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Abstract (English) 
A global mapping of early stage medical technology companies active in the neurology field 
has been implemented. The companies have emerging products and have undergone an 
evaluation by clinicians concerning the ability to provide clinical value for Swedish health 
care. The evaluation process has been executed by discussion with neurologists and 
neurosurgeons in combination with a literature survey. To limit the evaluation process, areas 
of stroke, traumatic brain injury, Parkinson’s disease, multiple sclerosis and epilepsy were 
chosen.  
 
Some companies turn up to develop more requested products than others. Medfield 
Diagnostics AB, with their microwave screening product could in the future address the need 
for fast, accurate and accessible diagnosis of stroke and head trauma. The NBS system from 
Nexstim Ltd. has potential to provide clinical value by the ability of the products TMS 
technology to navigate in the brain. Elminda Ltd.’s product built of an evidence based 
rehabilitation platform could enhance recovery of patients with neurological disorders on an 
individual basis. BrainsGate Ltd.’s product which delivers drugs over the blood brain barrier 
provides totally new treatment options and NeuroSonix Ltd.’s ultrasound based product could 
assist the surgeon and decrease damageable embolic debris. Neurolife non-invasive solutions 
Inc.’s innovative device, which non-invasively measured the intracranial pressure, would be a 
totally new way to monitor patients.  
A symposium was organized and three top ranked companies with stroke care products were 
invited to present their technology for Swedish clinicians in Stockholm. Participating 
companies were Nexstim Ltd., Elminda Ltd. and Medfield Diagnostics AB, who were all well 
received and considered to have interesting technologies with ability to provide clinical value. 

 
Abstract (Svenska) 

En global kartläggning av innovativa medicintekniska företag inom det neurologiska området 
har implementerats. Företagen befinner sig i ett tidigt skedde med produkter under utveckling, 
vilka har utvärderats av läkare med avseende på klinisk nytta för svensk sjukvård. 
Utvärderingsprocessen har utförts genom diskussion med neurologer och neurokirurger i 
kombination med en litteraturundersökning, och begränsades genom att belysa områdena 
stroke, skallskador, Parkinsons sjukdom, multipel skleros och epilepsi. 
 
Vissa företag visade sig utveckla efterfrågade produkter till större del än andra. Medfield 
Diagnostics AB med sin screeningsprodukt, baserad på mikrovågsteknik, kan förhoppningsvis 
i framtiden tillgodose behovet av snabb, exakt och tillgänglig diagnos av stroke och 
skallskada. NBS-systemet från Nexstim Ltd. har potential att bidra klinisk med hjälp av 
produktens TMS-teknologi, som utför hjärnnavigering. Elminda Ltd.’s produkt, uppbyggd av 
en evidensbaserad rehabiliteringsplattform har möjlighet att bidra till patienters individuella 
tillfrisknande efter hjärnskada. BrainsGate Ltd.’s produktkoncept, att leverera läkemedel över 
blod-hjärnbarriären tillhandahåller helt nya behandlingsmöjligheter och NeuroSonix Ltd.’s 
ultraljudbaserade produkt kan assistera kirurgen och minska skadliga emboliska fragment. 
Neurolife non-invasive solutions Inc.’s innovativa produkt, vilken icke invasivt mäter det 
intrakraniella trycket skulle bidra med ett helt nytt sätt att övervaka patienter. 
Ett symposium organiserades med tre topprankade företag med applikationer inom stroke. 
Deltagande företag Elminda Ltd., Nexstim Ltd. och Medfield Diagnostics AB, presenterade 
sina teknologier för kliniker i Stockholm, och deras produkter ansågs efter utvärdering kunna 
bidra med klinisk nytta. 
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Abbreviations 
 

AVMs                  Arteriovenous malformations 
BBB                     Blood-brain barrier 
CE                        Conformité Européenne 
CNS                     Central nervous system 
CSF                      Cerebrospinal fluid 

          CT                        Computer tomography 
          CVA                     Cerebrovascular accident 

DBS                     Deep brain stimulation 
DD                       Degenerative disease 
DDD                    Degenerative disc disease 
DVT                     Deep vein thrombosis 
EEG                     Electroencephalogram 
EMG                    Electromyography 
FDA                     Food and drug administration 
fMRI                    Functional magnetic resonance imaging 
IgG                       Immunoglobulin G 
IVD                      In vitro diagnostics          
KI                         Karolinska Institute   

          KUH                    Karolinska University Hospital 
MedTech             Medical technology 
MIS                      Minimally intensive surgery 
MRI                      Magnetic resonance imaging 
MRT                    Magnetic resonance tomography 
PD                        Parkinson’s disease 
PET                      Positron emission tomography 
PNS                      Peripheral nervous system 
SPECT                 Single photon emission computed tomography 
TBI                       Traumatic brain injury 
UHL                     University Hospital in Linkoping  
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1 Introduction 
The introduction will provide a representation of the report's background, purpose, 
limitations, target group and disposition in order to give a picture of the content of the report. 

1.1 Background 

The medical technology (MedTech) industry is highly innovative and is characterized by a 
vital and rapid development of new technology. The need for innovative solutions that affect 
the clinical outcome is especially large in the field of neurology. Diseases and disorders of the 
central nervous system account for more hospitalization, more long-term care and more 
chronic suffering than nearly all other medical disorders combined. Neurological diseases and 
disorders also represent the largest and fastest growing area of unsatisfied medical need, with 
more than 1.5 billion people worldwide affected. Central nervous system conditions generate 
more in total direct healthcare-related and indirect costs, such as lost income, than any other 
therapeutic area. (1), (2) 
 
Many innovations that seem to have high potential do not reach the market due to the lack of 
clinical acceptance. The need for understanding the clinical aspects in the business strategy is 
crucial. (2) 

1.1.1 Assigner 

Synergus AB is a consulting company in the MedTech industry, with 11 employees. The 
headquarter is located in Täby, outside Stockholm with a local office in Lund and Öresund. 
They offer services in regulatory, quality and business development. (3) 
 
In the business development the main focus is to help early stage companies in the 
development of their business strategies. One part of the business development is the clinical 
value projects. The projects provide an update of new innovations. Projects have already been 
carried out in the cardiovascular, gastroenterological and urological field. (3) 

1.2 Purpose 

The purpose of this master thesis is to identify innovative MedTech companies within the 
neurology field and to evaluate their technologies regarding clinical value. This will be 
implemented by three steps; identification, evaluation and verification of the company’s 
products. 
 
The identification was carried out by global research and direct contact with cluster 
organizations, venture capitalists and innovative companies. The evaluation will be fulfilled 
by a literature study and interviews with physicians and other experts in the neurological field. 
 
One of the aims with the project was to organize a symposium at the Karolinska University 
Hospital (KUH) where selected companies were to present their technologies, be evaluated by 
physicians and get in contact with venture capitalists. The questionnaires filled out by the 
participating physicians contributed to a verification of the validity and reliability of the 
presented products clinical values. 
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1.2.1 Question formulation 

What early stage MedTech companies within neurology have emerging products that have 
potential to provide clinical value for Swedish clinicians?  

1.3 Limitations 

The identified companies should be in an early stage and therefore only have one or few 
products under development or on the market. The chosen technology from the companies 
should be in the early market phase. Therefore many products will be in clinical trials, waiting 
for FDA/CE clearance or recently introduced to be distributed on the market. Other 
limitations are that the product application should not be established on the Swedish market 
and the companies should have no cooperation with other big MedTech companies such as 
Medtronic, Johnson and Johnson or St. Jude’s Medical. 
 
It is also important that the technology is innovative and not in the category “me-too” 
products. To be able to develop an innovative product the early stage companies are 
dependent on venture capital, and in the majority of cases the identified companies are 
financed by venture capitalists (VC's). 

1.4 Target group 

The target group for this report is clinicians within the field of neurology, but also venture 
capitalists and workers in the MedTech industry that can make use of innovative information.  

1.5 Disposition 

A presentation of the report structure with a brief explanation is included in this chapter. 
 
Introduction 
This chapter describes the background, purpose, limitations and target group. 
 
Method 
The procedure of the research is explained. Further how identification, evaluation and 
verification have been realized. 
 
State of the art and challenges 
The background of the neurological MedTech industry is presented and the clinical value 
concept is discussed. A brief introduction to neurology and some important technologies 
within the field of neurological medicine are further discussed.  
 
Evaluation of innovations 
This chapter consists of a summary of five interviews with physicians and an overview of the 
areas of stroke, traumatic brain injury, Parkinson’s disease, multiple sclerosis and epilepsy. 
The central point discussed is what would provide clinical value. 
 
Analysis 
In this chapter an analysis of the evaluation of innovations and the symposium is 
implemented.  
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Discussion 
In the discussion reflections are made on the evaluation of innovations, the theory and the 
outcome of the analysis. Which areas are in need of new technology together with 
methodology criticism is discussed. 
 
Conclusion 
In chapter 7 the conclusions from the analysis and discussion are summarized.
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2 Method 
The chapter includes a description of the methods that have been implemented to fulfill the 
purpose. 

2.1 Methodology 

How theory and empirism relate to each other is a central question formulation during 
scientific work. There are two fundamental main approaches to relate theory and empirism, 
the inductive and deductive method. The inductive method works on the assumption that from 
empiric studies universal and theoretical conclusions can be drawn. The deductive method has 
its starting point from known theory and tries to ratiocinate about particular phenomena. (4) 
An inductive approach has been used for the main part in this master thesis. 
 
Within methodology a distinction between quantitative and qualitative methods is made. 
Scientific work with quantitative methods intends to focus on such science where collection 
of data emphasizes soft data. Soft data can be qualitative interviews and interpretative 
analyses. The qualitative method uses scientific research from measurements of data, where 
after it is analyzed with statistical methods. (5) 
 
In this master thesis a combination of the two has been used. Qualitative methods have been 
used continuously during the work period especially under the introductory phase, when a 
literature study was done. Quantitative methods have been used when processing and 
analyzing collected information from interviews, conferences and the questionnaires.  
 
A good executed interview should transfer objective information from a respondent to an 
interviewer. To execute interviews correctly, requirements of high validity and reliability are 
needed. Validity means that the measurement probes what is supposed to be measured. 
Reliability specifies to what extent the measurements are not influenced by an accident.  High 
reliability is therefore characterized by stable measurements, or in this particular case data 
which conveys the same information continuously throughout the whole study. (6) 
 
To guarantee high validity and reliability a predetermined and structured interview plan and 
questionnaire is needed with standardized questions which have been reviewed by impartial 
parties. (6) 

2.2 Description of execution 

The work started with a review with my supervisor at the company. The purpose and 
necessary limitations was examined. The working process started with a literature study, 
followed by a research period to identify and map companies of interest. When over 150 
companies were identified, evaluation was done by interviews with physicians.  
 
