of the effort, time and
costs needed to bring a new product to the market.
The chicken and egg problem: validation of medical devices
Bringing a medical device product to the market includes at least one, but in most cases two additional stages. If it is
a product for which the efficacy has already been established, the device has yet to acquire regulatory (MDR, FDA,
etc.) approval which, especially for small companies, poses an enormous hurdle.
For devices in the emerging medical domain, for which the efficacy has not yet been established, the situation is even
more complex. Typically, the efficacy of a new treatment or diagnostic tool is established through clinical trials by
physicians in (academic) hospitals or by renowned academic research groups. In the case of the emerging field of
bioelectronic medicine, for instance, a manufacturer of a miniature implant that stimulates the vagus nerve for
immunotherapy will have to prove through clinical trials in the first place that the device is safe, but also that it really
brings benefit to patients (efficacy).
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Before a new device or technology can enter the stage of clinical or academic validation, the product must already be
fully mature and available in suitable quantities. In other words, it should already have gone through the lengthy and
expensive stage of product development. An emerging domain that is seriously hampered by this problem is organ-
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The difference between research and innovation in microfabricated medical devices, shown for the case of organ-on-chip. The ‘research
engine’ can be driven by funding for excellence, but the ‘innovation engine’ could be hampered by lack of funding to address the
valorization questions.
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on-chip. A substantial part of the organ-on-chip research work is funded by national and European projects. Publicly
funded project have a duration of only three or four years, which is usually barely long enough to produce a working
concept. For the validation of the new organ models, academic and institutional research groups will need hundreds,
if not thousands, of high quality reproducible devices. This is only possible after the concept has gone through the
very expensive and time consuming development phase. But who will invest in this if the efficacy of the new device still
has to be proven?
In the terminology used in Horizon Europe, the framework program for collaborative projects, this question has to be
addressed at the technology readiness levels (TRLs) from 4 (technology validated in lab) to 6 (technology demonstrated
in relevant environment). Innovation in MedTech is a tedious trajectory, however. For the validation of a medical device,
many specific aspects have to be complied with from the very start of the project. These include e.g., technical project
documentation from day one, safety and risk analysis (for intended use) and biocompatibility. Suppliers (often SMEs)
need to have a certified quality system (ISO) in place for their products and processes, while a certification is costly
and takes at least a year. Testing and validation of the technologies requires an extended period of time for all TRLs.
Cascaded projects for innovation in MedTech
Publicly funded projects aimed at the development of a new medical device are often expected to include some form
of clinical validation. It may even be required to have clinicians on board in the project. However, the three years running
time of a project is hardly enough to reach a level of maturity for the technology to be used in a (pre)clinical
demonstration (a bench-tested proof of concept, or a prototype that is ready for clinical tests). It is even more unlikely
that a serious clinical evaluation can be executed in the framework of a single project. Ethical approval of a (yet)
uncertified medical product is unlikely. Moreover, the clinical study has to be documented in compliance with the
standards of the ‘notified body’ for certification (which requires the deployment of additional resources). The result is
that the clinicians are consulted at the beginning of a project and then become frustrated towards the end because
the outcome of the project is not mature enough for them to work with in a clinical setting.
Follow-up projects will be needed that are aimed at the validation of technology developed in a previous project, taking
the results from proof of concept to field test models and product models. However, these proposals are frequently
rejected with the comment “where is the innovation?” A solution here is the organization of calls for cascaded projects
where the technical results from the first project are validated in the second project. For instance, one could imagine
a three year KDT 7 or XECS8 project, in which the technology for a new device is developed, being followed by an IHI 9
project in which the device is clinically validated (see diagram). The first project will have a high technical and a smaller
clinical content, while the follow up project will be organized the other way around. The structure of a technical project

