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Abstract  

 

Innovation in medical technologies has a lot of shapes and comes from a variety of 

sources. One of the dimensions in which it can be classified is the motor of the innovation, 

either the market or the technology. Innovation can be need-driven, in which a technology 

is a result of a demand from the market or it can be technology-driven in which scientific 

discoveries and technical know-how are pushed into the marketplace to find a 

correspondent application and need to cover for a certain technology. It is debatable 

whether it is preferable to innovate with a need-driven approach or with a technology-

driven approach. In the case of medical devices, it is recommended by experts to use a 

need-driven or market pull approach, thus the technology-driven, also known as 

technology push approach, is practically neglected in the literature. In this way, this study 

proposes a roadmap for identifying clinical needs in technology push innovations. A 

roadmap was developed through a systematic literature review, interviews with experts 

in the field of medical technologies innovations and through the participation in the 

identification of potential needs for a technology push innovation: Senso-eAXON, which 

consists on an implantable wireless sensor. A detailed description of the characteristics 

of the technology was done and a study of possible clinical applications was carried out 

with the support of healthcare professionals.  

The proposed roadmap consists of four steps that provide key information for technology 

push entrepreneurs to identify relevant clinical applications and to guide them to initiate 

the inclusion of a technology into the market.  

 

 

Keywords  

 

Innovation in medical technologies, Technology-Push innovations, Roadmap, Wireless 

implantable sensor, Hypertension, Medtech.  
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Prologue 

 

This thesis was developed in collaboration with the Biomedical Electronics Research 

Group from University Pompeu Fabra, led by Antoni Ivorra. The group focuses on 

bioelectrical phenomena and the new methods and devices for biomedical purposes that 

can emerge from them. The research group was interested in exploring potential clinical 

applications for their new technology: Senso-eAXON.  As a result, this thesis was carried 

out to achieve the aforementioned goal along with the design of a roadmap to guide 

innovators in the process of identifying clinical needs for technology-driven innovations.  
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1. INTRODUCTION  

We live in the era of medical technologies; we live at a time in which the medical device’s 

industry is more open for innovation than any other time in history [1]. There are different 

processes to bring a product to the market and technology is a key aspect of the innovation 

cycle. Technological development encloses the use of different scientific knowledge to 

produce materials, devices, systems or new services.  

 

Medtech is a term commonly used nowadays, it is the shorthand term for medical 

technologies and it is defined by the World Health Organization as the “application of 

organized knowledge and skills in the form of devices, medicines, vaccines, procedures, 

and systems developed to solve a health problem and improve quality of lives" [2]. From 

medical robotics, to artificial intelligence, through 3D printing and implants, Medtechs 

are the combination of medical devices and software that are used for diagnosis, treatment 

and monitoring of diseases. No matter what the challenges are, they all revolve around 

the ability to watch over patients and provide the best care possible.  

 

1.1 General view on the market of medical devices 

The global medical devices market size is currently valued at $425.5 billion. In 2018 it 

reached $423.8 billion having grown at a compound annual growth rate (CAGR) of 5.28% 

since 2014 and is expected to grow at a CAGR of 5.33% to nearly $521.64 billion by 

2022 [3]. The Spanish medical device market is the fifth largest market in Western Europe 

valued at $4.5 billion in 2015 [4].  This expansion of the market of medical devices is due 

to the faster global economic growth and an increase of technological advances and 

prevalence of chronic diseases. Moreover, in 2017, more than 13,000 patent applications 

were filed with the European Patent Office (EPO) in the field of medical technology [5].  

 

Spain stands 11th worldwide and 5th in Europe in terms of scientific results production 

and in research and development (R&D) [6].  In 2017, the investment in R&D was 14 

billion €; representing 1.21% of the Gross Domestic Product (GDP), as shown in Figure 

1.  Out of 24 European countries included in the Organization for Economic Co-operation 
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and Development (OECD) statistic, Spain is 17th in the ranking on R&D spent compared 

to the GDP of the country. Heading the European classification are Sweden (3.33%), 

Austria (3.16%), Denmark (3.06%), Germany (3.02%) and Finland (2.76%) [7].  

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  Percentage spending on R&D in relation to GDP in Spain.                     

Source: The collider “Technology transfer and business: Challenges and 

opportunities” [7] 

 

 

As confirmed by a study of Randstad Workmonitor [8] Spain leads the European ranking 

of countries that invest the most in technology innovation despite the European paradox 

that says that Europe is the leader in scientific research but has difficulty in transforming 

the know-how into industrial innovation [7].  

 

1.2 Innovation in medical technologies 

1.2.1 Innovation and research 

The difference between research and innovation is not always clear. The quote by Dr 

Geoff Nicholson, 3M ambassador [9], explains both concepts very well: “Research is the 

transformation of money into knowledge; innovation is the transformation of knowledge 

into money”. Research is defined as the transfer of know-how, skills, technical 

knowledge, methods and intellectual capital among organizations to be used in the 

creation and development of commercially viable products. The role of the researcher is 
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to perform a study obtaining data and results to expand knowledge and the understanding 

of a field of study. 

There are many definitions for the word innovation, but there is a concept that all 

definitions have in common: it refers to the successful development of new ideas. Some 

believe that innovation is the process by which the recognition of a need leads you to the 

creation of a product [10]. While others understand it as the compilation of activities that 

introduce a product to the market for the first time in the form of a technology or service 

[11].  Finally, other researchers [12] introduce a new concept: designing a new 

technological product not only means to achieve new technical features but also to 

generate new product meaning. The bio-entrepreneur has the role of bringing an idea to 

the market, analyzing the market and looking for new businesses’ opportunities. 

In other words, innovation is the process of translating an idea or invention into a service 

that creates value to society where value refers to the acquirement of good outcomes at 

an affordable cost.  

 

1.2.2 Types of innovation applied to Medtechs 

Medical innovation can be categorized in many ways; One dimension is ruled by the 

innovation process, some innovations are closed and kept private within an institution 

while others are open and include the use of external sources. Another dimension takes 

into account the degree of novelty of the innovation, this is why some of them are small 

and gradual while other can be groundbreaking and transform industries. Besides from 

the characteristics that an innovation can have, the driving force is what is going to 

impulse the innovation: either the market or the technology. For some cases technology 

is the starting point for product development and for other technology searches are 

performed during the product development process in order to find the right solution for 

a specific problem. 

 

1.2.2.1 Open vs Closed 

Innovation can be either open or closed. In closed innovation, the process takes place 

exclusively inside a company or research group, so opening to the outside is therefore 
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impossible.  This makes sense when companies have internal R&D centers and want to 

protect their know-how or when the innovator has enough expertise and knowledge about 

the market and does not need to open up to the exterior.  

On the other hand, open innovation means opening up to increase one’s knowledge and 

innovation potential through active searching and constant feedback from Key Opinion 

Leaders (KOLs) [13]. Open innovation increases innovation potentials through an active 

search in the environment of interest for a collaborative networking and exchange of 

impressions. In open innovations, the participation of external actors such as stakeholders 

is seen as a part of the innovating process [13].  

 

1.2.2.2 Incremental vs Radical 

The difference between incremental and radical innovations stands in the degree of 

novelty. Incremental innovation takes place when existing concepts or products are 

improved with time. It does not create new markets; it only does a better version of what 

was already in there [14]. However, it is widely thought that incremental innovations may 

not be enough. 

Radical innovation refers to the concept or product that creates a new value in the market 

by either creating a new market or entering an existing one. It involves the development 

of significantly new medical technologies or market ideas previously unknown. It 

addresses problems in a radical new way transforming the market and because it is so 

different to what the customers are used to, at the beginning, it faces resistance [14].  The 

importance of innovation relies mainly on imagination and on the evolution of the way 

of thinking of society [15].  

1.2.2.3 Technology Push vs Market Pull 

Two main driving forces can be identified for Medtech innovations: the market that assists 

the chronical needs and the development of new technologies. These two forces are 

known as market pull (MP) and technology push (TP). There are two approaches to bring 

a medical product to the market: need-driven and technology-driven. The need-driven or 

MP school maintains that the user’s needs are the drivers of innovation whereas the 

technology-driven or TP approach supports that innovation is driven by science [16].   



 5 

MP starts with an important unmet clinical need and then comes up with a technology 

that will help solve it. It triggers the development of a new product that responds to a 

specific need. This is how the stethoscope was invented: there was a need in listening to 

the heartbeat without placing the ear directly onto the patient’s chest [17]. 

TP is when research and development of emerging technologies drive the development 

of new products [18]. A potentially useful technology is discovered or invented and then 

the clinical application is searched. People sometimes do not know what they want until 

you show it to them, to understand this we can reference the famous quote by Henry Ford 

“If I had asked people what they wanted, they would have said faster horses”. The car for 

instance, was never conceived by a society that was used to move around with horses.   

This is also the example of medical lasers: light amplification by stimulated emission of 

radiation (LASER) was invented 58 years ago and its main applications were cutting and 

lithography. It was then seen that it could be used in medicine for different purposes. Dr. 

Leon Goldman studied the interaction of laser light with biological systems and became 

the first researcher to use a laser to treat a human skin disease [19]. Nowadays lasers are 

being used in many specialties including cancer diagnosis and treatment, medical 

imagining and ophthalmology [20,21]. There are still new incorporations of laser into 

medicine revolutionizing the clinical applications, and it is due to advances in laser 

pulsing, scanning and fractionation technologies. Medical lasers are a TP innovation that 

nowadays still look for new clinical application fields [20]. 

 

TP is in general linked to radical innovations while MP is linked to incremental 

innovations. In TP the main focus is in the technical issues and analysis of technology 

features. Then it triggers a search to identify broad application fields, decide for one 

opportunity and develop a tailored product.  

TP innovators start with an easy technology application and form a single solution 

approach and when the market responds to it, they build a more relevant application, find 

a typical user and understand completely the need. You can validate the need with some 

research and test its feasibility. Markets are the ultimate determinants of innovation.  

 

Some studies have proposed a comparison between the characteristics of innovation 

drivers in both TP and MP approaches. These are resumed in Table 1[22,23].  
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Attribute Technology Push Market Pull 

R&D duration Long Short 

Market-related uncertainty High Low 

Customer education Necessary Not necessary 

Market research type Qualitative research Quantitative 

conventional research 

Risk of looking at need easily 

identified but with low potential 

Low High 

Risk of addressing the needs of 

the atypical user 

High Low 

 

Table 1. Comparison between technology push and market pull attributes.   

 

In general, the process of development of the technology is longer for TP projects as the 

technology is modified many times after receiving inputs from the market and from 

KOLs. The market uncertainty is lower in MP projects as the need that the product is 

going to cover was directly born in the market. Technology-driven innovations often 

bring with them the need for a change of behavior for the customer, this is why some 

education and training on the new technology is necessary. The TP strategy represents 

markets that may not exist yet whereas MP strategy represents the current market situation 

which makes a different place of origin for every strategy: R&D for TP and the Market 

Place for MP. Usually MP innovators possess a very detailed knowledge about the profile 

of their customers, their needs and the related market segment. However, for TP an 

important activity to perform is to determine the target market, the preferences of it and 

clinical needs. This is why in general, for TP qualitative methods are used such as 

personal interviews to KOLs,  to gain an understanding on the problem and for MP 

quantitative methods are engaged such as surveys for a large amount of people, to 

quantify the problem by generating numerical data about the market [24]. 

 

1.3 Problem definition & Objectives 

In the clinical field, some guidelines exist explaining the required stages that need to be 

followed to invent a product to cover a certain clinical need, in other words,  the different 
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steps to follow in MP innovations, as it is proposed by Consortia for Improving Medicine 

with Innovation & Technology (CIMIT) , whose objective is to accelerate innovation and 

catalyze the discovery, development, and implementation of innovative healthcare 

technologies [25].   Another example is the guideline exposed in the book by Yock et 

al.‘Biodesign: The Process of Innovating Medical Technologies’ [24]. They both coincide 

in many steps and in general they recommend that innovation starts with the identification 

of needs. However, no one has proposed a detailed step-by-step guide to lead innovators 

through the process of identification of needs for a given technology. TP projects are not 

that common and no proper guidelines can be found in the literature that illustrate the 

different stages of this type of innovations. Such innovations usually result in a 

competitive advantage yet so little information can be found on them. The objective of 

this thesis is to provide a comprehensive roadmap for identifying potential clinical needs 

in TP innovations for a specific technology. It can be seen as an initial chapter in the 

already existing guidelines dedicated especially to TP projects [24,25].  

 

To design the roadmap one of the tools used was the participation in a real case study: 

Senso-eAXON which consists on a technology that is currently under development at the  

Biomedical Electronics Research Group (BERG). The project started in 2017 at 

University Pompeu Fabra and the technology is composed by a miniaturized wireless 

device in the shape of an injectable sensor and an external unit able to interrogate the 

sensor, that will be used to continuously monitor patients.  

Even if a prototype of the technology exists, no clinical applications have been assigned 

yet to it. In this way, this thesis presents a roadmap detailing the successive steps to follow 

in order to explore different needs and identify the best clinical application in a 

technology-driven innovation, and intends to find the best clinical application for the 

under-development emerging technology: Senso-eAXON. The objective of the roadmap 

is to provide an intuitive and easy explanation of the first stages of the process required 

to identify needs to cover by a technology-driven innovation, illustrated by the case of 

the Senso-eAXON. 

 

 

 

http://berg.upf.edu/
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2. METHODS USED TO DESIGN THE ROADMAP 

2.1. Systematic literature review 

The roadmap has been designed in part by reviewing published literature about innovation 

and success factors in new product development based on TP.  