To accurately verify the validity and reliability of the evaluation a symposium was organized 
where three selected companies presented their technologies to physicians and venture 
capitalists. At the end of the symposium the physicians filled out a questionnaire about the 
presenting company’s ability to provide emerging technologies with clinical value.  
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2.3 Literature study 

To reach the overall goals, the project started with a literature study about the topic, by 
reading articles in scientific journals and from databases. The aim was to get a comprehensive 
picture of the neurological MedTech industry of today and learn about neurological diseases. 
Further a process was sought to evaluate innovative medical devices on the basis of clinical 
value. 
 
Erik J. Baas, talent scout at Medtronic held a lecture on September 4th, at Karolinska 
University Hospital, Stockholm, about start-up MedTech company´s successfulness. I 
attended the lecture and collected important information by meeting with professionals and 
discussing the latest developments within the field. 

2.4 Identification 

In order to identify innovative MedTech companies, unique mapping was implemented and a 
mind map was created to get an overview of the different areas (appendix I). The mind map 
was created in the software FreeMind. 
 
The mapping was implemented by Internet research and direct contact with different 
chambers of commerce, embassies, scientific organizations, venture capitalists, the Food and 
Drug Administration (FDA), the patent office and associations in the medical technology 
field. In this process Synergus customer relationship management (CRM) database was used 
together with other public databases and networks. A list over all identified companies can be 
seen in appendix V. 
 
I attended the MedTech investment day on December 4th 2008, at Kista Science Tower, 
Stockholm to collect information about innovative companies and the industry. Meetings with 
Swedish early stage companies, venture capitalist and other professionals in the business were 
arranged.  

2.5 Evaluation 

The evaluation was carried out after the identification was completed. In collaboration with 
neurologists and employees at Synergus, the identified companies were evaluated from a 
perspective where the clinical value for the Swedish market was requested. 
 
The appropriate statistics were analyzed to understand the relevance of the company’s value 
proposition. The companies were asked to provide an argument for how they best can provide 
clinical value.  
 
In order to get an overall picture my thought was to do a survey investigation. Very soon after 
I started the evaluation and had met with some clinicians, I understood however, that the field 
of neurology was too broad for any neurologist to manage to provide answers for the whole 
area. 
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2.5.1 Interviews 

To evaluate the innovative companies from the mapping procedure, five direct contact 
interviews were implemented. The interviewees were selected by internet research to find 
specialists in some of the largest areas in neurology. A letter of enquiry was sent to selected 
clinicians in areas of trauma/stroke, multiple sclerosis, Parkinson’s disease and epilepsy. 
These areas were well-grounded because of the clinical need of innovations in each of them. 
The interviewees are listed in Table 1. All the physicians worked at Karolinska University 
Hospital and the interviews were performed at a given dates year 2008. 
 
Table 1. Interviewees 
Name Title Field of expertise Interview date 

Hans von Holst Surgeon general Traumatic brain injury November 3th 
Anna Fogdell-Hahn Senior lecturer Multiple sclerosis November 11th 
Olof von Sydow Chief physician Degenerative diseases November 17th 
Sven Pålhagen Chief physician Parkinson’s disease November 24th 
Torbjörn Tomson Chief physician Epilepsy December 1st 

 
The interviews were designed as partly structured to collect as much information as possible 
and lasted for about one hour with each physician. The conversations were sound recorded 
and analyzed and summarized afterwards. Predetermined and structured interview plans were 
used with standardized questions which had been reviewed by impartial parties from 
Synergus. The interview questions can be seen in appendix II.  
 
The main agenda during the interviews were to discuss the following questions in each field 
of specialization.  
 

• What are the clinical problems of today? 
• Which current technologies are used and what are their limitations? 
• What would provide clinical value? 
• Which of the identified companies have a technology that would provide clinical 

value? 
 
To present the identified companies to physicians a power-point presentation was made. The 
power-point presentation was composed with reference to the 80 highest ranked companies. 
My assumption on the ability to provide clinical value was based on the literature study and 
discussion with my supervisor and the CEO of Synergus, Mattias Kyhlstedt, together with the 
information from the lecture with Erik J. Baas, talent scout at Medtronic. 

2.6 Verification of validity and reliability 

After executed evaluation, the companies and their products were ranked according to 
potential to provide clinical value by the summaries from the interviews. To adequately verify 
the validity and reliability of the three top ranked companies a symposium was organized with 
attending physicians. 
 
The physicians participating in the symposium were asked to evaluate the presenting 
company’s technologies with respect to clinical value, by filling out a questionnaire. The 
results can be seen in chapter 5.2. The questionnaire can be seen in appendix IV. 
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3 State of the art and challenges 
This chapter gives a background to the neurological field and the MedTech industry. Some 
general characteristics about the market and criteria to what would provide clinical value for 
products within the neurological MedTech industry are suggested. 

3.1 The neurological MedTech market 

The situation today shows that diseases and disorders of the central nervous system account 
for more hospitalizations, more long-term care and more chronic suffering than nearly all 
other disorders combined. Nervous system disorders also represent the largest and fastest 
growing area of unsatisfied medical need, with more than 1.5 billion people worldwide 
affected. Estimations point to that neurological conditions generate more in total direct 
healthcare related and indirect costs, such as lost income, than any other therapeutic area. 
Back problems make up the largest cause of lost productivity and worker compensation 
claims in industrialized countries. (1), (7) 

Epidemiological methods take into account only mortality and not disability rates. This can 
create an incorrect impression and underestimation of the effect of a disease. The Global 
Burden of Disease report from the World Health Organization specifically showed that while 
the mental and neurological disorders are responsible for about one per cent of deaths, they 
account for almost 11 per cent of disease burden all over the world. The proportionate share 
of the total global burden of disease due to neuropsychiatric disorders is projected to rise to 
14.7% by 2020. (1) 

Half a million people in Sweden suffer from neurological disorders. The affliction of 
neurological disorders costs the Swedish society 35 per cent of the total healthcare budget. 
CNS disorders cost a lot more than heart diseases, cancer and diabetes every year in Sweden 
(7). Today there are 32 neurologists per million citizens in Sweden. The recommendations 
from the EU are over 60 neurologists per million to be able to fulfill the market demand. In 
case of illness like stroke the clinicians are more often internal medicine physicians, instead of 
neurologists. The Swedish neurologist association, NRF sees this shortage as a big problem 
that has to be solved as soon as possible so proper treatments and diagnosis can be executed 
on a larger scale. (8) 

During the last few decades the development of knowledge within neuroscience has evolved 
from a diagnostic discipline to a more therapeutic specialty. Fast intervention during 
neurological diseases such as stroke and MS is crucial to inhibit the damage mechanisms to 
get the best possible outcome. New effective treatments for epilepsy and Parkinson’s disease 
have during the last years been a result of research within the field of neuroscience. New ways 
to attack these diseases have in greater extension then earlier given a better outcome and 
higher quality of life for patients. (9) 

Medical devices are based on technologies such as electronics, biomaterials, mechanical 
engineering, software, diagnostic imaging and optics. Definition of medical devices according 
to the Council of the European community’s is: 

“Any instrument, apparatus, appliance, material or other article, whether used alone or in 

combination, including the software necessary for the proper application, intended by the 

manufacturer to be used for human beings for the purpose of :  
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• diagnosis, prevention, monitoring, treatment or alleviation of a disease, an injury or a 

handicap  

• investigation, replacement or modification of the anatomy or of a physiological 
process  

• control of conception 

and which does not achieve its principal intended action in or on the human body by 

pharmacological, immunological or metabolic means, but which may be assisted by such 

means.” (Directive 93/42/EEC) 

3.1.1 The Clinical Value concept 

It is easy to understand the potential for success in a company with proven sales. For 
companies that have not yet started or have very limited sales the evaluation of the potential is 
more difficult. In today’s health care, with the increased requirements on health economical 
arguments and clinical evidence the journey to a profitable business gets increasingly more 
expensive. (10) 
 
To develop products with clinical value it is necessary to fulfill criteria that are produced by 
leading organizations. KBV Innovation is the German National Association of Statutory 
Health Insurance Physicians. They offer consultancy services for development of new 
medical technologies with regard to clinical value. The following five criteria are very 
important to them: 
 

• Has the intended use of the innovation a clear definition? 
• How many patients are affected? 
• What data are available to prove efficacy and safety? 
• What alternatives are available? 
• What health economics data is available? 

 
The Swedish Council on Technology Assessment in Health Care is known internationally by 
its Swedish acronym, SBU. For more than fifteen years, SBU has stayed on the leading edge 
of health technology assessment. SBU has been instrumental in promoting scientific 
assessment in Sweden and abroad. Scientific assessment in health care aims to identify 
interventions that offer the greatest benefits for patients while utilizing resources in the most 
efficient way. (2)   
 
Health services do not always use the best available methods. Many routine methods of 
diagnosis and treatment are, in fact, obsolete and ineffective. Some methods are widely used, 
even though their benefits, risks, and costs have never been critically evaluated. At the same 
time, there are methods that should be used on a much broader scale, methods shown by 
scientific assessment to be both beneficial and cost effective. To properly evaluate new 
technologies some of the most important criteria that SBU take into count are: (2) 

•   Clinical results – quality of life 
•   Evidence based clinical studies   
•   Economic aspects 
•   Health economic related aspects 
•   Effectiveness through time and cost perceptive 
•   Easy to use and user-friendly technique 
•   Size of the target group 
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Leif Wård, speaker from Maquet who develops intensive care equipment, made a presentation 
at the MedTech conference on September 26th 2006 in Stockholm. Their core business within 
external respiratory equipment makes them one of the biggest developers in the field in the 
world. They have the following criteria in mind when developing a new product: 
 

• No product on the market that the market does not ask for 
• No technology shortcut, new technology direction towards software based platform 
• Minimize hardware solutions and maximize software solutions 
• One hardware platform, differentiation through software 
• Simplified maintenance   
• Improved user interface 

 
A lecture was held by Eric J. Baas, a talent scout from Medtronic September 4th 2008. He 
ranked the following brain related areas with especially large potential for the future years:   
 

• Fluid dynamics (hydrocephalus1) 
• Drug influsion 
• Brain stimulation 

 

Peter Selley, CEO of Astra Tech, speaker at MedTech Investment day December 4th, 2008 in 
Stockholm, summarized the following key factors to enable start-up companies to reach 
commercialization: 

• Relevant knowledge and competence 
• Strong cash flow within the company 
• Evidence based knowledge and studies 
• Think in long-term perspective  

3.2 The nervous system 

Neurological disorders inflict the central nervous system and the peripheral nervous system. 
The central nervous system (CNS) consists of the brain, the spinal cord and the peripheral 
nervous system (PNS) of peripheral nerves including cranial nerves. (11) 
 
The protection of the brain consists of the cranium and membrane, where it is suspended in 
cerebrospinal fluid (CSF). It is generously provided with blood but secured against harmful 
substances and bacteria by the blood-brain barrier (BBB) (12). The main diseases of the brain 
have their origin in lack of circulating oxygen, tumors and gradual loss of nerve cells. 
Development disorders, metabolic disturbance, infections and mechanical damages following 
trauma are further very common. There is no known distinct change in the structure of the 
brain in mental diseases like depression, mania and schizophrenia and therefore many of them 
are still mysteries to the scientists. (13) 
 