Technology development

KDT

Tech

IHI

Med

Tech

Med
Clinical validation

Connecting technology to validation in MedTech.
7

KDT: Key Digital Technologies constitutes a European partnership under Horizon Europe (cf. https://aeneas-office.org/funding/kdt/).
XECS is the Eureka Cluster for micro- and nanoelectronics-enabled systems and applications along the electronic components and
systems (ECS) value chain (cf. https://eureka-xecs.com).
9
IHI: Innovative Health Initiative, a European partnership under Horizon Europe (cf. https://www.imi.europa.eu/about-imi/innovative-healthinitiative).
8
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cascaded by a clinical project also makes it easier to fit the separate projects within the scopes and research agendas
of the two funding programs and the supporting national funding agencies.
Keep it simple!
Many funding instruments tend to focus on academic excellence while, especially for medical devices, the success of
innovation depends on many more factors. This emphasis on science may tempt initiators of project proposals to set
goals that are overambitious. As mentioned earlier, one must be realistic about what can be achieved within the relatively
short timeframe of a publicly funded project. Too often the result is by far not ready for clinical validation. “Keep it simple
and realistic” was a recommendation that was given by several experts who participated in the 2nd Health.E Lighthouse
workshop. This advice can easily be implemented in the calls for projects. Project consortia should not try to solve all
problems at once, they have to realize that in many cases hybrid solutions are low hanging fruit and will serve as
stepping stones to innovation in MedTech.
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4.5 Product lifecycle
Most future electronic medical devices that are personal or even wearable will be disposable, as these products are
designed for use by a single person or even a single time. Disposable smart medical devices may become “the coffee
cup of the future.” This has consequences for the materials that can be used and for the way the devices are disposed
of at the end of their lifecycle.
In most countries, electronic systems and products are subject to environmental regulations, that regulate the life cycle
of a product. This starts with the environmentally friendly production of the raw starting materials. Today, most
photoresists and polymers that are used in the fabrication of electronics are free of hazardous solvents like NMP or
halogen based photo initiators. Also, care is taken to use as little as possible materials that could be harmful should
the device not be disposed of in a responsible manner. An example is the lead free production of RoHS compliant
solders and components. Also, in most countries there is a system in place to recycle precious materials and to dispose
of the other materials in a sustainable way at the end of the product’s life cycle.
Electronic medical devices that come into contact with the skin, tissues or cells will additionally have to be biofriendly
or biocompatible, depending on the application, with the severest restrictions on materials in permanent implants. This
has consequences for the materials that can be used for these devices. The electronic medical device industry will
increasingly need access to open technology platforms for the sourcing and processing of materials such as
polyurethane, parylene, liquid crystal polymers, silicone rubber, etc. Even materials that are well established in the
semiconductor industry may present a problem. A well-known example is the use of polyimide in implantable devices.
Although extensive tests have shown that polyimide is a reliable biocompatible and biostable material, no polyimide
manufacturer will source the material if it is used in an implantable device, since they do not want to risk any liability for
an application that only represents a tiny fraction of their turnover.10
Also, special precautions have to be taken when dealing with medical products at the end of their life cycle. For instance,
devices that have been worn on the body first need to be cleaned and possibly sterilized before the electronic content
can be recycled. Other products, such as organ-on-chip devices or smart wound monitoring dressings, may need to
be incinerated. This not only has consequences for the materials used in these appliances, but it may even imply that
the manufacturer also must organize the controlled disposal of used products.