The purpose of this section is to explain the Systematic Literature Review (SRL) that was 

carried out to contrast the different points of view on innovation by experts on the field. 

The assemblage of existing studies provided knowledge on new product development and 

specifically on how innovative in medical technologies are being developed and brought 

to the market. The SRL was also used to identify common patterns and success factors in 

TP projects. This review helped to identify opinions of experts on the field of innovation 

in Medtech and TP. 

In the search the required combination of keyword was “Technology push innovation” 

and in order to filter the results. The databases used for literature search were Google 

Scholar, Pubmed, Research Gate and Elsevier.  

The relevant full text articles were selected based on the number of citations. Two kind 

of articles were analyzed: empirical and review studies. For both types, the title and 

abstract were firstly examined to verify that it was of a clear interest for this thesis. The 

review studies served as a source for other articles.  

The following research questions (RQ) were explored through the SRL in order to identify 

important aspects to take into account for the design of the roadmap: 

1. (RQ1): What processes can be used to improve the chances of success in 

innovation? 

2. (RQ2): What are the key successful factors in a Technology Push project? 

Figure 2 shows the flow chart followed to include or exclude publications to carry out the 

SRL. 
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Figure 2. Flowchart of publications inclusion 

In the SRL, some parameters were extracted from every article in order to summarize the 

main aspects as much as possible. These parameters include: 

• Bibliographical information  

• The area of interest 

• The theme of research as assessed by the keywords 

• The definition of the key concepts such as TP, MP, radical, disruptive innovations 

• Identified gaps through different literature 

Table 2 summarizes the most relevant literature reviewed. A total of 10 publications were 

contrasted and studied. From them, 2 were books, 2 were structured literature reviews 

academic projects and the rest were scientific articles published in journals.   

Special attention was paid to where the innovation was taking place as cultural aspects 

may create different patterns in the way of bringing a medical device to the market. The 

information regarding the year of publication, the author and the number of citations was 

retrieved from Google Scholar the 15th of April of 2020.  
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Author, year of publication, 

number of citations and 

location 

Adopted 

integration 

strategy 

Gaps 

Ghoderswar et al. 2006 [26] 

Cited 15 times 

Mumbai, India 

TP and MP The competitor’s analysis is not 

provided and the already existing 

techniques are not mentioned. 

Lee et al. 2009 [27] 

Cited 216 times 

Republic of Korea and University of 

Cambridge, United Kingdom 

TP 

 

Only applicable to already developed 

technologies. Does not mention 

partnership. 

Caetano et al 2011 [28] 

Cited 135 times 

Sao Paulo, Brazil  

TP No need’s filtering techniques 

explained. 

Validation of the method only inside 

the organization. 

 

Wells et al. 2004 [29] 

Cited 115 times 

Virginia, United States  

TP and MP 

 

A roadmap is presented but it is not 

explained how it was built. 

Cooper et al. 2001 [30] 

Cited 1327 times 

Pennsylvania, United States 

TP Not Found (NF)  

Gerdrsi et al. 2009 [31] 

Cited 110 times 

Bangkok, Thailand  

Not specified Takes into account only organizations 

internally, no external agents. 

Sarja et al. 2015 [16] 

Cited 9 times 

Oulu, Finland  

TP 

 

Does not define innovation types, too 

general. 

Escorsa and Valls 2004 [15] 

Cited 764 times 

Barcelona, Spain 

TP and MP 

 

NF 

 

 

 

Yock et al. 2015 [24] 

Cited 230 times 

California, United States 

 

TP and MP NF 

Herstatt and Lettl. 2004 [22] 

Cited 116 times 

Hamburg, Germany  

 

TP 

 

Gives topics for thoughts and 

discussions but no solutions. 

 

Table 2. Compilation of information about publications about innovation in Medtech.    

A more detailed version of the previous table can be found in Appendix 10.1, exposing a 

detailed answer to the research questions.  
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The information extracted from the publications that served to answer the research 

questions is summarized in Figure 2.  

 

Figure 3. Thematic distribution of literature reviewed 

The majority of publications encourage open innovation and the inclusion of external 

actors into the innovations process. Two recurrent aspects in medical technologies 

publications are the description of technology’s characteristics and the study of potential 

competitors. Some of the works propose a technology roadmap but these are specific for 

a certain application and not general.                    

                                                    

2.2.  Interactions with experts on innovation 

A total of 9 interviews were conducted to experts on Medtech innovation to gather more 

information about innovation in medical technologies and to get to know personal 

projects from the innovators. A unique interview was designed for each specific person 

aligned with the expertise of the interviewee for instance set of questions was prepared 

for every interview in accordance with the field of work and the project in particular.  

Story-telling was always encouraged. 

The template used for these interviews, that can be found in Appendix 10.2, resumes the 

location, the date, the duration of the event, and the name of the interviewee. Interviews 

were done face to face as much as possible in order to feel closer to the interviewee and 

they were all carried out in Barcelona. 

0% 10% 20% 30% 40% 50% 60% 70%

Proposes a technology roadmap

Fosters collaboration and inclusion of external actors

(Open innovation)

Recommends mixture of MP and TP strategies for

success

Detailed study of competitors and patent's analysis

Description of technology's core competencies and

characteristics

Inclusion of KOLs in the innovation process
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Important concepts 

discussed 

          Supported by  

Customer development and 

relationship 

 

• Markus Wihelms, CEO and Co-founder MOWOOT [32] 

• Helena Torras, Managing partner at PAO Capital [35] 

• Ona Estapé, Operations executive at Mobile World Capital 

Barcelona [36] 

Competitors’ analysis and 

enhancement of your 

technology’s competitive 

advantage  

• Adrià Escolà, Tech4Health Manager at Ship2B [33] 

• Ona Estapé, Operations executive at Mobile World Capital 

Barcelona [36] 

• Marta Guardiola, Co-founder and CTO at MiWEndo 

Solutions [38] 

Innovation seen as an iterative 

process more than linear 

 

• Markus Wihelms, CEO and Co-founder MOWOOT [32] 

• Adrià Escolà, Tech4Health Manager at Ship2B [33] 

• Ona Estapé, Operations executive at Mobile World Capital 

Barcelona [36] 

Improvement of cost-benefit 

of practices with medical 

innovation 

• Susana Domingo, Head of strategy and entrepreneurship at 

UPF Business Shuttle [34] 

• Marta Guardiola, Co-founder and CTO at MiWEndo 

Solutions [38] 

• Ona Estapé, Operations executive at Mobile World Capital 

Barcelona [36] 

Evaluation of risk and adverse 

events related to a medical 

device 

• Adrià Escolà, Tech4Health Manager at Ship2B [33] 

• Esther Riambau, Life Science Director at UPF Ventures 

[37] 

Difference between R&D and 

Innovation 
• Ona Estapé, Operations executive at Mobile World Capital 

Barcelona [36] 

• Marta Soler, Senior Project Leader, Innovation 

Department Biocat [40] 

Selection of the best 

application for a technology 

relying on KOLs 

• Nerea Mangado, Researcher at DTIC, currently working 

on a research project NeedleSafe [39] 

• Esther Riambau, Life Science Director at UPF Ventures 

[37] 

Study of the market size 

including the total available 

market and the served 

available market 

• Susana Domingo, Head of strategy and entrepreneurship at 

UPF Business Shuttle [34] 

• Nerea Mangado, Researcher at DTIC, currently working 

on a research project NeedleSafe [39] 

• Helena Torras, Managing partner at PAO Capital [35] 

 

Importance of mixture of TP 

and MP in medical innovation  
• Marta Guardiola, Co-founder and CTO at MiWEndo 

Solutions [38] 

• Ona Estapé, Operations executive at Mobile World Capital 

Barcelona [36] 

Introduction of the concept of 

Technology Readiness Level 
• Marta Soler, Senior Project Leader, Innovation department 

Biocat [40] 

Short learning time for 

physicians with new devices 
• Markus Wihelms, CEO and Co-founder MOWOOT [32] 

• Marta Guardiola, Co-founder and CTO at MiWEndo 

Solutions [38] 

Explanation of filtering 

methods 
• Markus Wihelms, CEO and Co-founder MOWOOT [32] 

• Helena Torras, Managing partner at PAO Capital [35] 

 

Table 3. Interviews with experts on innovation.                                                                 
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Feedback from these experts was a practical way to learn as questions could be addressed 

directly. What the interviewees had in common is that they all were related to medical 

technologies innovations. Either they were entrepreneurs that had innovated with a 

clinical technology or either they were working in a company that funds and provides 

guidance for medical projects innovations.  

In addition, the participation to a course called ‘Entrepreneurship in medical 

technologies’ at Institut Químic de Sarrià in Barcelona, Spain organized by Biocat [40] 

was fundamental to get to know other projects’ framework as well as the transformation 

of technologies into market products. It was a great way to amplify the network of 

contacts. The duration of the course was of one month and some real-life cases were 

presented as Aortyx or Doctoralia. Some business concepts were given such as financial 

ratios as well as some regulatory aspects of medical devices and advices for fruitful 

innovation.  

 

2.3.  Learning through practice: the Senso-eAXON case 

Another tool used to design the roadmap was real world practice through the involvement 

in the exploration of possible clinical applications for the Senso-eAXON technology. 

The Senso-eAXON technology emerges from another technology under development at 

the BERG [41]: the eAXON technology, which consists of addressable single-channel 

wireless microstimulators that can be implanted through injection. This technology is 

being developed within the framework of a homonymous project funded by a 

Consolidator Grant of the European Research Council. The goal of the eAXON project 

is to perform electrical neuromuscular stimulation of peripheral nerves for restoring the 

function of impaired nervous systems for movement recovery in patients suffering from 

paralysis [42].  

However, it was discovered that the eAXON technology could be adapted and slightly 

modified for sensing variables. In tandem, it was noticed that this new purpose for the 

technology filled a new technical clinical need: the creation of internal continuous 

measurement systems. Indirect measurement techniques were studied and it was 

concluded that it is uncertain to rely on this type of methods that do indirect measurement 

https://aortyx.com/
https://www.doctoralia.es/
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of any type away from the inner body regions where the physiological events take place. 

All in all, this explains the need of implantable sensing-systems. Therefore, a spinout 

project was created and Senso-eAXON was born. The new technology consists on a very 

thin flexible injectable implant and an external unit able to wirelessly interrogate it for 

obtaining physiological parameters of interest [43]. 

The objective is to create very thin implants with no battery, designed as flexible 

elongated bodies, to do physiological measurements. Patients could benefit from 

continuous monitoring of biomedical parameters, that currently can only be measured at 

discrete times. This would help to predict serious events such as heart attacks and react 

in time or to better adjust pharmacological treatment depending on measurements values.  

The technology could improve the control that the specialist have on the patient's 

parameters without the need of making an appointment nor using external measurement 

systems that require the patient to perform some specific action and do not allow 

continuous monitoring.  

It was obvious that the first step to complete before identifying possible clinical 

applications was to understand how did the technology of interest work. The 

comprehension of the behavior of the sensor was done by carefully studying all the 

articles about it to get to know all the physics behind the technology.  Constant 

communication with the members of the project such as the BERG laboratory team was 

crucial, since they are the ones who know the electronics behind it and how these combine 

to create the different features. Follow-up meetings were done weekly at the beginning 

and more widely spaced in time after.  

The second step was to try to figure out in which medical specialties the technology could 

fit. To accomplish this goal, 17 interviews were held with healthcare professionals (Figure 

3) to assess their opinions on this device. The majority of the interviews were made to 

doctors working at Hospital Clínic de Barcelona and Hospital Sant Pau, both in 

Barcelona, Spain. 

A table can be found in Appendix 10.3 classifying the information into groups as the 

problems that the technology might face or the applications suggested by interviewees. 

Interviews were made face to face as much as possible and the answers written down by 
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hand, not using any electronic device. Physicians even drew some sketches to illustrate 

their ideas which helped to understand their proposition. 

 

 

 

 

 

 

 

 

 

Figure 4. Medical specialty of physicians interviewed.                                                

  

3. RESULTS 

3.1. The roadmap in a nutshell  

 

Figure 5. The roadmap in a nutshell 
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Figure 5 shows the diagram of the proposed roadmap. The different icons illustrate the 

steps that are going to be developed later on.  

.                                                                               

 

3.2. Roadmap 

For the sake of space, a resume of the roadmap is provided in this section but the complete 

version can be found in the handbook in Appendix 10.7. The objective of the present 

guide is to provide an intuitive and easy explanation of the first stages of the process 

required when launching a medical technology-driven innovation into the market, that is 

the identification of clinical needs. The guide is complemented with the practical case of 

the Senso-eAXON. The roadmap is iterative, it has not to be seen as a linear process and 

often the activities can be conducted in parallel as illustrated in the diagram in Figure 3 

for the sections of “educated guesses” and “study of similar functional technologies”.  

 

3.2.1. Understanding the technology 

3.2.1.1. Functional and technical features 

The first step is to understand the technology behind the device under consideration. 

Experts recommend to list the functional and technical features of the device in order to 

understand how the future product will create value [16]. 

• Functional features: point out the set of functions or capabilities associated to the 

medical device: what the device is able to do and, its expected behavior. 

• Technical features: make reference to the engineered system; how the device is 

able to perform all its functions thanks to the mechanical and electronical features 

of the device (what electronic components make it possible).  