 
 
 
 
 
                                                 
1 Water on the brain 
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3.3 Frequently used technologies 

Neurology is a medical specialty dealing with disorders of the nervous system. It deals with 
the diagnosis and treatment of all categories of diseases involving the central and peripheral 
nervous systems, including their coverings, blood vessels, and all effected tissue, such as 
muscle. Neurophysiology is a discipline in which the nervous system is studied. Tools often 
used are EEG, EMG and other technologies from the electro physiology field. (12) 
 
Neuroradiology is the medical specialty directing medical imaging technologies towards 
diagnosis and treatment of diseases in the nervous system. Modern radiological imaging is no 
longer limited to the use of x-rays. Today it includes technology-intensive imaging with high 
frequency sound waves, magnetic fields, and radioactivity. Primary imaging instruments 
include computed tomography (CT) and magnetic resonance imaging (MRI). (12) 

3.3.1 Electroencephalography   

To obtain an electroencephalogram (EEG) a graphic registration of the electrical activity 
generated by the brain is recorded. Electrodes are placed on the scalp and voltages ten times 
smaller than that from the heart are measured. This makes the EEG very sensitive to 
interference from muscle activity in the scalp or from electronic equipment in the vicinity. For 
all the sophistication of modern recording equipment and computerized analysis of the 
records, it has to be accepted that the EEG remains a relatively crude measure of brain 
activity, although it enables recognition of the different phases of normal sleep and is of 
diagnostic value in some abnormal conditions. (14), (15)  

3.3.2 Electromyography 

Electromyography (EMG) implies electrical recording of muscle activity that aids in the 
diagnosis of neuromuscular diseases. The peripheral motor and sensor system is investigated. 
EMG is most often performed to help diagnose different diseases causing weakness. Although 
EMG is a test of the motor system, it helps identifying abnormalities of nerves or spinal nerve 
roots that may be associated with pain or numbness. During an EMG test, a fine needle is 
inserted into the muscle to be tested. Recordings are made while the muscle is at rest, and then 
during contraction. EMG can help determine whether symptoms are due to a muscle disease 
or a neurological disorder and when combined with clinical findings, usually allow a 
confident diagnosis. (16) 

3.3.3 Computerized tomography 

There are many reasons why computerized tomography (CT) is widely used in modern 
medicine. It is one of the most accurate, fastest and cost-efficient techniques. CT generates 
pictures showing human body organs in cross section by first electronically detecting the 
variation in x-ray transmission through the body section at different angles. The information 
is then used in a digital computer to reconstruct the x-ray absorption of the tissues at an array 
of points representing the cross section. (12) 
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3.3.4 Magnetic resonance imaging 

Magnetic resonance imaging (MRI) is the newest, and perhaps most versatile, medical 
imaging technology available. Doctors can get highly refined images of the body's interior, 
using MRI. By using strong magnets and pulses of radio waves to manipulate the natural 
magnetic properties in the body, this technique produces better images of organs and soft 
tissues than those of other scanning technologies. MRI is particularly useful for imaging the 
brain and spine, as well as the soft tissues of joints and the interior structure of bones. The 
entire body is visible to the technique, which poses few known health risks. A single MRI 
exposure produces a two-dimensional image of a slice through the entire target area. A series 
of these image slices makes a virtual three-dimensional view of the area, called stereotactic 
MRI. (12) 

3.3.5 Transcranial direct current stimulation 

Transcranial direct current stimulation (tDCS) implies passive injection of small amounts of 
DC currents that depolarize and hyperpolarize cortical pyramidal cells under the stimulation 
electrode. Neurological feedback implies active involvement of the subject in voluntarily 
changing the EEG parameters recorded from a given electrode.  Recent studies have shown 
that the combination of these two techniques might be the best way of activating the brain. 
tDCS and neurological feedback provide elect physiologically based tools for activation or 
suppression of cortical neuronal networks. (17) 

3.3.6 Transcranial magnetic stimulation 

Transcranial magnetic stimulation (TMS) involves sending tightly focused magnetic pulses 
into the brain in order to stimulate brain circuits without surgery. In this way neurons become 
excited and brain activity can be triggered with minimal discomfort and the functionality of 
the connectivity of the brain studied. Research is currently focusing on the use of TMS as a 
means of improving stroke-related language impairments such as non fluent aphasia and 
different types of movement disability such as Parkinson’s disease. (18) 
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4 Evaluation of innovations 
Chapter 4 investigates the clinical problem, current technologies and what would provide 
clinical value to some of the most common neurological disorders. The disorders chosen are 
stroke, traumatic brain injury, Parkinson’s disease, multiple sclerosis and epilepsy. Identified 
products that respond to described criteria are then suggested. The companies and their 
products are described in brief summary. This evaluation is executed by interview summaries 
with physicians and literature references. Interview setup can is described in chapter 2.5.1. 

4.1 Stroke 

The following information is partly explored by a literature survey and partly by summarized 
interview with Dr Hans von Holst, Neuro Surgeon General and Professor at Karolinska 
University Hospital, November 3rd 2008. 

4.1.1 Clinical problem 

The most common acquired brain disorder is stroke, which is the umbrella term for 
thrombosis in the brain and cerebral hemorrhage. A stroke can be classified as ischemic or 
hemorrhagic stroke. An ischemic stroke occurs when a blood vessel carrying blood to the 
brain is blocked by blood clots or by gradual build-up of plaque. Ischemic stroke accounts for 
over 80% of all strokes. (19) 

Hemorrhagic stroke happens when a blood vessel carrying blood to the brain bursts. The two 
most common forms of weakened blood vessels responsible for hemorrhagic stroke are brain 
aneurysms and arteriovenous malformations (AVMs). An aneurysm is a ballooning of a 
weakened vessel that if left untreated can rupture and bleed into the brain. An AVMs is a 
cluster of abnormally formed blood vessels. If left untreated, any one of the abnormally 
formed blood vessels can rupture and bleed into the surrounding brain. (20) 

In industrialized countries, three out of 1,000 people are affected by a cerebrovascular 
accident (CVA), also known as stroke. This makes it one of the most common causes of long-
term disability in the western world, which means that there are millions of people who have 
to live with the consequences of a stroke. (20) 

Annually about 35,000 people in Sweden are afflicted by a stroke and the cost for the Swedish 
society is about 15 billion SEK. Stroke is the third most common cause of death after heart 
attack and cancer in the western world and the first cause of adult disability. If the incidence 
rate stays at this level the share of stroke patients will increase in the same way as the 
population grows. (9) 

4.1.2 Current technologies 

In the large population of stroke survivors, approximately half of those survivors suffer from 
hand or arm motor impairment. Current chronic treatment options for stroke patients with 
upper limb motor impairment is extremely limited, with the standard of care generally 
consisting of physical rehabilitation and muscle stimulation. Other emerging therapies include 
peripheral nerve stimulation, transcutaneous magnetic stimulation and direct cortical 
stimulation. (9) 
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Many of these new therapies are based on the principle of neural plasticity, whereby existing 
neural pathways surrounding the injured brain tissue are recruited to perform the same 
functional tasks lost due to the stroke. A fundamental challenge is to find out how this 
plasticity functions in the brain. The latest development in neuroradiology has given rise to 
the possibility of imaging the acute ischemic process and through better knowledge the 
underlying causes of the stroke event. (9), (21)  
 
Today the most efficient therapy for ischemic stroke is intravenous thrombolytic therapy, 
which removes blood clots from vascular placements. The time is crucial for stroke patients, 
because after only some hours the damage can be fatal.  Therefore healthcare within “the 
golden hour” has been a conception to achieve. Of the 28,000 persons that are afflicted by 
ischemic stroke every year in Sweden, only a small percentage is treated by thrombolysis. The 
reason is that the treatment with today's guidelines should be done within three hours after the 
ischemia, or it can be dangerous to use because of the risk of increased bleeding. (9) 

Hemorrhagic stroke is today treated by surgery which enables the burst blood vessel to be 
reached. Surgery by opening the cranium or through the mouth, however, involves big risks 
for the patient. The development potential is therefore large for new minimal invasive surgery 
(MIS) methods and various types of neuroradiology. Stents are used by neuroradiologists to 
repair vessels and as a prevention to minimize new bleeding. (20) 

It is proven that stroke patients that receive organized health care in stroke units have a 
superior possibility to survive and be rehabilitated to a level where they can be more self 
sufficient than patients that are submitted to general intern medical departments. The new 
concept is therefore implemented and growing in Swedish hospitals. (9) 

4.1.3 What would provide clinical value? 

Many of the innovations that would provide clinical value to stroke patients would also be 
beneficial for traumatic brain injury patients when bleeding and swelling occurs. Have this in 
mind when reading this chapter. 
 
Fast intervention when a stroke emerges can be lifesaving. Treatment within “the golden 
hour” is important to stroke victims and the right rehabilitation is crucial to optimize the 
patient’s outcome. The future of stroke treatment is likely to be in the rehabilitation process. 
When patients arrive at hospital with a stroke the damage has already had a negative effect. 
To gain brain activity and mobility, rehabilitation options are very important after the 
intensive care treatment. The development of rehabilitation methods goes towards the use of 
interactive media and mobility recovering devices. (22) 
 
Because of the complexity and sensitivity of the nervous system less invasive procedures or 
even non-invasive procedures are requested. The concept of minimal invasive surgery (MIS) 
has grown over the last few decades. MIS operations are often endovascular and executed by 
inserting a catheter into veins. Navigation in veins can be implemented by the C-arm2 or real 
time MRI/CT (12). There is a clinical need to improve real time imaging devices that are 
accurate and reliable but also are fast and cost-efficient. (22) 
 
 
 
                                                 
2 X-ray image intensifier 
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To do MIS-operations in the brain skills in neuroradiology and knowledge about the anatomy 
are needed. A physician would need to have this type of knowledge in the future to be 
competitive when the development of instruments within MedTech goes towards more 
endovascular treatment methods. (22) 
 
A hot future area is the development of stereotactic MRI and CT together with other types of 
3-dimensional imaging. MRI is one of the most versatile instruments today, but because of the 
magnetic field that occurs during examination, patients with iron implants cannot be scanned. 
In some cases titanium as implant material cannot be used and instead iron implants have 
been inserted into patients. An MRI compatible implant would therefore provide clinical 
value. Today’s science tries to find new solutions by developing new polymers that can be 
used as coatings on implants or implants totally constructed of polymers. Hans von Holst says 
that currently used stents satisfy the need, but new innovative coatings for stents and other 
purposes would be a good additional contribution. (12), (22) 
 
A user-friendly technique, that is easy to learn and easy to use, is not the most important 
factor when choosing new medical devices to hospitals. But it is proven that if an instrument 
has more than three parameters that have to be analyzed at the same time to make the 
decision, the frequency of right decisions will decrease. (23)  
 