10

Polyimide is in the semiconductor industry primarily used as a chip coat stress relief layer.
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4.6 Data platforms
The times are long gone by that the “data” produced by an electronic medical device consisted of an X-ray image on
a photographic plate, or a fuzzy black and white printout of a fetus on thermal paper. With the introduction of electronic
sensors and digitization, the output of medical equipment became digital and connected. In fact, the focus has shifted
so much towards owning, interpreting, processing, storing, and combining of data, that the hardware side of diagnostic
equipment is now mostly taken for granted.
It has been common practice for years now that all the data generated in hospitals is collected in central databases.
As healthcare becomes more decentralized, more personal and more aimed at prevention, it is expected that the
coming decade will see an explosion of point-of-care diagnostic and therapeutic medical devices that all produce data,
and that all will have to connect to a central medical data backbone. Many of the new device innovations in this rapidly
developing field will come from small companies, start-ups and ventures. This raises the question whether existing
databases and data infrastructures are really open to newcomers. How will the established large medical device
manufacturers (Philips, Siemens, GE, etc.) deal with this changing landscape?
Access to patient data
Modern medical devices rely heavily on advanced algorithms, and the introduction of AI promises to bring a huge leap
in the capabilities of the devices that make use of it. In this context, access to large quantities of reliable patient data
is essential for the development of these algorithms. These databases have to include records of healthy individuals
as well as patients.
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Currently, the availability of data for training reliable AI algorithms wildly depends on the field of application. During the
last decade, there has been an increasing effort to create open databases that are freely available and that can be
used as a common ground to benchmark the research conducted by the community. Cardiology is leading the way
with the project Physionet,11 a repository of freely available medical research data, managed by the MIT Laboratory for
Computational Physiology.12 Moreover, with the rise of data science, online competitions are providing access to data
for training and benchmarking of AI models in exchange of publishing the resulting code in an open-source format.
The most popular platform that aggregates competitions is Kaggle,13 a subsidiary of the tech giant Alphabet. Thanks
to the natural tendency towards standardization in computer science, the formats in which the data is stored are usually
open and managed by non-profit corporations (e.g., DICOM, HDF5). It should be noted, though, that the data obtained
either via competitions or open databases usually relate to retrospective studies without a specific experiment in mind
or even without a gold-standard reference. Then, there is a lack of variability in the data since all outcomes are not
equally represented.
Even though it is difficult to know how much data large players in the market have, the availability of open databases
has reduced the entry barrier for developing AI algorithms. Currently, anyone with a computer and access to a
moderately powerful GPU can generate a proof of concept and set the foundations of a startup. The following step,
however, represents a leap in complexity. If the startup wants to pursue a track in the medical device domain, a clinical
study shall be put in place with a sound research plan, which currently hampers most of the developments in the field.
Not only the big players, but small ventures as well, gather as much data as technically possible from their products.
This has led to the situation where large quantities of data are siloed within private databases waiting for somebody
within the institution to work on it. This situation has become more complex with the EU General Data Protection
Regulation 2016/679, usually just referred to as GDPR. The purpose of the regulation is to enhance individuals’ control
and rights over their personal data and to simplify the regulatory environment for international business. This has
created the environment necessary for the foundation of new ventures that focus on providing the middleware and
handle data access and consent control. Moreover, on a more technical level, it has provided a strong incentive for the
11

https://physionet.org/
https://lcp.mit.edu/
13
https://www.kaggle.com/
12
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development of the field of federated learning (also known as collaborative learning) where AI algorithms are trained
across multiple decentralized edge devices or servers holding local data samples, without exchanging them. This
approach stands in contrast to traditional centralized techniques where all the datasets are uploaded to one server.
Data security
Smart electronic diagnostic and therapeutic devices will be essential in the decentralization of care. In this way, a
holistic picture of somebody’s health and condition can be generated. This implies, however, that all these devices
communicate via a digital backbone infrastructure, be it the cloud or some other digital health platform. Very often this
communication will be wireless, using existing infrastructure (e.g., WiFi, Bluetooth, NFC). This situation is especially
complex since the ecosystem may contain many heterogeneous devices (from physically exposed sensors and
actuators to data centers that centralize lots of valuable data), controlled by stakeholders with varying degrees of
mutual trust (e.g., cloud or network providers, users), and handling valuable user data must resist an attacker that may
take advantage of any combination of points in this large attack space.
Today, lightweight cryptography (i.e., for low-power devices such as wearables or implantables) and key management
ensures security in the resource constrained sensors and medical devices. When transitioning between the device
and the cloud, the traditional cryptographic tools for securing the data in transit (e.g., TLS) and storage (symmetric
disk encryption) are reaching their limits as, paradoxically, the stakeholders that carry out the actual data processing
may not be permitted to access the data itself. Various technologies from cryptography and privacy address secure
outsourced computations. The most popular ones are homomorphic encryption, differential privacy, and the multipartycomputation technique. The last method is considered to be the most promising, here computations are distributed
among parties and partial computations are done by each party while not revealing any individual input, whereas the
result of the distributed computations is learnt in clear text by each party. These tools address the relevant security