To illustrate this, an assimilation is made with the medical laser, known as the prime 

example of TP innovations. The laser has a long list of functional features and one of 

them is its ability to cut, which makes the laser suitable for medical interventions such as 

ablation of tissues. The technical characteristics that allows this function is the coherence 

of the light emitted and the narrow wavelength range at which the laser works [44,45]. 
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3.2.1.2. Technology Readiness Level 

In this stage the Technology Readiness Level (TRL) of the technology of interest can 

already be assessed to understand its maturity [46]. It is an indicator that helps evaluate 

the state of technology and its future implementation. The classification consists of 9 

levels created by NASA [47], where 1 is the lowest degree of maturity and 9 the maximum 

that range from the conception of the idea to animal testing models and approval by the 

Food and Drug Administration (FDA).  

 

Practical case 

Senso-eAXON is a technology that consists on an implantable sensor for direct, 

continuous patient monitoring and an external unit able to interrogate the implant to 

obtain measurements. The system is able to measure parameters where the physiological 

events take place with high accuracy of measurement and reliability.  

The remarkable functional features of the device are: 

• Continuous and direct data measurement 

• It is batteryless  

• Ability to measure temperature 

• No action is required by the patient 

• Possibility to measure voltage 

• Possibility to measure ions concentration and gradients 

• Potential measurement of glucose concentration 

• Possibility to measure optical characteristics 

• Measurement of pressure 

• Potential measurement of impedance made by tissues 

The following technical features were identified for Senso-eAXON: 

• Remote external unit that interrogates the implant with bursts of high frequency 

current 

• Flexibility  

• Thinness: < 0.95 mm 
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• Length: it ranges from a few millimeters to a very few centimeters  

• Hermeticity  

• Weight < 100 mg 

• Two electrodes  

• Internal circuit made up of discrete electronics 

 

After assessing and studying the TRL scale applied to medical devices it can be concluded 

that Senso-eAXON is at TRL stage 3: Hypothesis testing and initial proof of concept 

(PoC) is demonstrated in a limited number of in vitro & in vitro models [47]. This score 

is used to visualize the activities that are left to do in order to reach a higher score.  

 

3.2.2. Seed list 

The objective of this section is to make a list to recollect the first raw ideas of clinical 

applications for the technology in order to develop them later on. Any technology has a 

large number of applications that are going to be validated or refuted in future steps.  The 

seed list can be executed from two different approaches: either by educated guesses based 

on the characteristics of the device and the innovator’s scientific knowledge or by 

identifying similar medical technologies and exploring their field of application. 

3.2.2.1. Educated guesses 

The first one is based on the technical and functional characteristics described in the 

previous stage, where the innovator can make guesses about possible applications. It is 

important to find the synergy between engineering and science in this step, to pinpoint 

medical specialties where the technology could be of interest, this task may be easier if 

the innovator has a scientific background. It is illustrated once again with the laser case: 

as aforementioned, lasers are suited for cutting materials. This makes possible 

applications for laser in medicine such as the treatment of various skin conditions in 

dermatology like scars and vascular lesions or in surgical acts such as ablation of bones, 

tissues and teeth. 
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3.2.2.2. Study of similar functional technologies 

In tandem it is recommended to identify the medical technologies and methods used in 

clinical practice that have similar functionalities to the technology under development. 

As these will already be associated to clinical needs, it is an easier way to identify fields 

of application for the technology under consideration. In this step it is interesting to 

highlight the competitive advantage of the technology of interest by identifying gaps and 

weaknesses of other products of the competition and determining for which needs the 

technology of interest would be superior. Innovators should identify if there is a clinical 

need that existing technologies cannot address and the technology under development 

with its capabilities could. 

For example, the competitive advantage of lasers is that they are able to perform more 

detailed ablations causing less bleeding and scarring than traditional surgeries that use 

scalpels. Having this fact in mind a lot of clinical needs can be covered by medical lasers 

[48].  

A first identification of the medical specialties in which the technology could have an 

application is recommended at this stage. With a first idea of applications of the 

technology we can already sense what types of physicians it could interest.  

Practical case 

On one side, the list of features of Senso-eAXON enabled us to determine the possible 

applications for the technology. The internal circuit of the sensor is made of discrete 

electronics that can be adjusted depending on the measurement we want to acquire.  

• It is known that different magnitudes can be transduced into capacitance such as 

pressure. In this way, capacitance-based circuits are able to sense pressure and 

they can also measure the impedance made by tissues.  

• If we add an electronic component whose resistance depends on voltage, it could 

be possible to implement circuits capable of sensing voltage. It is known that 

voltage-dependent circuits allow the measurement of biopotentials for instance, 

pH or H+ measurements and concentration of other chemical species such as 

glucose.  
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• There are electronic components such as photodiodes whose conductance depends 

on the received light intensity and others such as light emitting diodes (LEDs), 

able to produce light. All these components can be integrated in the technology to 

build implants sensitive to optical characteristics of a material. In this way, these 

circuits could sense the optical characteristics of a tissue as oxygen saturation.  

 

Now, taking a look at the market of medical devices, there are diverse sensing implant 

systems like CardioMEMS™ HF System by St. Jude Medical. It is a sensor that monitors 

the pressure in the pulmonary artery in Heart Failure patients [49]. Cordella™ by 

Endotronix is another sensor for pulmonary artery pressure and provides proactive heart 

failure management [50]. Both CardioMEMS™ and Cordella ™, are used to provide an 

early detection of worsening heart failure and decrease heart failure-related 

hospitalizations. Eversense® by Senseonics Holding [51] is a sensor that monitors 

glucose in diabetic patients. Since Senso-eAXON has very similar technical and 

functional features to these devices, the clinical applications could also be suited for the 

technology.  

 

Considering Senso-eAXON characteristics and the similar functional technologies, the 

main ideas of applications for the future device are listed below: 

 

• Continuous measurement of arterial blood pressure (BP)   

• Continuous measurement of pulmonary artery pressure in heart failure patients 

• Detection of ischemia due to peripheral vascular disease 

• Monitoring of pH in patients with acidosis  

• Monitoring of glucose concentration in patients with diabetes 

• Monitoring of oxygen saturation  

• Lung conductivity measurement for monitoring congestive heart failure 

 

Note: all of the measurements mentioned above could be done by Senso-eAXON 

depending on the internal electronic components. This means that once the best clinical 

application will be decided for the technology, the internal circuit is going to be built 

accordingly and the technology will have a single application.   
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There are some restrictions that do not allow CardioMEMS™ HF System to perform 

other applications such as BP measurements. The hurdles comprehend the conformation 

of the sensor and its large dimensions, which makes the device too large to be implanted 

in the artery. As a matter of fact, the device has a big coil of 3 mm x 8 mm restricting the 

sensor’s size and the possibility to implant it in the lumen of the artery with a diameter 

ranging from 4 mm to 6 mm, as shown in Figure 6.  

 

Figure 6. CardioMEMS™ HF System. Source: Diagnostic and Intervention Cardiology 

webpage [52] and Abbott Cardiomems™ HF System product webpage [53] 

 

If no implantable sensing system has been developed for continuous BP monitoring in 

peripheral arteries it may be because the existing technologies produce implants that are 

too bulky for deployment within peripheral arteries, increasing the risk of occluding the 

artery. In this sense, Senso-eAXON’s embodiment is preferable over other implants 

requiring invasive surgery because it allows minimally invasive percutaneous 

deployment (i.e injection). Moreover, the miniaturization of the device allows the system 

to be less obtrusive and bulky than existing technologies.  

The direct competitors of BP monitoring would be traditional methods such as the 

sphygmomanometer or the ultrasound method. These techniques present many 

inconveniences which will be discussed later on. The main restriction they have is that 

they neither provide continuous nor direct measurement of BP. They are also very bulky 

to carry and inaccurate. On the other hand, Senso-eAXON, does not need to be calibrated 

every time is used and is very precise and accurate as it obtains values from the location 

where the event is taking place, filtering out the external artifacts such as movement 

artifacts.  

Another sensor used in clinical practice is continuous glucose monitoring sensor for 

diabetic patients Eversense® by Senseonics Holding [51] (Figure 7). This sensor warns 
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you of approaching hypoglycemic and hyperglycemic events. It is a transcutaneous 

continuous glucose monitoring sensor that uses intensity of fluorescence to measure 

glucose in interstitial fluid. It is committed to its biocompatibility that only allows the 

system to be implanted for 180 days. Moreover, it is limited to applications in which the 

sensor is very close to the external unit [51]. 

 

 

 

 

 

 

 

 

 

Figure 7. Eversense® Continuous Glucose Monitor. Source: Mobihealth news [54] 

 

In this sense the competitive advantage of Senso-eAXON could be a longer lifespan, 

research has to be carried out in this direction. 

We can already assume from this section that the type of medical specialties of interest 

for the technology are cardiology, nephrology, endocrinology, pneumology and vascular 

surgery. A set of KOLs can be identified already based on the medical speciality. 

 

3.2.3. Feedback from Key Opinion Leaders 

3.2.3.1. Selection of interviewees 

Once a mass of possible applications for the device have been listed and decision makers 

have been identified, innovators should begin to plan the first interviews. The KOLs can 

provide realistic views of the market and give valuable insight on product design and 

clinical practice. Talks with target customers in the initial stages of technology-driven 

innovation are key in order to determine the future product acceptance [24]. Information 

about previous chapters help select interviewees and shape the interviews. For instance, 

applications related to a branch of medicine have to be discussed with physicians of the 
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specialty at issue (i.e. contact a cardiologist to discuss applications on BP and 

cardiological events monitoring). For this reason, interviews are a very powerful tool of 

this section: they help validate or refute clinical applications relying on experts on the 

field and they act as a chain reaction for new ideas. While some problems are obvious, 

others may not have been recognized yet by the innovator and the KOL can reveal them. 

3.2.3.2. Recommendations 

Experts on Medtech show that “Probe and Learn” process is best suited to TP projects 

[55,22].  It implies the confronting of potential customers with not necessarily a mature 

prototype in an early stage of the project to gain information about the market. Innovators 

should document themselves and prepare unique interviews for every person they will be 

talking with. Recommendations by experts [24] include: 

• Recollect the date, time and place of interview 

• Give data of interest for the physician in particular such as the prevalence of 

disease, the amount of money that would be saved and the hospitalizations that 

would be avoided with the emerging technology 

• Induce story-telling 

• Avoid binary questions (Yes/No), use instead open questions 

• Do not suggest answers to questions 

• Recollect future contacts 

Practical case 

The list of ideas of applications was confronted with healthcare professionals that either 

validated them or refuted them. After 17 interviews with healthcare professionals from 

different specialties, a “champion list” of clinical needs to be addressed with our 

technology was created: 

• Monitor arterial BP in hypertensive patients who suffer from coronary heart 

disease or in renal ablation hypertensive patients with atrial fibrillation 

• Monitor arterial BP in hypotensive patients 

• Measure continuously anticoagulation rate in patients with atrial fibrillation 
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• Monitor BP or composition of blood in elite athletes to prevent sudden deaths 

• Monitor subclinical thrombosis in Transcatheter Aortic Valve Implantation 

(TAVI) patients 

• Monitor oxygen saturation in hypoxemic patients 

• Monitor the airway diameter to prevent obstruction in asthmatic patients 

As it is seen, the applications validated by the physicians were refined with a specific 

group of patients that could benefit from them (i.e. hypertensive patients with atrial 

fibrillation). Interviews served to go from general applications to more detailed ones. 

Besides from a more defined list of needs, in the interviews the drawbacks of the device 

were seen and confronted. This is also an interesting part of brainstorming sessions with 

KOLs. All healthcare professionals proposed ways to improve the Senso-eAXON 

technology, some ideas were validated by them and some others were provided 

considering application fields that were not conceived in the first place. The great 

majority agreed that continuous monitoring systems enable the detection of medical 

problems, especially cardiological complications. Cardiologist saw a clear need to 

ameliorate the monitoring of blood pressure in both hypertensive and hypotensive 

patients. They emphasized also the problem of underdiagnosis of HT due to the 

inaccuracy of existing techniques and the discomfort that 24-hour ambulatory blood 

pressure monitoring holter monitors suppose for the patient.  Two of them even proposed 

a collaboration, and offered their facilities to do clinical trials. Nevertheless, they all 

insisted in the high specificity and biocompatibility that the sensor should have and they 

particularly stressed the security and comfort that the device needed to provide to the 

patient. 

 

3.2.4. Analysis of opportunities and needs filtering  

With a large amount of needs to evaluate, innovators cannot perform an in-depth market 

analysis for each one. The needs have to be classified to concentrate efforts on the 

minimum applications possible, for this they need to be filtered out as much as possible. 

Experts on innovation, recommend to study the market related to the disease and to 

describe the clinical rationale to understand for what purpose and when the solution would 
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be used. This involves, describing the disease state analysis, the number of people 

affected by it and patients’ segments.  

In tandem the economic impact has to be studied as well, including the total expenditures 

on the disease that we would be addressing. This gives a vision of the market landscape 

and if there is a chance of bringing forward the project in this direction to create value in 

the need area. 

Luis Sönksen from Hopkins University & USMIMA S.L proposes a rationale to evaluate 

variables on need filtering. It can be found in Appendix 10.5. There are 4 variables that 

need to be calculated and scored for need filtering: market, clinical impact, existing 

solutions that solve the problem and gut feeling. Also, a decision matrix can be done with 

the different identified clinical applications contrasted to relevant variables to see which 

applications matches the majority of variables and consequently is the best one for a 

certain technology.  