Today intracranial pressure is monitored by a pressure monitor placed intracranially, by use of 
CT, MRI or by clinical parameters. An intracranial pressure device is accurate but has the 
disadvantage that it needs to be inserted by a neurosurgeon. After the critical period the 
neurosurgeon needs to remove the device. This procedure consumes resources, has high costs 
and increases the risk of infections. CT and MRI scans are expensive and PET3 and SPECT4 
scans even more expensive and not so cost-efficient. Monitoring intracranial pressure by 
clinical parameters can be very risky because the symptoms start to show when the damage is 
already under development. Therefore a non-invasive, accurate and cost-effective brain 
pressure monitor would provide high clinical value. (24) 
 
In health care today people with headaches too often have to wait hours before receiving care 
at emergency wards. The resources are limited and the patients with visualized acute injuries 
are generally prioritized. Because of the importance of quick care of stroke patients a 
diagnostic device that would be mobile and easy to use, even for a nurse who is not 
specialized in neuroscience would provide clinical value. Such a device would enable fast, 
accessible diagnosis of stroke patients and save important time to recover. (25) 
 
Scientific research has shown that therapeutic hypothermia treatments before and during the 
intensive care reduce damages on the brain and have proven a better outcome after 
rehabilitation. This can only be applied on ischemic patients due to hypothermia improves 
bleeding. (22) 
 
The physician, Hans von Holst mentions that proven evidence based products with clearance 
from at least the CE, FDA or ISO is necessary. An advantage is if the product has been tried 
out in other hospitals for a period and has shown good results. Significant proven outcome for 
the whole target group is also important so the product is cost-efficient. Holst ends with 
saying that it is hard to get away from the economic aspects in today’s climate on the market. 
(22) 
                                                 
3 Positron emission tomography 
4 Single photon emission computed tomography 
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4.1.4 Presentation of innovative products 

An overview of identified companies with application in the field of stroke can be seen in 
Figure 1, Figure 4 and Figure 8. 
 

 
Figure 1. Identified companies with products to diagnose stroke 

Table 2 shows a summary of selected companies after the evaluation with stroke diagnostic 
products. 
 
Table 2. Overview: Companies with innovations to diagnose stroke 
Company Product FDA/CE Pre-marketing Webpage 

Cephalogics DOT technology  Phase I* www.cephalogics.com 
InfraScan NIR-detector, hematoma FDA  www.infrascanner.com 
Magstim TMS and tDCS applications FDA/CE  www.magstim.com 
Medfield Diagnostics Microwave therapy  Phase II* www.medfielddiagnostics.com 
Neurolife Non-invasive pressure m.  Phase II* - 
Nexstim NBS system CE  www.nexstim.com 
Thornhill Research Cerebrovascular reactivity  Phase III* www.thornhillresearch.com 

*All companies in pre-marketing are in clinical trials or pending for market clearance 
 
Cephalogics LLC 
A US company that is in early stage of development, but has an interesting concept called the 
DOT system. Diffuse optical tomography (DOT) is a new imaging system with improved 
performance characteristics that permits use of high-density, diffuse optical imaging arrays 
for functional hemodynamic imaging. Functional imaging enables centers in the brain to be 
visualized directly. The technology will gain in terms of cost and ease of use over current 
technologies which are large, room-sized scanners as PET and MRI.  
 
InfraScan Inc. 
The InfraScanner™ detects brain hematoma by a hand-held, non-invasive, near-infrared 
(NIR) based mobile imaging device. This way the device aids the decision to proceed with 
other tests such as head computed tomography (CT) scans. The identification of intracranial 
hematomas is implanted by the unique light-absorbing properties of hemoglobin. When 
additional underlying extra vascular blood is present due to internal bleeding, there is a 
greater local concentration of hemoglobin.  
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Magstim Company Ltd. 
The British Magstim Company has developed a set of magnetic and direct current stimulation 
products which are non-invasive and painless. The concept is to excite neurons using strong, 
time varying magnetic fields and direct current, generated by a stimulating coil and held close 
to the intended site of stimulation. The magnetic stimulators are widely compatible and can be 
used in conjunction with equipment such as MRI, fMRI5, EMG, EEG, and TMS Navigation 
in order to elicit record and monitor brain activity. 
 
Medfield Diagnostics AB 
The company’s microwave tomography technology can differentiate between ischemic and 
hemorrhagic stroke in the acute stroke treatment, with other applications such as tumor 
screening. The technique is built on the fact that microwaves sense dielectric properties and 
provides high contrast for biological matter with different water content, thus enabling clearer 
diagnosis of for example blood in brain tissue or tumors. Microwave instruments (Figure 2) 
can be more compact and thus used earlier in the healthcare chain, in emergency rooms and in 
ambulances. The product is in many ways a competitor to the InfraScanner™. 
 

      
Figure 2. To the left; Medfield Diagnostics system, To the right; Technology concept 

Reference: www.medfielddiagnostics.com 
 
Neurolife non-invasive solutions Inc. 
An American innovation that if cleared by FDA/CE impacts the monitoring of intracranial 
pressure. It offers a faster, safer and easier way to noninvasively measure intracranial pressure 
(ICP) through the patient’s eye. The product, iSCAN’s measurement of the eye’s blood 
supply uses a technique similar to that used by eye doctors to measure the blood pressure of 
the eye by pressing gently against the eye until the retinal artery collapses temporarily. 
Because of the close relationship between the eye and the brain, small changes in the eye’s 
blood supply often correlate with brain pressure.  
 
Nexstim Ltd. 
Nexstim, a company from Finland has developed the Navigated Brain Stimulation (NBS) 
system (Figure 3) to enable non-invasive, accurate and detailed mapping of the cerebral 
cortex. NBS uses stereotactic MRI-guided transcranial magnetic stimulation (TMS) with 
integrated EMG monitoring. The system avoids the uncertainty of indirect methods, like 
fMRI, which gives it an advantage in neurosurgical decision-making. NBS is faster and more 
cost-effective than other alternatives. The NBS system also has other diagnostic applications, 
including testing for motor tract integrity following stroke. The British company Magstim is a 
competitor to Nexstim. 
 
 
                                                 
5 Functional magnetic resonance imaging 
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Figure 3. Technology concept from Nexstim 

Reference: www.nexstim.com 
 
Thornhill Research Inc. 
RespirAct is a device that makes diagnostic measurement of cerebrovascular reactivity 
(CVR), which can be described as measurement of the ability of the blood vessels in the brain 
to regulate blood flow. It can be used in the management of stroke and other neurovascular 
diseases. This good prediction will hopefully save money when surgery is not needed as CVR 
is intact despite the presence of a stenosis6. The device provides the patient with a computer 
controlled CO2 and O2 supply while breathing through a patented mask. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
6 Abnormal narrowing in a blood vessel 
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Figure 4 shows identified companies with products to treat stroke. 
 

 
Figure 4. Identified companies with products to treat stroke 

Table 3 shows a summary of selected companies after the evaluation with stroke treatment 
products. 
 
Table 3. Overview: Companies with innovations to treat stroke 
Company Product FDA/CE Pre-marketing Webpage 

BeneChill Therapeutic hypotermia  Phase III* www.benechill.com 
BrainsGate Stimulation of SPG  Phase III* www.brainsgate.com 
Neurosonix Ultrasound therapy  Phase III* www.neurosonix.co.il 
Nfocus Embolization covers  Phase III* www.nfocusneuro.com 
Penumbra Clot removal catheter CE  www.penumbrainc.com 
PhotoThera NIR therapy  Phase III* www.photothera.com 
QuickCool Therapeutic hypothermia  Phase III* www.quickcool.se 

*All companies in pre-marketing are in clinical trials or pending for market clearance 
 
BeneChill Inc. 
BeneChill is a company from the US who have developed a nasal cooling technology to 
improve patient outcomes after acute ischemic stroke. The product is non-invasive, easy to 
use, portable, and requires no external power and enables treatment by non-specialized 
medical personnel using non-sterile techniques in any environment.  
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BrainsGate Ltd. 
BrainsGate’s product (Figure 5) which is pending to receive FDA clearance uses 
neurostimulation of the Spheno-Palatine Ganglion (SPG), a small nervous center located 
behind the nose. The Spheno-Palatine Ganglion controls blood flow to the brain and the 
permeability of the blood-brain barrier (BBB). Applications being researched include head 
trauma, Parkinson’s disease and ischemic stroke. The longer the SPG is stimulated, the more 
the vessels dilate and larger molecules can permeate the BBB.  
 

 
Figure 5. To the left; The SPG location, To the right; BrainsGate’s product system 

Reference: www.brainsgate.com 
 
NeuroSonix Ltd. 
This company has developed 
EmBlocker™, (Figure 6) an ultrasound 
based method to prevent embolic debris. It 
is a non-invasive embolic protection 
technology based on utilizing acoustic 
forces to deflect embolic material flowing 
inside arteries away from vessels 
supplying blood to vital and delicate 
organs. The product has efficacy against 
embolic material composed of solid 
particles as well as gaseous bubbles. The 
outcome is no trauma to the aorta and 
standard surgical protocol is respected and  
no larger external wound required. 
 
Nfocus Neuromedical Ltd. 
Nfocus is a development and commercialization company focused on treating hemorrhagic 
stroke. The technology is built on neurovascular embolization covers, which is a new way of 
providing rapid treatment of aneurysms and fistulas in the brain. The product will be included 
in the area of interventional neuroradiology with endovascular treatment to serve the rapidly 
growing less invasive neurosurgery market. Nfocus plans to release the technology within the 
next 12 months.  
 
Penumbra Inc. 
The CE marked product revascularizes large vessel occlusions in the intracranial circulation 
to prevent and treat ischemic stroke. The technology uses a micro catheter and thrombus 
debulking approach to intracranial vessels. The design of the product gives a proximal 
working position and continuous aspiration during the whole treatment. 
 

Figure 6. Product system from NeuroSonix 
Reference: www.neurosonix.co.il 
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PhotoThera Inc. 
The NeuroThera system (NTS) is a treatment of ischemic stroke. It delivers noninvasive near-
infrared (NIR) laser energy (transcranial laser therapy, TLT) into the brain. The design 
consists of a moveable console, a fiber optic cable, and a hand piece. The system may offer a 
compelling option for the treatment of acute ischemic stroke up to twenty-four hours 
following onset of stroke symptoms. 
 
QuickCool AB 
The QuickCool device is an effective way of cooling the brain of ischemic stroke patients 
through the nasal cavities. The Swedish aid consists of a portable pump connected to nasal 
balloon catheters (Figure 7). The thin-walled balloon catheter is inserted into the nostrils of 
the patient and advanced into the nasal cavity. When inserted into the patient, a cold saline 
solution is circulated in the system. A competitor to QuickCool is BeneChill. 
 

 
Figure 7. QuickCool’s technology 
Reference: www.quickcool.com 

 
 
Figure 8 shows identified companies with products to rehabilitate stroke patients. 
 

 
Figure 8. Identified companies with products to rehabilitate stroke patients 
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Table 4 shows a summary of selected companies after the evaluation with stroke rehabilitation 
products. 
 