threats in various components of the overall system and may be applied to deliver strong privacy protection when used
correctly; compliance with the GDPR may be achieved with their help. All these technologies are known, and mostly
openly available in the community. However, different implementations remain part of the intellectual property of the
institutions that produced them.
Even though the communication protocols, cryptographic tools, and database technologies are highly complex, their
usage is completely transparent to the final user. This is a key factor to secure the data obtained by the smart medical
systems, without friction, for large parts of the population.
Workflow integration
Finally, the data from all these new devices and sensors will need to be integrated into a comprehensive format, so
that it becomes accessible for caregivers over the whole care cycle ranging from nurses to medical specialists.
There is a large number of key players within this space. However, no single entity has reached the level of vertical
integration that would allow it to dictate the direction of the market. Today the different parts of the value chain are
distributed between hospitals (for experiment design and data acquisition), large companies for device design and
manufacturing (e.g., GE, Siemens, Philips), tech giants for cloud computing and AI, academia, RTOs, and startups
(for research and innovation), and national authorities for regulations.
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It is worth noting that the tools for the design of AI algorithms were conceived for applications outside the medical
domain. The de-facto standard tool for such development is the open-source library TensorFlow,14 originally developed
by the Google Brain Team. This fact has raised some issues on the regulatory bodies, since AI-based tools do not neatly
fit within the classical frameworks of Software as a Medical Device (SaMD). For this reason, the FDA in the US has issued
the “Artificial Intelligence/Machine Learning (AI/ML)-Based Software as a Medical Device (SaMD) Action Plan”. It
contemplates a total product lifecycle-based regulatory framework for these technologies that would allow for
modifications to be made from real-world learning and adaptation, while ensuring that the safety and effectiveness of
the software as a medical device are maintained. The EU is following the same steps with the Artificial Intelligence Act.15
Currently, nobody has all the pieces of the workflow, and know-how in medical devices is not aligned with know-how
on AI development and/or cloud management.

14
15

https://www.tensorflow.org/
https://artificialintelligenceact.eu/
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4.7 Regulations and certification
General principles
Product certification is a necessary step to access the market. The certification process is more or less complicated,
depending on the industrial sector, the intended use case and the risks associated to the use of the device.
Product certification is frequently a pain point for manufacturers for several reasons:
l
Lack of knowledge of the certification process;
l
Frequent changes in regulations, which may be different from one country to the other;
l
The risk of technical rework, additional expenses or delays;
l
The need to involve additional organizations (competent body, notified body, certified body, etc.)
It may seem difficult for a lay person to find their way through the regulatory jungle, but regulation is structured in a
logical way that needs to be understood to ease the certification process. In 2017, new EU regulations have come into
force to replace directives: regulations 2017/745 for medical devices and 2017/746 for in vitro diagnostic medical
devices, with respective final dates of compliance on May 26 2021 and May 2022. The new regulations reinforce the
safety requirements.
In summary, medical regulation focuses on two objectives:
1. Prove that the device is accomplishing the intended use and the claimed performance. For example, in the case
of the emerging field of bioelectronic medicine, the manufacturer of an innovative device will have to prove through
clinical trials that his device really brings benefit to patients.
2. Provide evidence of a safe operation, which means limiting risks for the patient and the practitioner not only during
normal operation, but also in case of malfunction or incorrect usage. The manufacturer must provide evidence that
the device meets the relevant standards.
Moreover, it is important to keep in mind that regulation is constantly evolving as the legislators need to adapt to new
technologies and practices, which may have potential for improvements but also may cause new issues. These
evolutions often bring new complexities and restrictions, and manufacturers have to comply with regulations
continuously to keep their products up to date. A good example is the new method to measure blood pressure
continuously, non-invasively and without cuff (from start-ups such as Aktiia, Biospectal and others). Since this is a new
and innovative product concept, the regulators will first have to agree on a new ISO norm (81060-3) to release such a
new medical monitoring product. As another example, the first edition of the medical software standard (IEC62304)
was published only in 2006, because before that time software issues were not considered important enough to require