 

Practical case 

The focus on only one example is for the purpose of illustration but innovators 

should examine all the applications listed in previous chapters.  

 

High BP is a condition in which the long-term force of the blood against the artery walls 

is high enough that it may eventually cause severe complications. It is determined by the 

amount of blood the heart pumps and the amount of resistance to blood flow that the 

arteries offer. The problem with this condition is that it can be asymptomatic for many 

years and despite the lack of clinical manifestation, damage to blood vessels and to the 

heart continues. It is a global health issue; the adverse health consequences of 

hypertension (HT) are diverse; it is a risk factor for events such as heart attacks, atrial 

fibrillation, stroke and more several complications [56].  

It affects 24% of men and 20% of women worldwide. The number of people affected is 

constantly increasing due to ageing and adoption of behavioral risks such as smoking and 

harmful diets. The most impacting fact is that over 1.13 billion people, only 1 in 5 subjects 

have this disease under control [57].  

Regarding the economic impact, overall cardiovascular disease is estimated to cost the 

European Union economy 210 billion € a year. As aforementioned, HT is a risk factor for 
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more serious conditions: it doubles the odds of suffering coronary disease and increases 

the chances of coronary heart disease and stroke [58]. The cost of the interventions for 

these two types of conditions range between 2 thousand and 5 thousand € per person in 

Spain. Heart attack patients cost on average 13.953 € per person to the society. Depending 

on the country and the cost associated to stroke ranges from 10.469 € and 20.215 €, both 

being 25% less productive at work than before the cardiovascular event [59]. Studies also 

show that hospital admissions would decrease if HT was better controlled [60]. 

The existing techniques for diagnosis include the sphygmomanometer, the oscillometric 

technique, the ultrasound technique and the invasive intra-arterial method by insertion of 

catheter [61]. However, they all present some disadvantages such as inaccuracy, bulkiness 

and the need of calibration. An inaccuracy of 5 mmHg leads to the misclassification of 

HT in millions of people every year as well as high BP overestimation creates additional 

cost and unnecessary treatment.  

Also, there are studies comparing BP measurements that state that brachial cuff BP 

readings differ from intra-arterial brachial BP by 5, 10 and 15 mmHg [62]. 

In 2018 the global BP monitoring devices market size was 1.25 billion USD and it is 

expected to grow at an annual growth rate of 10.1% until 2026 [63]. 

After the study of the other application and its related market, a decision matrix was 

created. It can be found at Appendix 10.6.  

 

 

 

4. DISCUSSION  

It is clear that there is an existing need in creating practical guides for TP innovations. As 

previously discussed, there are publications about technology roadmaps [28,31] and TP 

projects but none gives a detailed step-by-step guide to lead innovators, students and 

researchers through the process of identification of needs. There is no specific script for 

this purpose in the literature. The medical devices market is growing exponentially and 

so are clinical needs, therefore it is important to take advantage of this fact to exploit the 

technological advances and to apply them in the healthcare sector. 
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In the study by Caetano et al. [28] they provide a visual roadmap detailing stages between 

the technology idea and the final technology focusing on market partners. Yet, no 

information is given on techniques to filter the different needs the technology can asses 

and the validation of the method is done only inside the organization. Lee et al. [27] focus 

on the analysis of patents to identify similar technologies and select the most promising 

industries and markets. However, it is only applicable to already developed technologies. 

Researchers continue to work to add value and tools to the roadmapping process by 

integrating technology planification and market search.  

The aim of this thesis was to provide a roadmap to identify clinical needs in technology 

driven innovations. This was done by reviewing studies about innovation in medical 

technologies and comparing MP and TP strategies. The participation to the identification 

of needs for the Senso-eAXON project was used to design the roadmap. The technology 

consisting on a wireless implantable sensor and an external remote unit for monitoring 

patients by continuously measuring biomedical parameters. The spin off project was born 

from another technology that was invented for a totally different purpose. Confronting a 

real-life situation of a TP project helped identify the key points of this type of approach 

and to add value to theoretical studies in the literature as well as to bring new ideas to the 

final roadmap.  

In the first stage of the roadmap a description of the technicity and functionality of the 

technology was performed as well as the evaluation of the TRL. The TRL score assigned 

to the technology was 3, which indicates that the technology is not at a very early stage 

in which the characteristics would not be clear but neither it is at a really advanced one, 

that would imply that the technology is already associated to a clinical need. Secondly, a 

prompt list of ideas of applications of the device was performed, some of the ideas came 

up by confronting the characteristics and features of the technology, mentioned in the first 

chapter, to real applications and necessities and other by studying similar functional 

technologies and their applications. In this stage the drawbacks of commercially available 

sensors were examined and the competitive advantage that Senso-eAXON would suppose 

was also stated. Thirdly, more defined needs were defined and were later confronted to 

KOLs healthcare professionals. Some of the ideas were rejected by them, others were 

approved and some other were added based on their opinion and decision. The interviews 

helped to identify needs that were not conceived at the beginning. However, technology 
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induced projects bring the need of a change of behavior for the healthcare professionals, 

they need to be trained with the new device. Experts on innovation insist on making sure 

that the emerging product has a short learning curve. If you have to re-educate the users 

with a novel technology, you need to make sure they will want to learn how to use it and 

in the shortest period of time possible. Finally, a technique to filter the needs was 

explained and applied to the case study, for a deeper evaluation and description of this 

section see handbook in Appendix 10.5. In this section, a disease state analysis was 

presented showing the high percentage of hypertensive patients and the probability to 

suffer more serious events such as strokes or heart attacks. The economic impact 

associated to HT is also excessive including the cost of hospitalizations, medication and 

surgeries related to complications and finally the actual techniques for diagnosis are not 

accurate and precise; they are bulky and need to be constantly calibrated.  

All in all, Senso-eAXON was born as a solution looking for a problem. After following 

the roadmap for the Senso-eAXON case it can be confirmed that the key benefit of the 

medical technology is to monitor patients continuously and directly enhancing their 

quality of life. This can lead to the detection of new pathologies, to the modification of 

medication dose and to the reduction of hospitalizations due to emergencies. After a of 

different applications and the research of existing technologies we conclude that the best 

application for this technology is the monitoring of hypertensive patients with arterial BP. 

Therefore, BP monitoring is a remarkable opportunity for Senso-eAXON, as BP is 

currently only measured at discrete times and indirectly, missing information of changes 

in the values, for instance while doing exercise or sleeping. This explains the need of an 

implantable sensing system. Moreover, the idea is sustainable, as the monitoring devices 

market will continue to grow exponentially and the percentage of hypertensive patients 

increases with age. There is a clear need for a continuous accurate monitoring device. 

The main limitations of this work come from the validation of the roadmap and the 

completion of it. First of all, this roadmap was only validated inside the research group, 

since there was no way to validated it with a new emerging technology case. In addition, 

as the technology is still in an early stage of development, it was not possible to continue 

developing the roadmap with the illustrative example of the practical case. Moreover, the 

way of bringing a medical device to the market is a matter of years and the available time 

only permitted to assess the first stages of the roadmap.  
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The discussed results show that the current thesis could be a starting point for future work. 

For this reason, and to improve the relevancy of the thesis, a possible future project is 

exposed:   

I. Complementation of the TP roadmap applied to Medtech and transformation 

of the Senso-eAXON technology into a market product 

This thesis should be seen as a starting point and could be applied to other practical cases. 

A future project suggested consists on bringing complementary steps to the already 

designed and existing roadmap with the same technology or with a new one. For instance, 

adding need filtering methods or describing and listing another type of features besides 

technical and functional. As aforementioned, the roadmap is incomplete; the merit of this 

thesis is that the description of the proposed roadmap can serve as a starting point for 

future application.   

 

5. CONCLUSION 

This thesis has developed a new approach for finding business opportunities based on 

technology-driven innovations and proposes a roadmap. A major difficulty encountered 

in TP strategy is obtaining information on markets and products when the project is at its 

initial stages and the organization is not completely structured. Roadmapping techniques 

can help solve this problem guiding the innovator in a fluid pathway.  

MP and closed innovation often go together to define technologies to be developed based 

on market needs, although for TP the unique possible solution is to adopt an open 

innovation to extract market and technology information by using external sources. 

Conventional market research methods such as surveys are used in MP short-term studies 

based on customer needs, incrementing already existing technologies. The market of 

technology-driven innovation is in contrast, oriented to the future to create needs and 

markets that may not be conceived yet. This is why TP projects are related to radical 

innovations. Through this research process it was learnt that it is better to be alone in a 

big pond than trying to fit in a crowded market. For this kind of projects, quality is 

preferred over quantity and this is the reason why one-on-one interviews and case studies 

are recommended. 
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This thesis identifies a particular problem in the introduction and describes a roadmap to 

identify clinical needs in TP innovations based on interviews with experts of innovation, 

a literature review and a practical case. Every technology is unique, the roadmap will 

bring the general aspects but each technology will have to adapt it to its own requirements 

and characteristics and bring its own strategies. The roadmap can serve as a guideline and 

as an instrument for project and technology planning but also as a learning tool for those 

interested in types of Medtechs innovations. This study has also identified opportunities 

for a novel technology, Senso-eAXON, that now can be examined in detail.  

 

One of the interviewees for this thesis mentioned in a meeting “Life begins at the end of 

your comfort zone” and this sentence perfectly applies to this thesis because if we always 

rely on already existing technologies and we only focus on incrementing them we will 

never get out of our comfort zone.  
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BERG- Biomedical Electronics Research Group 

CAGR- Compound annual growth rate 

EPO- European Patent Office  

R&D- Research and Development 

GDP- Gross Domestic Product  

OECD- Economic Co-operation and Development  

KOLS- Key Opinion Leaders 

TP- Technology Push 

MP- Market Pull 

LASER- Light amplification by stimulated emission of radiation 

CIMIT- Consortia for Improving Medicine with Innovation & Technology 

SRL- Systematic Literature Review 

RQ- Research Question 

NF- Not Found 

FDA- Food and Drug Administration 

TRL- Technology Readiness Level 

LED- Light emitting diode 

BP- Blood Pressure 

HT- Hypertension 

HTA- Health Technology Assessment 
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10. APPENDICES  

10.1. Systematic literature review  

(RQ1): What processes can be used to improve the chances of success in innovation? 

(RQ2): What are the key successful factors in a Technology Push project? 
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Author, year of 

publication, 

citations and 

location 

Keywords Answer to research questions Gaps 

Ghoderswar et al. 

2006  

[21] 

 

Cited 15 times 

 

Mumbai, India 

Medical technology, 

medical innovation, 

innovation attributes 

 

(RQ1): Keep the innovation as simple as possible. 

Compatibility with the healthcare environment. 

Give the option for customers to try a technology without 

commitment. 

 

 

(RQ2): Take into account significant technological 

attributes such as complexity and risk. 

 

Does not take into 

account the 

competition or the 

already existing 

techniques 

Lee et al. 2009 

[22] 

 

Cited 216 times 

 

Republic of Korea 
and University of 
Cambridge, United 
Kingdom 
 

Technology roadmap, 

roadmapping, patent 

analysis 

(RQ1): Relation with other firms, collaboration, 

benchmarking and diversification. Roadmapping from 

analysis of patents to identify organizations can develop 

your project in search for new business opportunities.  

 

(RQ2): Look for similar medical technologies already in 

use. Collaborations with other firms. Identify other 

industries where the technology could be used. Ease of use 

of your technology. 

 

Only applicable to 

already developed 

technologies. Does 

not talk about 

partners 

Caetano et al 2011 

[23] 

 

Cited 135 times 

 

Sao Paulo, Brazil  
 

Technology 

development, 

partnership, 

innovation 

(RQ1): Importance of partnership and roadmapping. Prove 

a method effectiveness internally and externally. Link 

between open innovation and technology roadmapping 

methods. 

 

(RQ2): Focus on core competencies in order to succeed 

against the competition.  

 

Talks very little on 

techniques to filter 

needs. 

Validation of the 

method only inside 

the organization. 

 

Wells et al. 2004 

[24] 

 

Cited 115 times 

 

Virginia, United 
States  

Research activities, 

technology 

development, 

innovation 

 

(RQ1): Planning to identify the participant’s interests, 

techniques, relate identified opportunities and draw a 

roadmap. 

 

(RQ2): Technology strategy and corporate strategy. 

Technology roadmapping to achieve integration 

of technology and business planning. 

Does not show how 

to participate in 

research networks 

Cooper et al. 2001 

[25] 

 

Cited 1327 times 

 

Pennsylvania, 
United States  
 

Stage-Gate®, new 

product process, 

portfolio 

management, project 

prioritization, and 

resource allocation. 

(RQ1): Break the project into decision stages. Maximize 

the product’s value. 

Not Found (NF)  

Gerdrsi et al. 2009 

[26] 

 

Cited 110 times 

 

Bangkok, Thailand  
 

Technology 

roadmapping, 

strategic planning 

(RQ1): Technology roadmapping. Involvement of 

partners.  Dynamic linkage between individuals and groups 

 

Takes into account 

only organizations 

internally, no external 

agents. 
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Sarja et al. 2015 

[27] 

 

Cited 9 times 

 

Oulu, Finland  
 

New product 

development, 

Technology push, 

radical innovation 

 

(RQ1):MP and TP are the drivers of innovation. Make 

clear if your project is going to be an incremental or radical 

innovation.  

 

(RQ2): Focus on customer need, internal/external  

networks, management support, development team is 

dynamic, motivated and talented, alternative markets 

should be examined as well. Handle the novelty of the 

product and educate people to use it.  