Table 4. Overview: Companies with innovations to rehabilitate stroke 
Company Product FDA/CE Pre-marketing Webpage 

BioServo Strength glove CE  www.bioservo.com 
Cyberkinetics Interpreted brain signals  Phase II* www.cyberkinetics.com 
Elminda Evidense-based rehab. CE  www.elminda.com 
Intelect Medical Implantable DBS  Phase III* www.intelectmedical.com 

Neurodan Artificial limb implant CE  www.neurodan.com 
NovaVision Vision restoration  FDA  www.novavision.com 
Victhom Restore mobility  Phase II* www.victhom.com 

*All companies in pre-marketing are in clinical trials or pending for market clearance 
 
BioServo Technologies AB 
A KUH based company with Hans von Holst, neurosurgeon at KUH, as one of the founders. 
They have developed a complementary strength glove for elderly with declining physical 
fitness. The glove has the capacity to improve the grip force by artificial tendons, integrated 
along the side of the fingers and actuators in the form of electrical motors creating pulling 
forces via transmissions from the control algorithm. 
 
Cyberkinetics Inc. 
The system is designed to restore functionality for a limited, immobile group of severely 
motor-impaired individuals. The system is developed in the US and consists of a sensor that is 
implanted in the motor cortex of the brain and a device that analyzes brain signals. The 
principle behind the system is that with intact brain function, brain signals are generated even 
though they are not sent to the arms, hands and legs. The signals are interpreted and translated 
into cursor movements.  
 
Elminda Ltd. 
An Israeli company who has developed an evidence-based neuro-psychological knowledge 
base and clinical application specific platform for neural rehabilitation before and during the 
rehabilitation process of stroke patients (Figure 9). The product generates evidence based 
treatments with EEG measurements, is highly mobile, non-invasive and easy to use. The 
Elminda workstation enables clinicians to perform routine brain observation to select the most 
effective treatment procedure, utilize new treatment procedures that induce brain´s plasticity 
thus improve rehabilitation outcomes and reduce hospitalization costs.  
 

 
Figure 9. Elminda’s technology concept 

Reference: www.elminda.com 
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Intelect Medical Inc. 
This company is developing implantable deep brain stimulation (DBS) systems to rehabilitate 
stroke patients. The DBS therapy will improve the function of those stroke patients with hand 
or motor impairment. The product combines traditional rehabilitation methods with targeted 
deep brain stimulation to improve upper limb function and recovery. The technology targets 
the deep cerebellum to not only increase neural plasticity in the effected cortical region, but 
also to overcome contra lateral cerebella deficits. 
 
Neurodan A/S 
Neurodan is a company from Denmark who develops products within neurostimulation to 
correct mobility disorders. They have one product on the market, the ActiGait, a drop foot 
correction system. ActiGait is based on an implanted stimulator, which activates the foot lift 
by stimulation a nerve above the knee. The electrode is inserted under the skin above the knee 
during a short surgical procedure. 
 
NovaVision Inc. 
A US developed vision restoration therapy used after traumatic brain injury and stroke. The 
technology, VRT, vision restoration therapy maps areas where vision may be improved. It 
provides customized neurostimulation therapy to regions within the brain's vision centers. It 
enables daily at-home therapy, and is believed to work by accelerating neuroplasticity. 88 per 
cent of patients experience improvements in their vision that impact their ability to achieve a 
greater quality of life.  
 
Victhom human bionics Inc. 
This technology restores the mobility after head trauma and stroke by an automatic and totally 
implantable device. It will artificially synchronize the activation of the ankle dorsiflexion7 
movement through neurostimulation of the peripheral nerves related to the anterior muscles of 
the leg. The implant uses nerve cuffs that are positioned on peripheral nerves located in the 
thigh region and send electrical signals to motor axons in peripheral nerves that generate 
contractions. 

4.2 Traumatic brain Injury 

The following information is partly explored by a literature study and partly by summarized 
interview with Dr Hans von Holst, Neuro Surgeon General and Professor at Karolinska 
University Hospital, November 3rd 2008. 

4.2.1 Clinical problem 

Two percent of the Swedish population suffers from a traumatic brain injury (TBI). In 
addition, each year, 400 Swedish people sustain a TBI. As one might imagine, the major 
causes of TBI are falls, traffic accidents and assault. In the western world casualty events 
which is generated by a traumatic brain injury, is the most usual case of death for people 
under the age of 45. TBI is the most common reason of acquired neurological disability 
among young adults and costs the society more than all cancer forms and cardiovascular 
disease combined in lost productivity and worker compensation claims in industrialized 
countries. (26), (27)  
 
 
                                                 
7 Movement which decreases the angle between the foot and the leg 
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Head trauma can from a pathophysiological view be divided into primary and secondary 
injury. The primary injury emerges in the acute moment of the accident, and is classified in 
diffuse and focal injury. The diffuse injury makes up mainly by axon damages in various parts 
of the brain and brainstem. The focal damage forms of local tissue destruction of burst vessels 
and bleedings. The secondary injury is in general caused by cerebral ischemia due to 
increased intracranial pressure after the hemorrhagic swelling process. (27) 

4.2.2 Current technologies 

Have in mind when reading chapter 4.2, that a traumatic brain injury like an intracranial 
hemorrhage is frequently diagnosed, treated and rehabilitated with the same procedures as 
those used in hemorrhagic stroke patients. See therefore the stroke chapter, 4.1, to receive 
complete information. 
 
Traumatic brain injury can be categorized by the degree of motor and cognitive functional 
loss. This functional loss can range from a simple concussion with full functional recovery to 
a person in a persistent vegetative state, where functional recovery is very rare. Current 
treatment of severe TBI patients is largely supportive with very few options available to treat 
their underlying problem, cognition and/or level of consciousness. (26) 
 
The traditional treatment for TBI patients has been to get the perfusion pressure to a higher 
level so the circulation improves and decreases the risk of damageable hypoxia8.  These types 
of procedures are today executed, usually in combination with hyperventilation of the patient 
to decrease blood volume, and fluid driven drugs to prevent swelling. (28) 
 
Advantages with bone cement ahead of screws in modern neurological medicine are greater 
access to troubled areas. An example is when screws are inserted after head trauma far up in 
the neck. The healing process is also faster with use of bone cement especially when elderly 
people are treated. The result is shown by a decreased hospital stay, and thereby reduced 
costs. (22) 

4.2.3 What would provide clinical value? 

Scientific research has the goal to prevent different types of TBI with products like helmets 
and security systems which can be found in vehicles. A diagnostic system which could 
recreate measurements of the injury course of event would enable accurate decision making 
and therefore provide clinical value. (22) 
 
Innovations that can fulfill the market need for new inventive surgical sealants that give fast 
and standing closure of vascular tissue have development potential. The development 
potential is also large in bone cement and other types of glue. (22) 
 
Shunts to treat hydrocephalus9 are inserted intracranially to regulate different CSF parameters 
after traumatic brain injury and hemorrhagic stroke. Today´s existing methods to enable 
information about the correctness of the shunts placement and function after surgical closure 
is insufficient. Minimal invasive and non-invasive shunt measuring devices would provide 
clinical value to physicians. (29) 
 
                                                 
8 Lack of adequate oxygen supply 
9 Water on the brain 
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4.2.4 Presentation of innovative products 

An overview of all identified companies with application in the field of traumatic brain injury 
can be seen in Figure 10 and Figure 11, together with the presented companies with 
innovations to diagnose, treat and rehabilitate hemorrhagic stroke, chapter 4.1. 
 

 
Figure 10. Identified companies with products to diagnose traumatic brain injury 

 

Figure 11. Identified companies with products to treat traumatic brain injury 

Summary of selected companies after the evaluation with products in the field of traumatic 
brain injury can be seen in Table 5. 

 
Table 5. Overview: Companies with innovations in the field of traumatic brain injury 
Company Product FDA/CE Pre-marketing Webpage 

Antrad Medical Thawing blood plasma  Phase I* www.antrad.se 
BrainScope Electrical data collector Pend FDA  www.brainscope.com 

EyeTect Monitoring brainstem FDA  www.eyetect.net 
Likvor CSF monitoring  Phase III* www.likvor.com 
Neomend Surgical sealant  Phase III* www.neomend.com 
Neuro diagnostic Non-invasive CSF m. FDA  www.neurodiagnosticdevices.com 

Promimic Hydroxyapatite cement  Phase II* www.promimic.com 
Repair Technologies Fiber polymer  Phase I* - 

VIS 3D visualization  Phase I* - 
Xylos Artificial dura mater  Phase I* www.xyloscorp.com 

*All companies in pre-marketing are in clinical trials or pending for market clearance 
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Antrad Medical AB 
Swedish Antrad Medical is developing equipment for plasma thawing. Presently, frozen 
plasma is thawed in water baths or other kinds of thermal warming devices, which takes 
between 20 and 45 minutes depending on the efficiency of the equipment. With Antrad’s 
plasma thawing device frozen plasma can be thawed and warmed up in less than 5 minutes.  
 
BrainScope Company Inc. 
BrainScope has developed a breakthrough technology that will give products to help assess 
brain function at the initial point of care. The product is a new generation of hand-held 
devices that operate as digital translators of the electrical activity of the brain, timely and 
mobile. The technology rests on more than 30 years of clinical data recording against the 
world’s largest database of brainwave recordings. 
 
EyeTect LLC 
EyeTect is monitoring the brainstem with a non-invasive approach and uses ocular micro-
tremor (OMT) theory. OMT is a high frequency, low amplitude tremor of the eyes triggered 
by impulses originating in the oculomotor10 area of the brainstem. Signals projecting upward 
through these pathways cause a tonic vibration of the muscles attached to the eye, thus 
creating micro-motion that is unnoticeable, yet present in all individuals. The product can be 
used in comatose monitoring and brainstem death diagnosis after head trauma. 
 
Likvor AB 
Likvor will soon launch a product to assess cerebrospinal fluid 
(CSF) dynamics. After surgery, an infusion test performed with the 
instrument is invaluable in determining whether or not an implanted 
shunt is functioning correctly. Two lumbar needles are placed into 
the spinal canal, below the spinal cord. The resting pressure of the 
patient is measured, and artificial CSF is infused in various patterns. 
Hereby the characteristic parameters of the system can be estimated, 
including important adherent statistical parameters (Figure 12).  
 
Neomend Inc. 
Bioadhesive hydro gel which combines a large biocompatible 
backbone protein of human serum Albumin cross linked with  
polyethylene glycol (PEG) to create a robust restorable hydro  
gel. The product, ProGEL-VS is a broad spectrum sealant  
able to seal bleeding and non-bleeding wounds such as air leaks and CSF leaks. It is stronger 
than fibrin glues and has far less swelling compared to other hydro gels. The gelation can 
range from instantaneously to over 30 seconds. 
 
Neuro diagnostic devices Inc. 
This company has developed a method of performing noninvasive measurements of flow in 
cerebrospinal fluid (CSF) shunts. The ShuntCheck™ product makes transcutaneous thermal 
convection CSF shunt flow measurements. In a noninvasive 20-minute test, CSF flow 
detection can be performed by an inexpensive, portable device. The expectation is that 
patients with shunts can be able to perform the study at home in a near future. 
 