EU MEDICAL DEVICE REGULATION
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standardization. Nowadays, this standard can be one of the most expensive tasks in the regulation process.
Manufacturers of innovative products are concerned about possible liabilities once their device is on the market.
In addition to the basic knowledge of the regulation requirements, there are some consideration that a manufacturer
should keep in mind to facilitate product certification:
l
Focus on the core technology and avoid unnecessary features or overdesign that significantly increase the device
complexity, the documentation and the tests required for the certification;
l
Anticipate as much as possible the regulatory constraints; the lack of anticipation leads most of the time to prototype
rework, therefore the regulatory frame should be taken into account from the very beginning of the R&D process;
l
Invest the right amount of effort in the first development stages (specification, usability, design, competitor products
analysis,…) because any rework is much more expensive in the final development or production stage than in the
early feasibility study stage;
l
Refine the market access strategy and business plan as early as possible (targeted countries, whether to implement
a Quality Management System or not, functionalities of the first prototype, target cost, etc.);
l
Define from the very beginning a first draft for the clinical validation of the future medical device, and consult the
stakeholders (physician, caregiver, notified body) already in the loop during the feasibility stage.
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State of the art and good practice for device design
Behind the elaborate wordings and the technical considerations of the regulatory texts are hidden simple considerations
whose only purpose is the user safety. Moreover, it will not escape the careful reader that regulatory principles and
constraints are similar across industries, although domain specifics, testing methods and thresholds may be different.
For example, electrical basic safety for a medical device and a general-purpose device are based on the same
principles (insulation, ground connection, leakage current, etc.), but thresholds and test measures differ, as it is
contingent to the condition of the patient.
Technical standards provide the medical device maker with the state of the art and best practice, allowing them to
manufacture products that are safe (biocompatible, invulnerable to hazards such as overheating, flammability, electrical
shock, etc.) and properly documented (specification, design, test reports, etc.). Most of the time the regulatory
constraints are not about the innovation itself but about the device construction. Accordingly, the constraints on an
ultrasound imaging device are not related to the piezoelectric transducer, the integrated components, the way the
transducers are driven or the algorithm used to generate an image, but on the leakage current through the transducers,
the insulation of the electronics with the mains power, the development cycle for hardware and software, and similar
aspects that affect usage in healthcare applications. In the development of ECS devices for medical applications,
designers can comply most easily with regulations if they use certified components (e.g., for power supplies or
batteries). By nature, regulations are predictable. Therefore, regulatory constraints are unlikely to slow down a specific
innovation if the device that incorporates this innovation is safe.
Risk mitigation for emerging technology development
For an emerging industrial field such as medtech, where innovation is a significant element, it is not possible for the
legislator to foresee and regulate all possible hazardous situations. To mitigate this, the related regulations are based
on a risk analysis approach in addition to other basic safety standards. In the medical sector, the risks to which the
patient is exposed can be counterbalanced by greater benefits. For example, when a physician prescribes smart drug
delivery, there could be a small risk of toxicity if the smart drug pill breaks (exposing the patient’s intestines to the
electronic components), but this risk is considered to be acceptable when compared to the benefits of remote
treatment, which allows patients to remain home. In this risk analysis, not only the device usage, but its whole life cycle
(production, transport, cleaning, disposal) is to be taken into consideration.
Another aspect to be covered is the risks related to the device use. Too often engineers develop devices according to
their own vision, neglecting the end user’s perspective. This may lead to non-usable devices or, in the worst case, to
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hazardous situations. For example, in 2011 the FDA had to retract a software system that induced doctors to confuse
the left and right side of the brain when evaluating patients before surgery. Numerous similar examples can be found.
To avoid this kind of situations, the legislator requires the manufacturer to consider the usability of the devices in the
design. Usability does not refer to requirements related to the manufacturing of the device but to the risks associated