Does not define 

innovation types, too 

general. 

Escorsa and Valls 

2004 

[14] 

 

Cited 764 times 

 

Barcelona, Spain  
 

Innovation 

management, 

innovation types 

 

(RQ1): Partners collaboration. Do not focus on a single 

solution. Externalization of ideas. 

 

(RQ2): It is important to understand that the science 

behind every project is different at every stage. At the 

beginning, it is pure with a very large field of application, 

in the developmental stages it is when you combine the 

science of different processes to act together and create 

value. 

NF 

 

 

 

 

 

 

Yock et al. 2015 

[20] 

 

Cited 230 times 

 

California, United 

States 

 

Biomedical 

Engineering, 

innovation, Medtechs 

(RQ1): Structure the process of innovation into phases. 

Needs finding, needs screening, concept generation, 

concept screening, strategy development and business 

planning. Enhance information exchange.  

 

(RQ2): Do not change a need to suit your invention.  

NF 

Herstatt and Lettl. 

2004 

[18] 

 

Cited 116 times 

 

Hamburg, 
Germany  
 

Technology push, 

project management, 

marketing 

 

(RQ1): The authors defend the idea of mixing MP and TP 

for success. Use “Probe and Learn” presenting customers a 

prototype of your device to acquire market knowledge and 

to gain information for the development of subsequent 

prototypes.  

 

(RQ2): List all the technical and functional features of the 

device to later identify application fields. Identify “Lead 

Users”. Educate your customer. Technology push is a 

competitive advantage to create breakthrough products. 

Manage very short development-cycle and increasingly 

competitive market.  

Gives topics for 

thoughts and 

discussions but no 

solutions. 

 

Table 4. Compilation of information about publications about innovation in Medtech 

and answer to research question 
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10.2. Interview template  

Interviewer(s): 

Name(s):  

Date and hour:  

Duration:  

Method: (e.g. phone, Skype, in person, reply to email1) 

Location:  

 

Interviewee(s): 

Name(s)  

Title(s) and 
affiliations(s) 

 

E-mail address(es)  

Stakeholder role(s) (e.g. user, economic buyer, anti-buyer, KOL…) 

Contacted because (e.g. referenced by previous interviewee, relative of a member 
of the team, identified through a web search…) 

 

 

Key Points: 

▪ Bullet points on the discussed topics. 

▪ Each topic should have an extension between one full line and four lines.  

 

References for future interviews: 

Name  

Title and affiliation  

Stakeholder role  

Name  

Title and affiliation  

Stakeholder role  

Name  

Title and affiliation  

Stakeholder role  

 

 

 
1 If the expert is inquired by email rather than through an interview, a copy of the email(s) must 
be attached at the end of this document. 
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Important take-away messages and future actions: 

▪ Write down the list of take away messages and future actions as bullets points. 

▪ Each point should have and extension between two and six lines. 

▪ Items to consider: key new insights, new technological ideas hinted by the 

interviewee(s), future actions to consider in view of the information or advices 

provided by the interviewee(s)… 

 

10.3. Summary of the most relevant interviews with physicians 
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Name of the 

interviewee 

Field of work Role  Information on diseases Medical Devices Techniques 

to monitor 

HP 

Applications for our 

technology 

Problems observed 

in patients 

Problems of our 

device 

Josep Maria 

Montserrat 

 

Pneumology 

 

Pulmonologist 

doctor at 

Hospital Clinic 

Barcelona 

 

Arterial pressure decreases 

during the night.                                                                               

Patients with pulmonary 

problems measure blood 

pressure 3 times/ day and it is 

not done in a established way 

with a protocol. Moreover, 

calibrations are not brilliant. 

 

Vitalograf-

spirometer 

measuring 

technology 

 

24-hour 

ambulatory 

blood 

pressure 

monitoring -

holters 

 

 

 

 

Pulmonary 

hypertension                                                                                                                                                                                                                                                                                

Monitor bronchial 

obstruction                                                                                                                                                                                                                                                                                 

Flow sensor in 

bronchial wall 

 

 

 

 

 

 

The flow of air in 

asthmatic patients 

decreases 

dramatically during 

the night. 24h ABPM 

really uncomfortable 

for patient. Patients 

with pulmonary artery 

hypertension measure 

it 3 times/day. It is not 

well established.  

 

Security, invasiveness.  

 

Alex Roger 

 

Pneumology 

 

Pneumologist at 

Centre Roger 

Barri and 

Hospital Broggi  

 

In pneumonia, the PO2 gives 

information about the 

severity.                                                          

In asthma, the bronchi wall is 

damaged, there is an 

inflammation and bronchial 

hyperactivity, the muscle is 

contracted constantly.  

 

Peak Flow meter-to 

measure peak 

expiratory low rate 

 

 Measure the diameter 

of the airway                                                                           

Resistance made by the 

airway to the flow of 

air                                                       

Gasometry (po2) 

 

Arterial gasometry is 

hurtful and invasive. 

 

None 

 

Francisco 

Alarcón 

 

Arrythmias 

 

Biomedical 

engineer at the 

arrythmia section 

of Hospital 

Cliníc 

 

After atrial fibrillation 

ablation patients are 

monitored at home with a 

Holter.  

Sometimes subcutaneous 

implanted holters. 

 

 

 

 

 

 

 

 Blood pressure 

monitoring in renal 

ablation hypertensive 

drug-resistant patients 

 

Resistant to 

medication 

 

Price 
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Reveal Linq 

(Medtronic) - 

subcutaneous 

implanted holter 

 

Marta Sitges 

 

Cardiologist 

 

Cardiologist at 

Hospital Clínic  

 

Heart failure patients: check 

arterial pressure to dose the 

medication because it lowers 

it.                                                                                                                                      

A stimulus of hypertension 

can cause fibrosis in heart 

muscle, that end up in 

arrythmias. 

 

 

  Post-operative 

patients.                                                                                                  

Prevent sudden deaths 

of athletes.                                                                                         

Measure 

anticoagulation rate in 

patients with atrial 

fibrillation that take 

Sintrom. 

 

A lot of patients 

respond badly to 

Sintrom medication 

 

None 

 

Ander 

Regueiro 

 

Cardiologist 

 

Cardiologist 

at Hospital Clínic 

Aortic Stenosis is the 

narrowing of the aortic valve 

opening: valve is stiff. It 

restricts the blood flow.                                                                                                  

 

TAVI: transcatheter 

aortic valve 

implantation to 

replace a narrowed 

aortic valve 

 

 Measure pressure of 

the aorta to detect 

stenosis/narrowing.              

Detect subclinical 

thrombosis before 

complications 

 

Respond badly to 

adenosine medication.                                                          

Subclinical 

thrombosis occurs 

inside a TAVI. 

 

 

 

 

 

None 
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Melina Vega 

 

Nurse 

 

Nurse at Hospital 

Galdako-

Usansolo,Bilbao 

 

In vascular-diseased patients, 

BP is measured 3 times/day. 

Inpatient care, this is 

measured continuously. They 

are seen by nephrologists as 

well. Ankle/brachial pressure 

is measured to detect 

Peripheral arterial disease.  

 

 Anatomically 

or 

sphygmoman

ometer for 

ankle/brachia

l pressure for 

vascular 

patients. 24-

hour 

ambulatory 

blood 

pressure 

monitoring 

for 

hypertensive 

patients.  

 

 Inaccuracy of blood 

pressure 

measurements  

 

She suggested that the 

sensor would have to be 

implanted in the wall of 

the artery to not 

interfere with the blood 

coagulation and artery's 

function. It would be 

interesting if it lean on 

the well but not 

compress it. 

Eduard 

Quintana 

 

Cardiologist 

 

 

Cardiologist at 

Hospital Clinic  

 

In heart failure patients we 

measure pulmonary artery 

pressure with a catheter that 

we have to insert every time. 

Patients that undergo 

cardiology interventions are 

monitored before and after 

with BP. Patients with 

coronary artery disease also 

measure they pressure every 

day. They diagnose heart 

disease with oxygen 

consumption, Biomedical 

images, biomarkers like BNP 

which  is liberated by 

auricular because patients 

with heart failure have a lot of 

pressure there and they 

liberate more quantity of it.To 

 They measure 

arterial 

pressure in 

post-

operative 

patients 

continuously.  

They 

diagnose 

heart disease 

with oxygen 

consumption, 

Biomedical 

images, 

biomarkers 

like BNP  

 

 

 

 

 

 

Monitor arterial blood 

pressure. It would be 

interesting to measure 

ocygen saturation. 

 

The problems within 

the techniques that 

exist nowadays is that 

they are faulty and 

intrusive 

 

 

Invasivity 
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control if a stent is performing 

well, clinically the image 

diagnose is invasive because 

it we insert a catheter or 

angiography. Myocardial 

ischemia after stent 

implementation tells you it is 

probably wrong inserted. 

 

Berta 

Pascual 

 

Neurologist 

 

Neurologist at 

Hospital Sant 

Pau, specialist in 

Parkinson's 

disease 

 

In Parkinson’s disease, the 

principal alteration is 

orthostatic hypotension: it Is a 

heavy decrease in the blood 

pressure of the patient. It 

affects 15-20% of patients 

with PD.  

 

Cranial Electrical 

Stimulators to treat 

PD 

 

AMPA 24-

hour 

ambulatory 

blood 

pressure 

monitoring -

holters 

 

Monitor hypotension 

and hypertension peaks 

 

The drugs they take 

for the illness worsen 

the hypotension that is 

why they also have to 

take complementary 

drugs to increase the 

arterial pressure such 

as corticoids. This 

sometime can create 

the adverse effect of 

hypertension peaks 

during the night.  

 

None 

Angel 

Chamorro 

 

Neurologist 

 

Neurologist 

specialist in 

epilepsy at 

Hospital Clínic 

 

To measure electrical activity 

in patients with epilepsy they 

perform ECG during various 

days at the clinic. 

Cerebrovascular diseases are 

directly related to 

hypertension. Patients that 

suffer from it are monitored 

with arterial pressure every 15 

minutes. 

 

 AMPA 24-

hour 

ambulatory 

blood 

pressure 

monitoring -

holters 

 

24h blood pressure 

monitoring is 

something really 

wanted and useful. 

Variability in blood 

pressure gives a lot of 

indications: it’s an 

important marker, it 

gives you a big clinic 

prediction on 

STROKES for 

example. 

AMPA is reliable but 

we can make it better.  

 

None 
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Table 5. Interviews with physicians.                                                                                                                                                                      

 

 

 

 

 

Manolo 

Garcia-

Valdecasas 

 

Gynecologist 

 

Gynecologist at 

Hospital Teknon 

 

It is interesting to monitor 

women with pre-eclampsia.  

 

Contraceptive 

implants 

Nexplanon.  

 Monitor hypertension 

in women with pre-

eclampsia.   

 

Personally, he thinks 

it works very bad. 

Once they are 

inserted there is no 

way of getting them 

out. It is a very little 

intervention to insert 

them but somehow 

very harmful. It has 

different absorption 

rates depending on 

the patient's 

metabolism 

 

Anticoagulant 

medication 
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10.4  Competitor’s comparator  

 

 

Features CardioMEMS™  HF 

System 

Eversense®  Cordella™  Bravo™  

Variable of interest Pulmonary artery 

pressure 

Glucose Pulmonary artery pressure Reflux testing system 

Company St Jude Medical Senseonics Endotronix Medtronic 

Launch country United States United States United States United States 

Implantable Yes- Catheterization  Yes-Subcutaneous Yes- Catheterization Yes- Endoscopy 

Already 

commercialized  

Yes Yes No Yes 

Duration Lifetime 90 days Lifetime 96 hours  

 

Table 6. Analysis of the competitions based on features.                                                                                                                               
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10.5   Needs filtering- scoring variables 

Need Filtering Round 1 

 

Variables to calculate for need filtering: 

 

I. Market :  
 

 

o Economic Impact: Worldwide cost generated by the 

problem/disease. 

≥ 1000.000.000$ 

 

o Market Value: The amount of money that the current solutions for 

the problem move in the market. 

≥ 500.000.000$ 

 

Scoring: 

 

− 1: Neither of them 

− 2: Marginally fulfill with only one of the criteria. 

− 3: Fulfills both criteria. One of them marginally and the other 

greatly. 

− 4: Fulfills both criteria. Only one of them extraordinarily. 

− 5: Fulfills both of the criteria extraordinarily. 

 
 Economic Impact ($) Market Value ($) 

Criteria ≥ 1000.000.000 ≥ 500.000.000 

Marginal 900.000.000 < X < 1100.000.000 490.000.000 < X < 510.000.000 

Great 1100.000.000 ≤ X ≤ 5000.000.000 510.000.000 ≤ X ≤ 2000.000.000 

Extraordinary X > 5000.000.000 X > 2000.000.000 

 

 

World Market Estimation = 3 * (USA || EU) Market 

 

 

 

II. Clinical Impact: 
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o Fatality: It kills ≥ 30% of the population with the disease during the 

illness 

o Prevalence: ≥ 1.500.000 people in the world. 

 

World prevalence estimation = (USA prevalence 

* 10) || (EU prevalence * 5) 

 
 USA EU Others 

Population 10% 20% 70% 
Multiplication 

Factor 
10 5  

Scoring: 

 

− 1: Neither of them 

− 2: Marginally fulfill with only one of the condition. 

− 3: Fulfills both conditions. One of them marginally and the other 

greatly. 