 
                                                 
10 Cranial nerves controlling the majority of the eye's movements 

Figure 12. Likvor’s 
methodology  

Reference: www.likvor.com 
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Promimic AB 
Promimic develops a product which enables integration of implants in the human body. The 
company has a unique method to synthesis the bodily-specific substance hydroxyapatite. It is 
the key component in bones and teeth which enables effective gluing of surfaces in natural 
matter.  
 
Repair Technologies AB  
The product is a system for clinical application in the treatment of various bone defects. The 
technology consists of a polymer substance strengthened with fibers and instruments for it 
clinical use. The fiber polymer is injected percutaneously under local anesthesia toward the 
fracture to be treated.  
 
VIS AB 
Visualization through stimulation and imaging (VIS) is a Neuronics company with Hans von 
Holst as one of the founders. The company is developing numerical models of the human 
brain and cervical spine in order to predict injury. The technology uses the finite element (FE) 
method which consists of the different tissues in the skull, brain, neck and their structures. 
When a patient has been scanned with MRI or CT the data is transferred into the FE model 
and can be used as a tool in the search for head and neck injury mechanisms. 
 
Xylos Corporation Inc. 
A manufactured dura mater replacement product synthesized by the organism Acetobacter 

xylinum. The dura mater is the protective covering of the brain and spinal cord. It is a 
biocellulose dura substitute and is biocompatible, minimized of morbidity, non-pyrogenic and 
has no known risk of disease transmission. It consists of nano-fibers that are approximately 
200 times finer than cellulose derived from cotton and with a structural holding capacity of 
approximately 100 times its dry weight.  

4.3 Parkinson’s disease 

The following information is partly explored by a literature survey and partly by summarized 
interviews with Dr Olof von Sydow and Dr Sven Pålhagen, Chief physicians at Karolinska 
University Hospital. The meeting with Dr Olof von Sydow, a specialist in degenerative 
diseases, was held on November 17th 2008. Dr Sven Pålhagen a specialist in Parkinson’s 
disease was interviewed on November 24th 2008. 

4.3.1 Clinical problem 

Parkinson’s disease is a degenerative disorder of the central nervous system, which is 
characterized by progressive and irreversible loss of neurons. The disorder progresses slowly 
and includes a slowing of physical movement, muscle rigidity11, involuntary resting tremor 
and gait disturbances. The disease is due to abnormal functioning of the basal ganglia, 
structures deep within the brain that control the automatic aspects of movement. Basal ganglia 
control neurons release of the neurotransmitter dopamine. In Parkinson's disease, either 
dopamine release or dopamine receptors are compromised. (30) 
 
 
 
 
                                                 
11 Increase in muscle tone 
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The patient with Parkinson’s disease undergoes three phases. Symptoms of the first phase are 
accelerating hyperkinesis12, tremor and rigidity. Few patients gets the right diagnose during 
the first phase because the symptoms seems like regular aging. During the second phase the 
symptoms start to be a disability and the majority of Parkinson’s patients gets diagnosed and 
starts to medicate with L-dopa, the most usual pharmaceutical in combination with dopamine 
antagonists and enzyme inhibitors. The third phase is called the progressive phase where 
patients are afflicted by violent declining motor activity. In the progressive phase of the 
disease, motor disturbances extend to the control of speech and swallowing and are described 
with fast shifts between stiffness and over mobility. (31) 
      
The exact causes of Parkinson’s disease are unclear, although a number of genetic factors 
have been proposed as relevant to the disease. In a small number of patients, poisoning with 
heavy metals such as manganese has been implicated. An additional factor that may be 
implicated is an impairment of the liver's detoxification ability. Additional risk factors include 
age, as the average age of onset of the disease is 57, and family history of the disease. About 
15,000-20,000 persons in Sweden are afflicted by Parkinson’s disease. The incidence is near 
1,500 per year and is observed in more than 1 percentage of individuals over the age 65. (30), 
(32) 

4.3.2 Current technologies 

At present, the pharmacological therapy of neurodegenerative disorders is relatively 
successful but limited mostly to symptomatic treatments and do not cure the underlying 
disease. Newly developed principles in the MedTech area are to reconstruct a functional 
obstruction of selected centers of the basal ganglia. This is executed by preventing electrical 
pathways with multi polar electrodes connected to a pulse generator. The method is called 
"deep brain stimulation” (DBS) although it does not deal with stimulation, but instead 
obstruct activation in the brain. (24) 
 
DBS systems are expensive to purchase, install and to maintain. The technology is considered 
to have good prospects to improve mobility, but is only suitable for about 10 per cent of the 
patients and entails all the risks inherent in brain surgery. This type of implant is only used if 
other treatment options with pharmaceuticals have none or little effect on the patient (24). An 
advantage with DBS is that the treatment is carried out continuously, and patients who have 
problems with taking medication on a daily basis are not affected. It is also a local treatment 
process which enables better prospects for organs like liver and kidneys because there is no 
need to digest pharmaceuticals. (30) 

Today, the only objective diagnostic process is dopamine connected isotope marketing by a 
gamma camera. The method is costly, up to 15 000 SEK for each patient (24). Otherwise, the 
only way to diagnose a patient is to carry out a semi quantitative process where the physician 
makes a test of the patient’s mobility. The motion is recorded by a camera, after that the 
patient receives pharmaceuticals by an inflection pump into the large intestine. A third 
objective party evaluates the movement pattern to see if the mobility is fully intact. This type 
of diagnostic method responds to the patient’s motivation and daily fitness, and is therefore 
heavily discussed. MRI can be used as a secondary method to evaluate the vascular blood 
flow saturation. (30) 
 
 
                                                 
12 Uncontrolled muscle movement 
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A Parkinson’s patient who does not take enough medication may have trouble with moving. 
On the other hand, an overdose may lead to unwanted movements and the body's reaction 
time to the drugs is variable, which makes it difficult to determine the right dosage. 
Additionally, as the disease progresses, the drugs become less and less effective. Existing 
drug delivery systems are capsules with nerve growth factor that are placed in the brain which 
allows continuous medication. (30) 
 
Psychical therapy has little effect if you take in account the costs. The rehabilitation is similar 
to stroke rehabilitation, where interactive media is used to sustain the memory function. (30) 

4.3.3 What would provide clinical value? 

Many products that monitor and measure brain activity and make diagnosis by MRI systems 
which are found in chapter 4.1 also have application areas in Parkinson’s disease. See 
therefore the chapter about stroke to get a comprehensive picture. 
 
Interviewed physicians think that the final treatment will be developed by gene therapy 
solutions. But development potential is large by medical devices in the diagnostic field and to 
enable effective subcutaneous injection. (24), (30) 
 
The need for a database registry of patients has been more substantial over the last years. The 
advantages are too extended to be disregarded. With a Parkinson’s register, like the MS-
register and Riks-stroke register, Parkinson’s patients would receive more adequate 
healthcare. Problems with patients journals could be solved and more collected data would 
extend the knowledge in the field and develop new treatment options. Israel and the company 
Medtronic have already started to compile a Parkinson’s register. (30)  
 
Transcranial direct current stimulation (tDCS) and transcranial magnetic stimulation (TMS) 
methods have so far showed a lack of reliable clinical studies and are therefore not applied in 
any lager scale than on a scientific level, but the potential is large in the future. (29) 
 
Newly developed DBS systems with singular responding electrodes irrespectively of each 
other in relation to strength and type of electrical stimulation would provide clinical value. 
Objective diagnostic instruments that can monitor the patients at all hours and not only during 
examination have potential to improve the knowledge of the course of the disease. Drug 
delivery systems to the brain to overcome the blood brain barrier (BBB), and trans dermal 
patches to enable continuous medication are also medical devices with good prospects. 
Diagnosis by biomarkers to show the degeneration of different types of neuro peptides would 
enhance sensitivity and provide earlier diagnosis. (30) 
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4.3.4 Presentation of innovative products 

An overview of all identified companies with applications in the field of Parkinson’s disease 
can be seen in Figure 13 and Figure 14.  
 

 
Figure 13. Identified companies with products to diagnose neuropathic disorders 

 

Figure 14. Identified companies with products to treat neuropathic disorders 
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Table 6 shows a summary of selected companies after the evaluation with applications in the 
field of Parkinson’s disease. 
 
Table 6. Overview: Companies with innovations to diagnose and treat Parkinson’s disease 
Company Product FDA/CE Pre-marketing Webpage 

Adaptive Neurom. Tremor suppressor  Phase III* www.anm-medical.com 
Brainsway TMS therapy  Phase II* www.brainsway.com 
Medtrode Neuomodulation device  Phase II* www.medtrode.com 
NeuroDerm Transdermal patch  Phase I* www.neuroderm.co.il 
NeuroNexus MRI-compatible DBS  Phase II* www.neuronexustech.com 

NsGene Biodelivery system  Phase III* nsgene.dk 
Uman Diagnostics Neurofilament diagnose CE  www.umandiagnostics.se 

*All companies in pre-marketing are in clinical trials or pending for market clearance 
 
Adaptive Neuromodulation GmbH 
This company develops a high-frequency stimulation implant for tremor suppression for 
Parkinson’s disease. The method is adapted to the disease pattern of the individual patient and 
is a standard procedure for functional target localization during deep brain stimulation. They 
have developed a stimulation technique that effectively evokes tremors in a well-defined and 
quantifiable manner. For this, they used patterned low-frequency stimulation (PLFS), i.e. brief 
high-frequency pulse trains administered at pulse rates similar to neuron frequencies.  
 
Brainsway Inc. 
This company is developing the Deep TMS system, a non-invasive medical device for 
treatment of a wide range of neurological and psychopathological disorders. The technique 
applies brief magnetic pulses to the brain. The pulses are administered by passing high 
currents through an electromagnetic coil placed upon the patient's scalp.  
 
Medtrode Inc. 
A product to enable neuromodulation therapy for cognitive and memory disorders, such as 
Alzheimer’s and Parkinson’s disease. The technology is based on a method to precisely 
control the behavior of a targeted brain region by adaptively pacing neurons and enhances 
neuronal plasticity. The product will consist of electrodes and an implantable pulse generator 
(IPG) that enables the full potential of multi-channel and multi-functional electrodes with 
independent waveforms.  
 
NeuroDerm Ltd.   
ND0601 is a trans dermal delivery system, the first Levodopa (L-DOPA) skin patch for 
Parkinson’s disease. The system enables continuous delivery of L-DOPA, and the 
development efforts are focused at developing formulations that will enhance trans dermal 
penetration, for example, esters.  
 