with its use.
Standards on risk mitigation address considerations such as the following:
l
The user’s profile: physician, caregiver, patient, etc.
l
The user’s state of mind: weakened, stressed, tired, etc.
l
Device environment: temperature, surgical room, fire hazards, etc.
l
Contra-indications: kids, pregnancy, pacemaker, etc.
Compliance of manufacturing
Once a product is validated, its production has to be faithful to the design. The regulation describes various procedures
to demonstrate that the production is identical to the product validated by the legislator.
One approach is to subject all devices produced to a safety test performed by a certified body. This is appropriate for
expensive equipment with small series production (e.g., a hyperbaric chamber). Another way for the manufacturer is
to obtain a conformity certificate for a specific device and then to provide sufficient evidence that everything is in place
to properly replicate the device. The legislator verifies the manufacturer’s ability to do that by validation of his quality
management system (ISO13485 for the medical). This is the procedure that is mostly used, in particular for larger
series production.
A quality management system (QMS) is defined as a formalized system that documents processes, procedures and
responsibilities for achieving quality policies and objectives. A QMS helps to coordinate and direct the activities of an
organisation to meet customer needs and regulatory requirements, and to improve its effectiveness and efficiency on
a continuous basis.
Among other things, the QMS describes:
1. What shall be done, by whom and when;
2. How the activity shall be done;
3. An approach to avoid manufacturing of non-compliant product;
4. How to enhance the quality management system.
Finally, the implementation of a QMS is not mandatory for low risks devices. For device manufacturers, the choice of
the conformity assessment strategy and the QMS is critical as it impacts the company’s development and could help
prevent risk, improve quality and prevent some inefficiencies.
What to do next?
Regulations and certifications could be addressed in an early R&D stage within the framework of ‘cascaded projects’,
as outlined in Section 4.4. RTOs could play a significant role by exchanging best practices and anticipating on the
implementation of future regulations for emerging medical technologies. This could include risk/benefit pre-assessment,
usability studies with clinical partners, and compliance with norms and standards. RTOs have to take into account how
current and anticipated regulations could constrain integration of their technology options into future products, and
the extent to which their technology platforms do comply with QMS.
Regulation should also be a subject of education. This will not result in regulations limiting innovation, but rather
enhance the chances of novel technologies to be integrated in OTPs that can be used in pilot lines and offered to
customers.
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5 Conclusions and recommendations
The paradigm shift towards more decentralized and personal healthcare is causing a breakdown of the former borders
between MedTech, and the Pharmaceutical and Electronic Components and Systems industries. At these fading
borders new medical domains are arising that hold great promise not only for patients, but also for industry. Smart
electronic and microfluidic devices will be able to monitor and diagnose patients in their home environment and offer
personalized therapy where needed.
Despite these great promises, innovation in electronic medical devices is slow. Apart from the obvious medical device
regulations, the Health.E lighthouse identified the lack of open technology platforms as one of the main causes. Open
technology platforms have propelled innovation in the electronic consumer domain, but are almost absent in the
medical domain that is still largely relying on costly point solutions.
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The Health.E lighthouse has organized a number of workshops involving actors across the entire medical value chain
to come to recommendations towards the development and implementation of open technology platforms for these
emerging opportunities. This has resulted in the following high level recommendations for industry:
l
The manufacturing industry is urged to work towards open technology platforms that can be used by multiple
users for multiple applications. Preferably the technology platforms also cover applications outside the medical
domain in order to achieve the necessary production volumes and revenues to justify continuous innovation. Given
the high cost involved in the development of these platforms, especially when microfabrication is involved, this will
be mainly a task for pure play foundries and large medical companies.
l
The medical device industry, especially startups and SMEs, are urged to adopt the open technology platforms
concept, allowing them to focus more on the solution including algorithms, AI and workflow integration. Adoption
of open technology platforms will reduce cost, decrease time to market, lower risk and save valuable recourses.