− 4: Fulfills both conditions. Only one of them extraordinarily. 

− 5: Fulfills both of the conditions extraordinarily. 

 

 

 
 Mortality Prevalence 

Condition ≥ 30% ≥ 1.500.000 people 
Marginal 28 < X < 32 1.400.000 < X < 2.000.000 

Great 32 ≤ X ≤ 50 2.000.000 ≤ X ≤ 5.000.000 
Extraordinary X >50      X >5.000.000 

 

III. Existing Solutions that solve the problem 

Number of existing solutions for the disease/problem. Not the number 

of companies. 

Scoring: 

 
- 1: ≥4 Solutions 
- 2: 3 Solutions 
- 3: 2 Solutions 
- 4: 1 Solutions 

- 5: There are no existing solutions 
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IV. Gut feeling: 

 

- 1: I hate the need. 

- 2: I don’t like it, but it might have some feasibility. 

- 3: I neither like nor dislike the need; it might be worth it to try. 

- 4: I like it and I think it has potential. 

- 5: I LOVE IT!!! 

 

 

10.6 Decision matrix 

 

The columns of the matrix represent the final clinical applications validated by KOLs 

while the rows show different criteria used to evaluate if the applications are suited for 

the technology. 

 

A double check  is used when the criteria perfectly matches the application. For  

the last row (market), it symbolizes that there is a high number of people affected by the 

disease at issue and big economic impact.  A single check          means that the criteria 

matches the application moderately and finally the cross           represents that the criteria 

does not match the application or that the market behind the disease is not as important 

compared to other needs. The decision matrix points out that the best clinical application 

considering the given criteria is to monitor hypertensive patients with continuous 

measurement of arterial BP.  
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 Continuous 

blood pressure 

monitoring in 

hypertensive 

patients 

Continuous 

blood pressure 

monitoring in 

hypotensive 

patients 

Anticoagulation 

rate measurement 

in atrial 

fibrillation 

patients 

Composition of 

blood monitoring 

to prevent sudden 

deaths 

Subclinical 

thrombosis 

monitoring in 

TAVI patients 

Continuous 

oxygen 

saturation 

monitoring in 

hypoxemic 

patients 

Continuous 

airway diameter 

monitoring in 

asthmatic 

patients 

Functional  

features 
   

  
  

 

 

Technical 

 features 

  

     

Accurate commercial 

solutions that cover 

the need  

     

 

 

Prevalence of 

disease and 

economic impact 

(market)     

   

 

 

Table 7.  Decision matrix for best clinical application 



R O A D M A P  F O R

I D E N T I F Y I N G

C L I N I C A L  N E E D S  I N  

 T E C H N O L O G Y -

D R I V E N

I N N O V A T I O N S

 
 MAR PASCUAL



Introduction

We live in the era of medical technologies; we live at a

time in which the healthcare industry is more open for

innovation than any other time in history. Seeing an idea

go from the laboratory or clinic to the wider world is

exciting but it is important that these ideas are

successfully put into practice, otherwise they might just

remain ideas. Roadmapping and technology forecasting

are strategic techniques for planning project

developments by matching short-term and long-term

objectives. 

 

Innovation comes under a lot of shapes. It is sometimes

open to the exterior, other times kept inside the

institution, it can be sustaining, disruptive, incremental,

radical, technology-push, market pull… it can be risky,

overwhelming, funny and scary as well! But the society

needs innovation. And especially medical innovation.  

So, bring out your most entrepreneurial side and let the

adventure begin. 



Which came first,
the egg or the
chicken?

Medical devices usually come from a need that is not being

covered, from the existence of a persisting problem for which

the market asks for a solution. This is what we call a need-

driven or Market Pull innovation, in which the user’s needs are

the drivers of innovation. 

The contrary of this approach would be technology driven

innovation or Technology Push: it is when a new technology

drives the innovation. A potentially useful technology is

discovered or invented and then the clinical application is

searched. 

 

Either technology is a starting point for product development

or technology searches are performed during the product

development process in order to find a solution for a specific

problem.

This is why the debate between the Market Pull and the

Technology Push approach is like asking yourself, which came

first: the egg or the chicken?



Technology Push projects, in which technology is the driving

force for an innovative product are just as interesting as need-

driven projects. However, so little information can be found on

how to innovate using the Technology Push approach, this is

why it can appear as something mysterious and not worth

investing time on. To bring something to the market that no

one has ever before can be daunting. What are the first steps to

identify applications that could be given by the technology?

How do you translate these applications into real market

needs?

 

The goal of this guide is to answer all of these questions and

provide innovators the first steps to follow to bring an emerging

technology into the market.   It will be illustrated with a real

case study of an implantable sensor able to measure

physiological parameters: Senso-eAXON.

 

Many of the great inventions of the past century were born

after a technology-push approach: cars, smartphones, eBooks

and of course medical technologies such as medical lasers. 

 

Henry Ford once said “If I had asked people what they wanted,

they would have said faster horses”.
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1.1 Description of technology features 

 

The first step is to understand the technology behind the device

under consideration. Experts recommend to list the functional and

technical features of the device in order to understand how the

future product will create value. [1]

The identification of application fields requires an examination of the

functions of the technology.

A functional feature describes how a product will work from the

user’s perspective. The focus should be on the ones that are

remarkable, the ones that show the technological attractiveness of

the device to the ultimate user. 

 

If we think about medical lasers, known as the prime example of TP

innovations in medical technologies, one functional feature that

characterizes laser light is that it can cut almost every type of

material and they  can achieve very high irradiance with very low

divergence [2].

These properties make them suitable for medical applications and

generates that some medical interventions as radiation therapy and

non-contact ablation of tissue or bone require the unique properties

of lasers [3].

 

It is equally important to list the technical features, that describe the

internal electronics and the mechanic properties of the material that

include the weight, the power range, the elasticity, the hardness and

other characteristics.

For the laser case, some technical characteristic we could mention

are: it operates within a very narrow wavelength range and the light 

 

I. UNDERSTANDING THE

TECHNOLOGY



emitted is coherent and so the beam can be focused to a small point

giving it a high-power density, opposed to the incoherent light of a

bulb. Co2 lasers, for instance, the most common medical lasers for

thermal and tissue ablation,  operate at a wavelength range of 8.98 to

10.2 µm  and at a power range of 0.1-100 W[4].

It is important to not focus on a single feature and work hard to

improve that feature forgetting about tall the rest.

 

The experts agree that the value of a new technology is really on the

combination of features.

Some of these features can be obtained by information provided by

the laboratory team and revising the publications about the device.

It is generally agreed that describing a  proof-of-concept that

demonstrates the feasibility can help you better identify the

functional and technical characteristics of your device.

 

 

1.2 Technology Readiness Level

 

At the same time, you can assess the Technology Readiness Level

(TRL), which measures the maturity of the technology under

consideration determining its capabilities. It provides an

understanding of the technology. It is often a question of

interpretation and debate.

From a scale from 2 to 9 the TRL evaluates the capabilities of the

technology and the readiness of it to be a commercial product. 2

consisting on very basic researches and protocols and 9 on a product

that has been tested in animal models and FDA approved [5,6].

I. UNDERSTANDING THE

TECHNOLOGY



I. UNDERSTANDING THE

TECHNOLOGY

A high TRL at this point is not desired as it would imply that the

technology is already associated to a need, but neither is a very low

TRL because that would not let us understand the characteristics of

the technology in a medical context [7].

Figure 1. Medical device development. Source: US Army

Medical Department [5]



Continuous and direct data acquisition    

Battery-free 

Possibility to measure temperature

Possibility to measure voltage

Possibility to measure ions concentration and gradients

Possibility to measure glucose concentration

Possibility to measure optical characteristics

Possibility to measure pressure

Possibility to measure impedance made by tissues

Remote external unit that interrogates the implant with bursts of

current

Flexibility 

Thinness: < 0.95 mm

Length: it ranges from a few millimeters to a very few centimeters 

Hermeticity

Weight < 100 mg

Two electrodes

Internal circuit made up of a capacitor, diode and resistor 

 

Senso-eAXON intends to be an implantable sensor for direct,

continuous patient monitoring. The system is able to measure

physiological parameters in the place where the physiological events

are relevant with high accuracy of measurements and reliability. 

The remarkable functional features of the device are:

 

 

For this to be possible, Senso-eAXON has to have some mandatory

technical features listed below:

 

 

 

Practical case



 

Senso-eAXON is at TRL stage 3: Hypothesis testing and
initial proof of concept (PoC) is demonstrated in a limited
number of in vitro & in vitro models [42].

The technical and the functional information are hidden

in the scientific articles. You probably don’t get everything

at the first read. Make sure to read several times the

publications and recollect them all. 

 

There is sometimes a misunderstanding to differentiate

technical and functional features. The gradation between

these two terms makes it confusing to separate them. For

the functional features we should think about the goal of

the device for the ultimate user, what behavior the device

is expected to have. And the technical features gives

details on components of the device, the engineering of it. 

LESSON LEARNED



Now it is time to identify possible clinical needs and fields of

application for our device. Dealing with technology push innovations

is a double-edged weapon as the technology in particular has not a

clear application yet, but it has a wide range of possible needs to

cover. 

It was learnt with the practical case of this study, Senso-eAXON, that

making a seed list of ideas of applications really helps visualize the

capabilities of the device. 

This part of the roadmap can be assessed from two different

perspectives. 

 

2.1 Educated guesses

 

You can start by making educated guesses based on information on

the previous chapter about technical and functional characteristics.

It is really about finding the synergy between engineering and

science in this step, to pinpoint medical specialties where the

technology could be of interest.

 

If you have a scientific background, you will probably have ease

converting industrial projects into healthcare products as you have

wide knowledge on both fields.

 

However, if you come from a business career, my personal

recommendation is for you to talk to biomedical engineer or similar

in order to inform yourself on how your product

could be introduced.

II. MAKING A SEED

LIST



2.2 Identification of similar  medical technologies 

 

Another approach is to identify medical technologies and methods

used in clinical practice that have similar functionalities to your

technology. As these will already be associated to clinical needs, it is

easier to identify fields of application for the technology under

consideration. 

The examination of abstract functions where the technology can

compete is required for the identification of possible application

fields.

 

Something that should always be addressed in tandem is to look at

clinical needs and persisting problems and see if your technology

could help solve them. As all of the diagnostics and therapeutic

workings of the healthcare system, offer the possibility to search for

unsolved problems,  we can list   specific needs that could be

addressed with the emerging technology.

To illustrate this, once again in reference to the laser case, the

features that we mentioned above make laser suitable for cutting

and lithography so the first ideas of possible applications were laser

cutting for slicing materials.

In medicine, the tool by default used for surgery and anatomical

dissection was the scalpel. However, medical lasers only with the

laser beam touch, they can cut tissues. Surgical lasers are generally

considered “hot knives [8].

 

This makes possible applications for laser in medicine as the

treatment of various skin conditions in dermatology such as scars

and vascular lesions or in surgical acts such as ablation of bones,

tissues and teeth, by hemostatically dissecting or ablating tissues

with the beam of light directly.

II. MAKING A SEED

LIST



II. MAKING A SEED

LIST

It is always useful to make a competitors' analysis to figure out how

crowded the market is , how they compete with one another and

to know their strenghts and weaknesses. Knowing the gaps of

other products makes you determine for which needs your

technology would be superior.   By doing a study of the

competition you can identify which aspects of other technologies

make them suitable for certain applications but not for others. Ask

yourself ‘Why this device is not applied for another type of

condition?’ ‘Mine could?’. Weaknesses of other devices could

represent a clinical opportunity for your device.  

 

Innovators sometimes tend to think that the market situation is

static but the truth is that it is constantly evolving, and competitors

are already working on solving their weaknesses and improving

their strenghts. Project the likely responses of competitors. 

 

A first identification of the medical specialties in which the

technology could have an application in is recommended at this

stage. With a first idea of applications of the technology we can

already sense what types of physicians it could interest.

 

For example, the medical specialties first thought for medical

lasers application were dermatology and surgery. So the physicians

it could interest are dermatologists and surgeons.

 

 



On one side, the list of features made us see the possible applications

for the device. Capacitance-based circuits are able to sense pressure

and they can also measure the impedance of tissue. It is known that

voltage-dependent circuits allow the measurement of biopotentials

for instance, PH or H+ measurements and concentration of other

chemical species such as glucose. Light emitting diodes (LEDs) circuits

can sense the optical characteristics of a tissue like oxygen saturation. 

 

On the other hand, there are many sensing implants similar to Senso-

eAXON in the market. One example is CardioMEMS ™ HF System by

St. Jude Medical. It is a sensor that monitors the pressure in the

pulmonary artery in Heart Failure patients [9]. Cordella™ by

Endotronix is another sensor for pulmonary artery pressure and

provide proactive heart failure management [10]. Both CardioMEMS™

and Cordella™, are used to provide an early detection of worsening

heart failure and decrease heart failure-related hospitalizations.

Another sensor used in clinical practice is continuous glucose

monitoring sensor for diabetic patients Eversense® by Senseonics

Holding [11]. This sensor warns you of approaching hypoglycemic and

hyperglycemic events. 

Bravo™ by Medtronic is a testing system for gastrointestinal reflux

[12].   So, this make possibilities of application for Senso-eAxon which

has very similar technical and functional features to these devices.