NeuroNexus Technologies Inc. 
NeuroNexus Technologies develops a product with the ambition to improve the treatment of 
Parkinson’s disease. The company aims to commercialize a programmable and MRI-
compatible deep brain stimulation device in a couple of years. 
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NsGene A/S 
NsGene’s biodelivery system is based on an encapsulated cell technology. It consists of an 
implantable catheter-like device that contains genetically modified cells enclosed behind a 
semi-permeable membrane. The membrane allows for the influx of nutrients and outflow of 
the therapeutic factor(s) but does not allow for direct contact between the therapeutic cells and 
the host tissue. The purpose is to implant the device in defined regions of the brain to deliver 
any proteins or neurotransmitters across the blood brain barrier. 
 
Uman Diagnostics AB 
This company launched its first product during spring 2008, a diagnostic kit for research 
purposes of neurodegenerative diseases. The new assay is named NF-light® (ELISA), short 
name for one of the low molecular weight chains of the intracellular intermediate filament 
called neurofilament. During several degenerative conditions this marker is released into the 
cerebrospinal fluid and reflects the activity of the disease, which is of value both 
diagnostically but also for establishing new therapeutic approaches. 

4.4 Multiple sclerosis 

Following information is partly explored by a literature study and partly by summarized 
interview with Anna Fogdell-Hahn, senior lecturer at Karolinska University Hospital 
November 11th 2008. Anna Fogdell-Hahn is a specialist in multiple sclerosis. 

4.4.1 Clinical problem 

Multiple sclerosis (MS) is after trauma the most common reason of acquired neurological 
disability among young adults. About 14,000 Swedish citizens are afflicted by MS and if not 
treated with pharmaceuticals the progressive phase will begin within 15 years after the 
outbreak and result in a need for mobility aid. (9) 

A sick person with MS lives almost as long as a healthy person, but the disability can be a 
problem only a few years after the disease outbreak. This need for home care assistance is an 
expensive part of the rehabilitation process which makes the cost of pharmaceuticals 
insignificant. (33) 

The disease is a combination of genetic and environmental factor. It has been shown during 
research that Scandinavian people are in a greater scale afflicted by MS. Scientific 
assumptions with partly proved research point out the lack of D-vitamin in combination with 
a lower immune defense due to climate depression. Therefore it is not possible to neglect the 
environmental factors. (34)  

MS is a central nervous disease which leaves scars on the myelin sheath13 and axons of the 
nerves. The process starts with attacks on the central nervous system by immunoglobulin G 
(IgG) and after the inflammation period the result is scarring, also called lesions. The 
medicines of today try to regulate the IgG in the blood stream and thereby the inflammation 
process. (33), (35) 

 

 

                                                 
13 Electrically-insulating dielectric layer 
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4.4.2 Current technologies 

Today’s diagnosis is carried out in a combination of three ways. The first way is to take a 
cerebrospinal fluid (CSF) sample and identify the concentration of immunoglobulin G by 
electrophoresis. By taking a CFS sample infection risks increase and an educated clinician 
within the field is needed. The second way is to use MRI scans to visualize the amount of 
plaque in the brain. To see the plaque is not a problem but the problems lie in analyzing the 
amount. The third way is to do a mobility and motor activity test, which is carried out by the 
clinician. The test is very subjective and has the disadvantages that it may not be carried out 
in an adequate way. (34), (35) 

Today’s treatment is implemented by pharmaceuticals, especially a combination of beta-
interferon’s, immunoglobulin’s and enzyme inhibitors. Treatment with pharmaceuticals gives 
the patient an acceptable life quality. A person with progressive MS experience massive pain, 
sleeping problems, vision problems, motor activity and mobility disability. These problems 
give physiological secondary problems such as depression and tiredness, also called fatigue. 
This can be solved with painkillers and sleeping pills as a short-term solution. (36) 

Anna Fogdell-Hahn, scientist at KUH, points out that the scientific research is far from a 
breakthrough and the mystery behind MS will take many years to solve. (34) 

4.4.3 What would provide clinical value? 

Many products that monitor and measure brain activity and make diagnosis by MRI systems 
which are found in chapter 4.1 also have application areas in multiple sclerosis. See therefore 
the chapter about stroke to get a complete picture. 
 
Because of the eminent need for continuous flow of medication, new drug delivery systems 
have a huge potential. Medication is today injected by syringes which give a high immune 
response. Trans dermal technology would therefore provide clinical value. (34) 
 
To measure the amount of plaque by MRI would help to get a view of the disease pattern and 
to see the course of the disease. Diagnostic tests of lymph and blood are also topics of the 
future. Many biomarkers that code for MS have still not been identified, but when identified 
they will revolutionize the diagnosis options. (34) 

4.4.4 Presentation of innovative products 

An overview of all identified companies with application in the field of multiple sclerosis can 
be seen in appendix I, under neuropathic disorder. The most interesting companies with 
products are presented in Table 7.  
 
Table 7. Overview: Companies with innovations to diagnose and treat multiple sclerosis 
Company Product FDA/CE Pre-marketing Webpage 

LineaGen Biomarker diagnosis  Phase I* www.lineagen.com 
Vyteris Trans dermal delivery system   Phase III* www.vyteris.com 

*All companies in pre-marketing are in clinical trials or pending for market clearance 
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LineaGen Inc. 
LineaGen is a biomarker based company focused on the commercialization of diagnostic tests 
that will enable highly effective personalized medicine and healthcare in a variety of key 
areas. By using individual genetic profiles to diagnose health issues and conditions earlier and 
more accurately, LineaGen diagnostics will support early treatment and improve patient’s 
chances for a more positive outcome.  
 
Vyteris Inc. 
Vyteris active patch system delivers drugs through the skin using low-level electrical energy. 
The technology works by applying a positive charge to the drug-holding reservoir of the 
patch. As most drug molecules are positively charged, the two molecules with identical 
charge repel, forcing the drug molecules out of the reservoir and into the skin. By controlling 
the intensity and duration of the positive charge applied, the patch controls whether the drug 
delivery is topical, or whether the drug molecules are pushed deeper into the skin, where they 
enter the body’s circulatory system directly. 

4.5 Epilepsy 

The following information is partly explored by a literature survey and partly by summarized 
interviews with Torbjörn Tomson and Olof von Sydow, Chief physicians at Karolinska 
University Hospital. The meeting with Dr Torbjörn Tomson was held on December 1st 2008, 
a specialist in epilepsy. Dr Olof von Sydow is a specialist in degenerative diseases and was 
interviewed on November 17th 2008. 

4.5.1 Clinical problem 

Epilepsy is a generic term of types of medical conditions which differ from each other with 
respect to etiology, seizures types, EEG-data, prognosis and treatment. The most common 
cause of epilepsy seizures are stroke, tumor, neurodegenerative diseases and trauma. About 
0.7 percentage of a population are afflicted by active epilepsy which makes the number of 
patients in Sweden almost 60,000. The definition of active epilepsy is a patient that has 
experienced seizures during the last two years or that the patient needs to use antiepileptic 
drugs to stay seizure free. But the problem with epilepsy is much larger because of the 
estimated numbers of unknown cases. Studies have shown that about 10 percentage of a 
population at some point in their lifetime experience an epileptic seizure. (37) 

Genetic factors are probably the cause of idiopathic14 types of epilepsy. Children that have 
epilepsy have usually some type of idiopathic epilepsy. Today there is about 10 000 children 
in Sweden with epilepsy and many of them with severe active epilepsy, which can be lethal. 
Even if the mortality is low the disease remains a problem to many people. About 20 
percentages of the afflicted have some kind of handicap, which obstructs the systematic 
medication because of the patient’s lack of cooperation. Epilepsy is a condition of seizures 
and not a disease. Genetic science has identified a gene which can implement epileptic 
seizures. The largest hope to solve the mystery with epilepsy is thereby steam cell science. 
(29), (37) 

 

 

                                                 
14 Arising spontaneously 
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An epileptic seizure originates from electrical discharges from the neurons of the cerebral 
cortex. This imbalance between nerve cells firing is believed to be the most important cause 
of epilepsy. In particular, the neurotransmitters that chemically convey the signals in the 
synapse are central to causing such an imbalance and the location of the outbreak can vary 
from time to time. (12) 

4.5.2 Current technologies 

Because of the complexity of the disease, patients with suspicious epilepsy need to be treated 
by a specialist. Different symptoms need to be treated with different methods and the majority 
of patients (70%) respond well on current pharmaceutical treatment. (29) 
 
Current alarm worn sensor units to help foreworn of seizures are poor in sensitivity and 
specificity. They are usually watch-like and placed on the extremities which make the 
distance to the origin of the seizure too long to be measured adequately. (29) 

The most important non pharmaceutical treatments today are surgery and neurostimulation. 
The areas that usually are the start location of seizures can be removed by evidence based 
surgery. This type of treatment has demonstrated best results for patients with temporal lobe 
triggering seizures, and of these almost 70 percentages of the patients have been cured. 
Refractory epilepsy patients can as a compliment to surgery receive deep brain stimulation 
(DBS) through the vagues nerve15, but the outcome is usually poor and unsatisfying because 
of the difficulty to properly implant the electrodes at the exact places where the seizures have 
their origin. (14), (29) 

Surgery to treat epilepsy is a high tech methodology which needs modern imaging equipment 
such as real time MRI, EEG analysis, positron emissions tomography (PET), single photon 
emission computed tomography (SPECT) and MR-spectroscopy. An alternative way to 
diagnose epilepsy is to measure the oxygen saturation in the brain because of the interaction 
between low oxygen level and epilepsy. (29) 

The rehabilitation today is built on education programs where the patient can learn about their 
condition and therefore increase their knowledge and feel more secure. Over the last few 
years a new method of cognitive behavior therapy has been tried out to help the patient to 
control their seizures. Dr. Torbjörn Tomson believes that in 5-10 years the problems with 
epilepsy will remain, and in the future patients get treated by gene therapy. (29) 

4.5.3 What would provide clinical value? 

Many products that monitor and measure brain activity and make diagnose by MRI systems 
which are found in chapter 4.1 also have application areas in epilepsy. See therefore the 
chapter about stroke to get a comprehensive picture. 
 
Because of the complexity and today’s low knowledge of epilepsy it is hard to predict what 
would provide clinical value. It is still unknown how a seizure progresses in the brain and 
why the seizure starts from a specific region. This makes it hard do use surgery to remove 
afflicted tissue and implant DBS-systems that will function properly. The current diagnosis 
models are poor and are built on a patient’s seizure history. (29) 
 
                                                 
15 Cranial nerve that starts in the brainstem 
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The alarm sensors have to low sensitivity and specificity to be useful to the patient and for 
some reason today’s drugs do not work in 1/3 of the patients. (29) 

Instruments built on EEG information that identifies different patterns with high sensitivity 
could help to diagnose some patients. To achieve high sensitivity the measure point has to be 
near the outbreak area. An implant in those regions could therefore be proven to show 
usefulness.  (24)  

DBS implants have with today’s measurement technologies low effectiveness, and need 
improvements. Disadvantages with DBS systems are low cost effectiveness because of 
expensive surgeries and controls. Implanted systems can also damage brain tissue when 
electrodes electric poles progress heat in surrounding tissue. The lack of use of MRI 
compatible implant is also a problem that has to be solved. DBS systems have today a battery 
time up to 10 years. But the future brings new devices with inductive applications, where the 
patient can come in to the hospital and recharge the battery. (24) 
 
Drug delivery catheter and capsule systems could be useful if further investigations can show 
in which regions the medication is useful. These types of catheters are already included in 
brain tumor treatment. Transcranial direct current stimulation (tDCS) and transcranial 
magnetic stimulation (TMS) methods have so far showed a lack of reliable clinical studies 
and are therefore not applied in any lager scale than on research level. (29) 
 
Dr Torbjörn Tomson is one of the supporters for developing a database register for epilepsy 
patients in Sweden. The register will show EEG-data, seizures pattern and the progress of the 
condition. The need for even larger knowledge and standardized journals is eminent to be able 
to effectively treat patients. An epilepsy register is especially necessary because of the amount 
of patients that are examined by non-specialists in local medical offices. (29) 

4.5.4 Presentation of innovative products 

An overview of all identified companies with application in the field of epilepsy can be seen 
in appendix I, under neuropathic disorders. A summary of selected products after the 
evaluation in the field of epilepsy can be seen in Table 8. 
 