The endorsement of open technology platforms will not happen overnight and by itself. An industry that is fixated on
point solutions will need incentives to adopt a new modus operandi. In Chapter 4 of this white paper a number of the
obstacles towards the implementation of open technology platforms have been identified. Since very often the
technologies for new medical applications are being developed in the context of national and European initiatives,
national and European funding agencies can play an important role in stimulating the development and endorsement
of open technology platforms.
Based on the outcome of the second Health.E workshop the following recommendations towards funding agencies
are made:
l
Stimulate the development of open technology platforms for medical devices by making the development and
implementation of open platforms an explicit part of the requirements of project calls. Especially large projects as
those facilitated by the Joint Undertakings and Eureka clusters, where many actors across the value chain can
interact, can be very effective here (Section 4.1).
l
Stimulate the development of open technology platforms that can also serve potentially high-volume non-medical
applications (Section 4.1).
l
Find means to stimulate large companies and foundries to take the lead in the development of open technology
platforms accessible to third party users (Section 4.1).
l
Stimulate the development of design and simulation tools to make the open technology platforms accessible to
SME’s, RTOs and academia (Section 4.2).
l
Stimulate the development of environments, (evaluation) modules, development boards etc. that make complex
technology like e.g. organ-on-chip or MEMS ultrasound accessible to SME’s, RTO and academia (Section 4.2).
l
Broaden the evaluation scope of project initiatives to include criteria related to practicality, ease of implementation,
evaluation of technologies “in the field” e.g. by means of (pre-) clinical trials, instead of solely evaluating projects
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on academic excellence. “Keep it simple” and concentrating on low hanging fruit can be an effective way to launch
a new technology onto the market (Section 4.4).
Enhance multi-disciplinary cooperation by promoting the integration of clinical validation within highly innovative
research initiatives (Section 4.4).
Very often technology projects are too short to also include the necessary clinical evaluations. It would be highly
beneficial to organize “cascaded projects” whereby a technology project is followed by a clinically oriented project
in which the developed technology is (pre-) clinically evaluated (Section 4.4). It is advised to address regulations
and certification at an early R&D stage (Section 4.7).
Organize pan-European benchmarks for competing technologies, either as part of larger European initiatives (e.g.
KDT, IHI), or as separate projects. Benchmarks will reduce duplication, promote the dissemination of knowledge,
and leverage individual technology development (Section 4.3).
Promote the creation and dissemination of public databases that are created with public funding (Section 4.6) with
the purpose of being reused in further research.
Systematically include requirements related to the development of open security/privacy tools on each call that
relates to the handling of medical data (Section 4.6).
Ensure that physicians, hospitals, caregivers and patients have an impact on the development roadmap from the
very beginning.
RTOs can play a significant role by exchanging best practices and anticipating on the implementation of future
regulations for emerging medical technologies. This should include risk/benefit pre-assessment, usability studies
with clinical partners, and compliance with norms and standards (Section 4.7).
RTOs must take into account how current and anticipated regulations constrain integration of their technology
options into future products, and the extent to which their technology platforms do comply with QMS (Section 4.7).
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7 Glossary
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AI
AlN
ASIC
CMOS
CMUT
DICOM
ECS
ECSEL
FDA
GDPR
GPU
HDF5
KDT
MDR
MEMS
OTP
PDMS
PMUT
PoC
PZT
QMS
RTO
SaMD
SPI
TLS
TRL

Artificial intelligence
Aluminum nitride (a piezoelectric material)
Application specific integrated circuit
Complementary metal oxide semiconductor
Capacitive micro-machined ultrasound transducer
Digital imaging and communications in medicine
Electronic components and systems
Electronic components and systems for European leadership
Food and drug administration
General data protection regulation
Graphics processing unit
Hierarchical Data Format 5
Key digital technologies ((Joint Undertaking)
Medical device regulations
Micro-electromechanical system
Open technology platform
Polydimethylsiloxane (silicone rubber)
Piezo micro-machined ultrasound transducer
Proof of concept
Lead zirconate titanate (a piezoelectric material)
Quality management system
Research technology organization
Software as a medical device
Serial peripheral interface
Transport layer security
Technology readiness level

More information: www.health-lighthouse.eu