 

 

 

Practical case



As we stated before CardioMEMS™ HF System by St. Jude Medical is

capable of sensing pulmonary artery pressure. However, there are some

restrictions that don’t allow this system to perform other applications

such as sensing arterial blood pressure (BP). The hurdles comprehend

the conformation of the sensor to be inserted using a catheter and its

dimensions, which makes the device too large to be implanted in the

artery. As a matter of fact, the device has a big coil of 3 mm x 8 mm

restricting the sensor’s size and the possibility to implant it in the

lumen of the artery with a diameter ranging from 4 mm to 6 mm.

 

 

 

 

 

 

 

 

 

 

 

 

 

If no implantable sensing system has been developed for continuous

BP monitoring in peripheral arteries it is because the existing

technologies produce implants that are too bulky for deployment

within peripheral arteries.

In this sense, Senso-eAXON’s embodiment is preferable over other

implants requiring invasive surgery because it allows minimally

invasive percutaneous deployment (i.e injection).

Moreover, the thinness of the device allows the system to be less

obtrusive and bulky than the other existing technologies.

 

 

                     Figure 7. CardioMEMS™ HF System.                           

Source: Abbott Cardiovascular



 

 

Another example of an implantable sensing system is Eversense ®  by

Senseonics Holding. It is a transcutaneous glucose monitoring sensor

that uses intensity of fluorescence to measure glucose in interstitial

fluid. It is committed to its biocompatibility that only allows the system

to be implanted for 180 days. Moreover, it is limited to applications in

which the sensor is very close to the external unit [11].

 

For Senso-eAXON, studies are being carried out to see whether the

implants could operate permanently.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Eversense® Continuous Glucose Monitor.

Source: Senseonics



Continuous measurement of arterial blood pressure  

Continuous measurement of pulmonary artery pressure in heart

failure patients

Detecting ischemia due to peripheral vascular disease.

Monitor PH in patients with acidosis 

Monitor glucose concentration in patients with diabetes

Monitor oxygen saturation

Lung conductivity measurement for monitoring congestive heart

failure

All in all, the main ideas of applications for Senso-eAXON are listed

below:

 

 

All of these ideas indicate that the medical specialties we will be

interested on are cardiology, pulmonology, vascular medicine and

nephrology. 

Besides from the specialists of a certain type of disease, any type of

healthcare professional including biomedical engineers are also

important to take into account and so are entrepreneurs and experts

in the medical devices market. They are Lead Users as they have a

great innovation potential in comparison to average physicians and

can deliver additional data as well as new product conception and

designs [27].

LESSON LEARNED

Don’t expect to find a technology just like yours in the literature.

If you are innovating using the Technology-Push approach it is

because there is nothing like your device in the market. Instead,

look for the closest technologies to yours. 

 

Start creating a network of physicians and specialists and

recollecting their contact information (email/phone), so when it

is the moment you will be ready to contact them quickly. 



3.1 Selection of interviewees

 

Considering this first list of prompt ideas, the key opinion leaders

(KOLs) that you need to contact should already be identified. These

are the physicians specialized in your field of application. They are

clinical-researchers and can provide realistic views of the market and

give valuable insight on product design and clinical practice.

Think about all the medical specialties that exist and link your ideas

to them. If you don't know what type of specialist treats what type of

disease, look up the clinical picture of the disease and eventually you

will identify the specialist in charge of it. The first contacts are usually

provided by family and relatives, and later the network becomes

bigger after recommendations by the first set of physicians. 

 

Once a mass of possible applications for the device have been listed

and decision makers have been identified, innovators should begin

to plan the first interviews. Indeed, as experts state [13] interviews are

an essential part of needs exploration.

 

Experts show that “Probe and Learn” process is best suited to

Technology Push projects. [14,1]. Probe and Learn implies the

confronting of potential customers with not necessarily a mature

prototype in an early stage of the project to gain information about

the market. The interviews should serve to validate, generate new

ideas and filter out some clinical needs. There is no better way of

knowing the reality of the market you want to take part in that

talking to experts on the field.

 

 

III. FEEDBACK FROM

KEY OPINION LEADERS



Recollect the date, time and place of interview

Write down specific keywords

Induce story-telling

Avoid binary questions (Yes/No), use instead open questions

Do not suggest answers to questions

Be very curious and don’t be afraid to ask ‘why’

Recollect future contacts

3.2 Recommendations

 

Innovators should document themselves and prepare unique

interviews for every person they will be talking with.

 

Recommendations by experts [13] include:

 

 

It is very important to listen to leaders more than imposing your

point of view on the device. As Thomas Fogarty said :

 

"Innovators tend to go out and ask doctors what they want
rather than observe what they need. When you talk to
physicians, as well as others involved in the delivery of care,
you’ve got to learn the difference between what they say, what
they want, what they’ll pay for, and what they actually do.”
 

 

 

III. FEEDBACK FROM

KEY OPINION LEADERS



The applications we have come up with have to be validated by KOLS

which is why interviews are a very powerful tool of this section: they

help validate the applications and they act as a chain reaction for new

ideas. While some problems are obvious, others may not have been

recognized yet. 

17 interviews were held with physicians with healthcare professionals

from different specialties. Figure 2 resumes this information.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Practical case

Figure 2. Medical specialty of physicians interviewed.

Source: Personal Compilation.



 

Monitor arterial BP in hypertensive patients who suffer from

coronary heart disease or in renal ablation hypertensive patients

with atrial fibrillation.

Monitor arterial BP in hypotensive patients.

Measure continuously anticoagulation rate in patients with atrial

fibrillation

Monitor BP or composition of blood in elite athletes

Monitor the process of restenosis   

Monitor subclinical thrombosis in Transcatheter Aortic Valve

Implantation (TAVI) patients    

Monitor oxygen saturation 

Monitor the airway diameter to prevent obstruction in asthmatic

patients

After the interviews, a "champion list" of clinical needs to be

addressed with our technology was created:

 

 

All healthcare professionals proposed ways to improve the Senso-

eAXON technology, some ideas were validated by them and some

others were provided by them considering application fields that were

not conceived in the first place. The great majority agreed that

continuous monitoring systems enable the detection of medical

problems that were not seen before and they truly believe in this

method. Two of them even proposed a collaboration, and offered their

facilities to do clinical trials. Nevertheless, they all insisted in the high

specificity and accuracy that the sensor should have and they

particularly focused on the security and comfort that the device

needed to provide to the patient.

 

The main drawbacks observed by doctors were the risk involving a

minimally-invasive procedure, the need of anticoagulant medication,

damaging of blood vessels due to the insertion of the device.

 

 

 

 

 



Figure  3 .  Draft  list  of
ideas  of  applications .  

Figure  4 .  List  of  ideas  of
applications  post-

interviews

Figures  5&6 .  Sketches  made  by  Physician
Ander  Regueiro  from  Hospital  Clínic  de

Barcelona



Don’t go asking ice cream questions. One of the interviewees,

Markus Wihelms, explained to me what the ice cream question

consisted on: if you ask a large audience ‘Do you want ice

cream?’ the question is going to be 90% of the times ‘Yes’. But if

then you say ‘Ok, the ice cream is made of gorgonzola cheese’

probably no one is going to want it anymore. This example is

useful not to create false hope with your project. Don’t promise

things you are not sure of, otherwise you might get the wrong

answers. Don’t ask KOLs for interest in your emerging

technology, rather ask for needs, costs, performance.

 

Kill your project in every possible way before anyone else does,

to be ready to respond to the possible drawbacks of your

technology the KOLs will mention.

LESSON LEARNED



This phase will help you figure out if your technology has a place in

the market or perhaps is only a WOMBAT (waste of money, brains,

and time). Innovators should understand that not all needs have a

place in the market as they may be not compelling enough, or the

market doesn’t support the efforts and expenses required to bring

forward the project [13].

 

With a large amount of needs to evaluate, innovators cannot perform

an in-depth market analysis for each one. They need to be filtered

out as much as possible in order to concentrate on the minimum

applications possible (preferably one). It is important to understand

that this is an iterative process and needs to be done several times

and for the different identified clinical applications.

 

5.1 Disease state analysis

 

Experts on innovation, recommend first of all to describe the clinical

rational to understand for what purpose and when the solution

would be used. This involves, describing the disease state analysis,

the epidemiology, clinical evidence and patients’ segments. As well

as the overview of solution options. This process provides innovators

with a critical level of knowledge about a condition and makes them

see if the need is approachable.

 

Those with a medical background may think that they already know

and understand diseases associated to a need or those who come

from a business background may have the tendency to skip this part

to study more in detail the general aspect of the market. But make

sure not to skip this fundamental part, as it can give you the specific

answers you have been looking for.  It also important to assess the

economic impact and the total expenditures on the disease we

would be addressing. 

 

 

V. NEEDS

FILTERING



Sustainability

Desirability

Viability 

Suitability 

Feasibility 

5.2  Opportunity Wheel

 

Once the disease state analysis is done, one should have a market

landscape of every disease associated to a need under consideration.

To know if they are good opportunities, we can use the opportunity

wheel [16].

 

It consists on a system divided into 5 sections: 

 

Sustainability means that the application has a long-term

perspective, economically, ecologically or socially talking.

Desirability involves the creation of value for the patient, the fact of

really bringing a solution to a problem. The viability refers to the

attractiveness of the project and the profit potential you can make

out of it. Finally, the project has to be suitable to the technical team,

it has to align with their passions and skills and technically feasible.
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Figure 9. Opportunity Wheel



Hypertension and cardiovascular diseases

Disease state analysis and Epidemiology

1.

a.

 

 

One of the diseases associated to needs identified in previous stages is

hypertension. As aforementioned Senso-eAXON can measure blood

pressure in arteries and it would be interesting to apply it to

hypertensive patients. 

 

High blood pressure is a condition in which the long-term, force of the

blood against your artery walls is high enough that it may eventually

cause severe complications. It is determined by the amount of blood

the heart pumps and the amount of resistance to blood flow in your

arteries. The problem with this condition is that it can be

asymptomatic for many years and even without symptoms, damage to

blood vessels and to the heart continues. It is a global health issue; it

leads to heart disease, stroke and kidney failure among other and

premature mortality and disability [17].

Various conditions can lead to hypertension (HT) such as obstructive

sleep apnea, adrenal gland tumors, thyroid problems and medication.

The global prevalence in adults is 24% in men and 20% in women. The

number of people affected is constantly increasing due to ageing and

adoption of behavioral risks such as smoking and bad diets. The most

impacting thing is that over 1.13 billion people, only 1 in 5 persons have

in under control [18]. Within Europe, hypertension shows an increased

prevalence (44.2% in adults) when compared to the United States and

Canada (27.6%) [19].  

Prevalence of HT increases with age, and affects 66% of people older

than 65 years old, in Europe. 

 

 

 

Practical case



 

At national level, in Spain around the 30% of the population is

hypertensive [20].

Hypertension is a primary risk factor for cardiovascular disease. In 2015

more than 85 million people in Europe were living with a

cardiovascular disease and the number of cases increased by 11.3

million new cases that year [21].

 

 

b. Clinical outcomes

 

The adverse health consequences of hypertension are diverse; it is a risk

factor for events such as heart attacks, atrial fibrillation, stroke and

more several complications.   According to the WHO, cardiovascular

diseases are responsible of 17 million of deaths every year. That

represents one third of total deaths. Only Hypertension complications

causes 9.4 millions of deaths.

It is responsible for 45% of deaths due to heart disease and 51% of

deaths due to stroke. In Europe, cardiovascular diseases result in 1.1

million deaths per year [22].

 

 

 

 

 

Figure 10: The projected mortality trend from 2008 to 2030

for major diseases. Source: A global brief on hypertension-

WHO [22].



 

c. Economic impact

 

Overall cardiovascular disease is estimated to cost the European Union

economy 210 billion € a year: 53% is due to health care costs, 26% to

productivity losses and 21% to the informal care of people. In the study

by Unmuessig et al. 2016, they remark the increase in lost productivity

time in a company due to absenteeism (absence from work) and

presenteeism (reduced productivity while at work) for hypertensive

workers compared to normotensive ones [23].

Heart disease and hypertension are among the top 10 conditions for

productivity losses due to absence per employee per year.

In a company, employees that have poor health outcomes have higher

expenditures than healthy employees [24].

 

In Spain, a hypertensive patient costs as twice as a normotensive

patient. In 2000, HT expenditures represented 69,4% of medication

and 20% of clinical visits for the direct expenditures. 

As we have stated, hypertension is a factor risk for more serious

conditions. It doubles the odds of suffering coronary disease; it

multiplies by 3,8 the probability of having a stroke and by 4 the

probability of suffering from heart failure. The cost of the interventions

for these two types of conditions range between 2 thousand and 5

thousand € in Spain and involves an expenditure between 1.5 and 3.5

million of € every year [25,26].

 

d. Diagnosis

 

Early diagnosis clearly has a positive outcome on patients suffering

from hypertension. 

Clinical techniques for blood pressure have long been used in the

management of patients with hypertension there is now an increasing

interest to measure pressure outside the healthcare centers.

Ambulatory monitoring might result in targeting more efficiently

 



patients that suffer from the condition and prevent more severe

cardiovascular events. Moreover, a lot of patients suffer from the

white coat syndrome that is the condition in which patients exhibit

increases blood pressure due to the anxiety experienced during a

clinic visit. This interest nephrologists as well, given the high

prevalence of hypertension in patient with chronic kidney disease.

Some cuff-less methods have been invented recently for blood

pressure telemonitoring that include apps for smartphones,

portables in the form of smartwatches for example and tricorders.

The problems that these presents are the lack of calibration and the

related measurement errors motion artifacts [27]. 

The table resumes the existing techniques for measuring blood

pressure [28,29].

Table 1. Existing techniques for measuring blood pressure.

Source: Personal Compilation



Noninvasive brachial cuff blood pressure is the technique for

excellence for hypertension diagnosis and management. Relatively

small errors in cuff blood pressure measurements can have

undesired consequences. An inaccuracy of 5 mmHg leads to the

misclassification of BP in millions of people every year as well as

blood pressure overestimation creates additional cost and

unnecessary treatment. 

There are studies comparing blood pressure measurements that

state that brachial cuff BP readings differ from intra-arterial brachial

BP by 5, 10 and 15 mmHg [30].

 

In 2018 the global BP monitoring devices market size was 1.25 billion

USD and it is expected to grow at an annual growth rate of 10.1%

until 2026 [31].

 

 

After this detailed disease state analysis we can use the

opportunity wheel to asses this need. 

 

Sustainability: Taking into account that in developed countries 10%

of hypertensive patients are candidates for long-term surveillance,

the blood pressure monitoring devices market will continue to grow

exponentially.

 

Desirability: There is a clear problem of accuracy in hypertension

measurements, proved by a lot of studies and there is a lack of

hypertensive patient’s compliance to measure the BP continuously.

Senso-eAXON would definitely bring a solution to these problems

and create value for the patient. 

 

Viability: Considering the prevalence of hypertension worldwide,

Senso-eAxon would make a clear profit potential. More stakeholders

would need to validate its attractiveness though. 

 

 

 



Suitability and feasibility: Technology push projects have the

advantage of having these two points covered from the beginning, as

the invention was created before a necessity based on passion and

skills of the technical team.

 

 

For the sake of simplicity (and because I want you to continue to

read this book) a shorter description of other diseases associated to

needs will be presented hereunder, but innovators should study all

the diseases into deep detail.

 

2. Congestive Heart Failure

 

A possibility of application for Senso-eAXON was to monitor patients

with heart failure by measuring their lung impedance, for this reason

we will develop the clinical rationale of this illness.

 

Congestive Heart Failure is also a type of cardiovascular event in

which there is an imbalance in the ejection of blood of the heart and

it fails to maintain the circulation of blood adequately. The most

severe manifestation of Heart Failure is the pulmonary edema that is

caused by an increase in lung fluid. Here comes the importance of

measuring transthoracic impedance, which is the resistance of

electrical flow through the heart muscle during defibrillation. It

affects 1% of the population older than 40 and 10% over 70 in Spain. 

It is studied that heart failure is closely related to pulmonary

hypertension. 

The exams and test to detect pulmonary edema include abnormal

heart sound, tachycardia, rapid breathing, echocardiograms and

electrocardiograms. An acute pulmonary edema has a high

mortality. It is responsible for a lot of hospitalizations.  Heart failure is

a very costly condition: in 2018 around 817 million euros was spent on

it and the great majority is due to hospitalizations. Therefore

preventing hospitalizations is an important goal in heart failure

management. In Spain it represents 3% of hospital admissions and

2.5% of the healthcare cost. 



A study from the Journal of the American College of Cardiology

demonstrated that the monitoring of patients with Heart Failure can

reduce a 37% the hospitalizations [32]. The monitoring of pulmonary

artery pressure is also a control parameter for patients with Heart

Failure that we are considering among the applications of the sensor.

 

 

3. Peripheral Artery Disease

 

Peripheral artery disease is the occlusion and stenosis of arteries

from atherosclerotic processes. When an artery is obstructed, the

velocity of the flow increases and the pressure decreases. So, there is

less amount of blood and the oxygen, nutrients and glucose

decrease.  The proportion of people with this disease in Spain is 3,7%

with an increase greater than 20% in patients aged more than 75

years old, a lot of cases remain under-diagnosed. In the United States

the prevalence is 16%. There are three types of conditions:

intermittent claudication, critical ischemia and acute ischemia.   For

the first condition there is an impairment to walk without pain, for

the second one the patients suffer from ischemic pain at rest and for

the latter, trophic lesions appear such as ulcers. 5% of patients with

critical ischemia will suffer an amputation [33] . The detection of this

illness is done anatomically detecting the pulse in the extremities or

by ankle-brachial pressure index with a Doppler ultrasound blood

flow detector and a sphygmomanometer, the diagnosis is realized

when the value is under 0.9.

In Spain, peripheral artery disease complications represent 9.1% of

hospital admissions and the annual expenditure on the disease is

11.137 €



There are different values for the same variable (prevalence and

economic impacts among others) for a certain disease due to

the enormous number of sources of information that exist

nowadays. Be sure to consult reliable sources (WHO webpage,

Statista, Elsevier, Pubmed, Research Gate) and obtain the most

updated information.

 

Revise your notes on interviews with healthcare physicians

when assesing the opportunity wheel to contrast the

information found with the opinion of professionals. Specially

for the desirability variable. 

LESSON LEARNED



Barriers,
challenges and
future work

Involving customers into technology push innovations often brings

new challenges. Technology induced development projects bring

the need of a change of behavior for the user and for this, they need

to be educated. Experts on innovation, state that your product has to

have a short learning curve. If you have to re-educate the users with a

novel technology, you need to make sure they will want to learn how

to use it and in the shortest period of time possible. This is risky

because the healthcare professionals usually don’t want to spend

time learning, but treating. 

 

Moreover, the healthcare physicians are not able to articulate their

preferences with regard to an abstract technology concept, as they

lack of experience with it. 

Innovation in emerging technologies usually come with trade shows,

conferences, white papers and training by members of the team to

instruct healthcare professionals on the new device. [13]

To illustrate this, once again with the medical laser, there is a lot of

literature on laser training for different type of clinical applications

for several specialties of medicine and surgery [34,35]. 

Nowadays lasers have a broad list of applications. They are used in

dermatology for removing tumor, in ophthalmology, in oncology for

treating cancer, in surgery, dentistry, veterinary medicine and many

other therapies and diagnosis. For this reason, so many guides exist

to train the physicians quickly and effectively in the use of lasers. One

example is the manual Lasers in Medicine and Surgery [36].  



From the idea
to the plan

The merit of this thesis is that the description of the proposed

roadmap can serve as a starting point for its application. Until now,

we have developed the problem-solution fit: we have identified the

perfect need for our technology and we have assessed how to reduce

the pain and create more gain The objective for you now is to reach

the product-market fit. 

 

Now, it's time to translate the technology into a product that creates

value for the customer. This is creating the problem-market fit. Here

we should obtain the customer validation and find the right business

model for our proposal. The business model will describe how an

organization creates and delivers value.  

The Total Available Market, should be already known from the

roadmap

This is like asking yourself: How many people would want/need the

product? How large is the market?

We already know how big the cake is. 

 

But how big is your slice of the cake? 

The Served Available Market will answer this question.

You are now interested on knowing how many people need/can use

the product’ how many people have the money to buy the product. 

How large would the market be (in currency units) if they all bought? 

This information is obtained by talking to potential customers.

 

 



Finally, the Target Market, how much can you eat from the slice of 

cake? This makes reference to the customers you are going to be

selling your product in 1, 3 and 5 years ahead. 

This information is obtained by talking to customers and to channel

partners as well as competitors. 

 

 

 

 

 



A major difficulty encountered in TP strategy is obtaining

information on markets and products when the project is at its initial

stages and the organization is not completely structured.

Roadmapping techniques can help solve this problem guiding the

innovator in a fluid pathway.

 

Every technology is unique, the roadmap will bring the general

aspects but each technology will have to adapt it to its own

requirements and characteristics and bring its own strategies like

the ones illustrated in the case study of Senso-eAXON.  The roadmap

can serve as a guideline and as an instrument for project and

technology planning. 

 

I hope this is a nice beggining for you.

 

And I really hope your entrepreneurial adventure is thrilling.

 

 

 

 

 

Mar Pascual, July 2020

 

Conclusion



[1]             Herstatt, C., & Lettl, C. (2004). Management of" technology

push" development projects.  International Journal of Technology

Management, 27(2-3), 155-175.

[2]             Peng, Qian, et al. (2008) "Lasers in medicine."  Reports on

Progress in Physics 71.5: 056701.

[3]         Brendemühl, A., Werner, M., Ivanenko, M., Hering, P., & Buzug,

T. M. (2007). Comparison of process temperature during laser and

mechanical cutting of compact bone. In  Advances in Medical

Engineering (pp. 419-424). Springer, Berlin, Heidelberg

[4]             https://www.findlight.net/blog/2018/12/29/medical-lasers-

guide/

[5]             Gustav Notander Interim Business Creation Coordinator CLC

Scandinavia, EIT Health. Technology Readiness Levels – (2020,TRL

NASA’s contribution to Horizon 2020.

[6]             Oxford animal hospital. Information retrieved from:

https://oxfordanimalhospital.ca/faqs/what-is-better-about-a-surgical-

laser-vs-scalpel/

[7]             Sauser, B., Verma, D., Ramirez-Marquez, J., & Gove, R. (2006,

April). From TRL to SRL: The concept of systems readiness levels.

In  Conference on Systems Engineering Research, Los Angeles,

CA (pp. 1-10).

[8]             Absten, G. T. (2002). The fundamentals of... medical laser

  technology.   Biomedical instrumentation & technology,  36(3), 203-

207

[9]       CardioMEMS™ HF System Patient System Guide. (2014),

[10]    https://endotronix.com/

[11]     https://www.eversense.es/

[12]   https://www.medtronic.com/covidien/en-us/products/reflux-

testing/bravo-reflux-testing-system.html

 

Bibliography



[13]         Yock, P. G., Zenios, S., Makower, J., Brinton, T. J., Kumar, U. N.,

Watkins, F. J., ... & Kurihara, C. Q. (2015).  Biodesign: the process of

innovating medical technologies. Cambridge University Press.

[14]      Lynn, G. S., Morone, J. G., & Paulson, A. S. (1996). Marketing and

discontinuous innovation: the probe and learn process.  California

management review, 38(3), 8-37

[15]     https://en.wikipedia.org/wiki/Laser#In_medicine

[16]      https://www.youtube.com/watch?v=ltDE31BBMuw

[17]        https://www.mayoclinic.org/diseases-conditions/high-blood-

pressure/symptoms-causes/syc-20373410

[18]           World Health Organization . (2019). Hypertension. Retrieved

from: https://www.who.int/news-room/fact-

sheets/detail/hypertension

[19]     Wolf-Maier, K., Cooper, R. S., Banegas, J. R., Giampaoli, S., Hense,

H. W., Joffres, M., ... & Stegmayr, B. (2003). Hypertension prevalence

and blood pressure levels in 6 European countries, Canada, and the

United States. Jama, 289(18), 2363-2369.

[20]         CABELLO, M. E., TERRADILLOS, P. G., & CLAROS, N. M. (2001).

Hipertensión arterial vasculorrenal en mujer joven.  MEDICINA

GENERAL, 30, 55-58.

[21]     European Cardiovascular Disease Statistics 2017

[22]         World Health Organization. (2013).  A global brief on

hypertension: silent killer, global public health crisis: World Health

Day 2013 (No. WHO/DCO/WHD/2013.2). World Health Organization.

[23]         Unmuessig, V., Fishman, P. A., Vrijhoef, H. J., Elissen, A. M., &

Grossman, D. C. (2016). Association of controlled and uncontrolled

hypertension with workplace productivity.  The Journal of Clinical

Hypertension, 18(3), 217-222.]

[24]         Goetzel, R. Z., Long, S. R., Ozminkowski, R. J., Hawkins, K.,

Wang, S., & Lynch, W. (2004). Health, absence, disability, and

presenteeism cost estimates of certain physical and mental health

conditions affecting US employers. Journal of occupational and

environmental medicine, 46(4), 398-412.]

[25]         Bernick, S., & Davis, C. (2014). The economic cost of

cardiovascular disease from 2014–2020 in six European

economies. Centre for Economics and Business Research.



[26]         Saez, M., & Barceló, M. A. (2012). Coste de la hipertensión

arterial en España. Hipertensión y riesgo vascular, 29(4), 145-151.

[27]         Bard, D. M., Joseph, J. I., & van Helmond, N. (2019). Cuff-less

methods for blood pressure telemonitoring.  Frontiers in

cardiovascular medicine, 6.

[28]     https://en.wikipedia.org/wiki/Sphygmomanometer

[29]     Ogedegbe, G., & Pickering, T. (2010). Principles and techniques

of blood pressure measurement. Cardiology clinics, 28(4), 571-586.

[30]     Picone, D. S., Schultz, M. G., Otahal, P., Aakhus, S., Al-Jumaily, A.

M., Black, J. A., ... & Cremer, A. (2017). Accuracy of cuff-measured blood

pressure: systematic reviews and meta-analyses.  Journal of the

American College of Cardiology, 70(5), 572-586.

[31]         https://www.grandviewresearch.com/industry-analysis/blood-

pressure-monitoring-devices-market

[32]       Picone, D. S., Schultz, M. G., Otahal, P., Aakhus, S., Al-Jumaily,

A. M., Black, J. A., ... & Cremer, A. (2017). Accuracy of cuff-measured

blood pressure: systematic reviews and meta-analyses. Journal of the

American College of Cardiology, 70(5), 572-586.

[33]      Lozano, O. M., & Climent, J. C. M. VASCULAR PERIFÉRICA.

[34]      http://www.lasertraining.org/

[35]     Nouri, K. (Ed.). (2018). Lasers in

dermatology and medicine: dermatologic applications. Springer.

[36]     www.lasertraining.org.