Table 8. Overview: Companies with innovations to diagnose and treat epilepsy 
Company Product FDA/CE Pre-marketing Webpage 

BioLert Systems Alarm sensor unit  Phase III* www.biolertsys.com 
Kappametrics MRI-compatible EEG  Phase III* www.kappametrics.com 
NeuroPace Seizures suppressor  Phase II* www.neuropace.com 
NeuroVista Implantable alarm  Phase I* www.neurovista.com 
NsGene Biodelivery system  Phase III* nsgene.dk/ 
Optima Neuroscience EEG Diagnosis Pend FDA  www.optimaneuro.com 

*All companies in pre-marketing are in clinical trials or pending for market clearance 
 
BioLert Systems Ltd. 
BioLert develops an alarm worn watch-like sensor unit which is designed to respond to the 
requirements of epileptic patients, their caregivers and families. The product will be reliable 
with near-zero false alarms and zero misses. Upgrade models will enable patient’s mobility 
outdoor by GPS networks. 
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Kappametrics Inc. 
Kappametrics has developed a technology which is able to capture electroencephalography 
(EEG) data concurrently with functional magnetic resonance imaging (fMRI).  Kappametrics 
product, called f-EEG, employs noise cancellation techniques to eliminate the large radio 
frequency, electrostatic and magnetic noise produced by the fMRI scanner and enables the 
real-time collection of physiologic EEG data during fMRI scans. 
 
NeuroPace  Inc. 
An American company which develops neurostimulation implants to treat medically 
refractory partial epilepsy. The neurostimulator is designed to detect abnormal electrical 
activity in the brain and respond by delivering electrical stimulation to normalize brain 
activity before the patient experiences seizure symptoms. External products include computer 
software that has a wand and telemetry interface enabling communication with an implanted 
neurostimulator. It includes the ability to view the patient's electrocorticographic16 (ECoG) 
activity real-time and the ability to upload the patient's ECoGs that have been stored in the 
neurostimulator.  
 
NeuroVista Corporation Inc. 
NeuroVista develops a signal processing implant which will be inserted intracranially to 
foreworn of epileptic seizures. The company has assembled one of the world’s largest 
databases of intracranial electrocorticography (ECoG) recordings and developed vast 
computational resources to assist in the identification and analysis of signals that may enable 
practical seizure advisory.  
 
NsGene A/S 
NsGene´s biodelivery system is based on an encapsulated cell technology. It consists of an 
implantable catheter like device that contains genetically modified cells enclosed behind a 
semi-permeable membrane. The membrane allows for the influx of nutrients and outflow of 
the therapeutic factor(s) but does not allow for the direct contact between the therapeutic cells 
and the host tissue. The purpose is to implant the device in defined regions of the brain to 
deliver any proteins or neurotransmitters across the blood brain barrier. 
 
Optima Neuroscience Inc. 
Their software based product will enable reviewing EEG data with highly accurate seizure 
detection which allows the physician to quickly focus on areas of interest. The analysis is 
executed faster by supported multi-core processing with easy to understand user interfaces to 
enable examination by non-specialists. 

4.6 Other innovative technologies 

Bonesupport AB 
Ultrasound based method for treatment of herniated discs by an osteoconductive17 bone-like 
material that provides a double advantage. It penetrates and reinforces bone while allowing 
for future bone ingrowths. The operation is executed by a minimally invasive procedure for 
the treatment of compression vertebral fractures in outpatients and is non-toxic. 
www.bonesupport.com 
 
 
                                                 
16 Electrode placement to record electrical activity from the cerebral cortex 
17 Three-dimensional scaffold or matrix to facilitate bone repair 
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MagForce Nanotechnologies AG  
Nanotechnology which uses magnetic particles, iron oxide particles which are surrounded by 
a protective covering which makes sure the particles are stable enough not to agglomerate18 or 
sedimentize. The nanoparticles produce a large number of binding sites between cancer cells 
and target molecules and penetrate deeply into the tumor tissue. When penetrated, nano-
cancer therapy is carried out in a magnetic field applicator which is developed specifically for 
this form of therapy. Only the nanoparticles absorb the high-energy radiation of the magnetic 
field and start to oscillate and by the heat exchange destroys the cancer cells. 
www.magforce.de 
 
Monteris Medical Inc.  
The company is developing a minimally invasive brain treatment method which is MRI-
guided and based on MRI thermometry laser interstitial thermal therapy. The product is based 
on a MRI-compatible laser probe which is inserted into the brain tumor through a small “burr 
hole” in the skull. The probe tip emits laser energy sideways (radially) to heat tissue in one 
direction while cooling to remove heat from all other directions. MRI signals measure 
temperature in and around the tumor in real-time, enabling the physician to “see” the tumor 
and the thermal damage as it happens. www.monteris.com 
 
CoreSpine Technologies LLC 
CoreSpine Technologies have developed a method to do complete removal of nucleus 
material in the spine. The selective cutting technology is able to remove nucleus while not 
damaging the annulus or vertebral endplates. It can be utilized via a posterior approach, which 
is the most desired surgical approach. www.corespinetech.com 
 
Mazor Surgical Technologies Ltd. 
Mazor Surgical Technologies is developing a whole product line that soon will be launched or 
has just entered the market. C-InSight is a software based product, which uses the video 
output of existing C-Arms to create 3D reconstruction views from the data collected and 
processed after scanning the patient. 
 
The DiscAssist is another Mazor Surgical Technologies product which is software-based. The 
software allows the surgeon to pre-operatively plan the appropriate size, and placement of 
artificial discs in disc replacement surgery. The DiscAssist has the capability to superimpose 
pre-operative plan (CT) images with inter-operative fluoro images. Every time the surgeon 
takes a fluoro (x-ray) image, the system shows on the C-arm screen where the tool and pointer 
is relative to the superimposed preoperative plan. www.mazorst.com 
 
Eyemarker systems Inc. 
A US company which has developed a diagnostic device to ocular scan for toxins. The device 
is portable, non-invasive and capable of identifying markers in the human eye to determine if 
a person has breathed or absorbed toxins or nerve agents. The application area is primary in 
the military and in emergency rooms. www.eyemarkersystems.com 
 
 
 
 
 
                                                 
18 Collected into a ball or mass 
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5 Analysis 
Assessment and analysis of the evaluation of innovations and the symposium are described in 
this chapter. 

5.1 Evaluation with physicians 

Table 9 shows a summary of the top ranked companies, which potentially would provide 
clinical value in Swedish health care. The majority of the companies have applications in the 
field of stroke. That is not a coincidence due to the clinical need for innovative stroke 
applications. Stroke afflicts billions of people each year around the globe and costs the health 
care billions of SEK. Therefore research is executed at University’s and in companies on a 
large scale to progress stroke patient outcomes. 
 
Table 9. Companies with innovations that potentially would provide clinical value 

Company Product FDA/CE Pre-marketing Webpage 

BeneChill Therapeutic hypotermia  Phase III* www.benechill.com 
BrainsGate Stimulation of SPG  Phase III* www.brainsgate.com 
Cyberkinetics Interpreted brain signals  Phase II* www.cyberkinetics.com 
Elminda Evidence-based rehab. CE  www.elminda.com 
EyeTect Monitoring brainstem FDA  www.eyetect.net 
Eyemarker systems Ocular toxins scan  Phase II* www.eyemarkersystems.com 
InfraScan NIR-detector,hematoma FDA  www.infrascaner.com 
Kappametrics MRI-compatible EEG  Phase III* www.kappametrics.com 
LineaGen Biomarker diagnosis  Phase I* www.lineagen.com 
MagForce Brain tumor treatment  Phase II* www.magforce.com 
Magstim TMS/tDCS applications FDA/CE  www.magstim.com 

Mazor Stereotactic software CE  www.mazorst.com 
Medfield Diagnostics Microwave therapy  Phase II* www.medfielddiagnostics.com 
Medtrode Neuomodulation device  Phase II* www.medtrode.com 
Neuro diagnostic Non-invasive CSF m. FDA  www.neurodiagnosticdevices.com 

Neurolife Non-invasive pressure m.  Phase II* - 
NeuroPace Seizures suppressor  Phase II* www.neuropace.com 
Neurosonix Ultrasound therapy  Phase III* www.neurosonix.co.il 
NeuroVista Implantable alarm  Phase I* www.neurovista.com 
Nexstim NBS system CE  www.nexstim.com 
Nfocus Embolization covers  Phase III* www.nfocusneuro.com 
NsGene Biodelivery system  Phase III* nsgene.dk/ 
Penumbra Clot removal catheter CE  www.penumbrainc.com 
Photothera NIR therapy  Phase III* www.photothera.com 
QuickCool Therapeutic hypothermia  Phase III* www.quickcool.se 
Thornhill Research Cerebrovascular activity  Phase III* www.thornhillresearch.com 

*All companies in pre-marketing are in clinical trials or pending for market clearance. 
 
Less invasive and more accessible diagnostic devices have a wide clinical use. Accessible 
devices through a size and cost-effective perspective could provide earlier diagnosis and 
thereby get more treatment options. Different types of non-invasive diagnostic and treatments 
with microwaves, ultrasound and near infrared devices give the physicians tools that are 
sensitive, and still very accurate in diagnosis and treatment.  
 
To prevent brain damage by therapeutic hypothermia would give the physicians a larger 
window to operate in. Endovascular treatment options address minimal surgery trauma 
together with other MIS oriented possibilities. To enable more adequate measurement of brain 
activity which can be properly interpreted makes the treatment more successful.  
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Treatments that have been executed by removing brain tissue have started to be replaced with 
stimulation and radiation treatments on a larger scale. To bypass the blood brain barrier 
(BBB), catheters and capsules have been used for a time, but new treatment options will 
probably give the physicians tools to regulate the BBB by inserting implants and biodelivery 
systems. 
 
The recently discovered facts about neurons ability to enhance plasticity have given clinicians 
new types of challenges and possibilities to improve the rehabilitation process with different 
types of stimulation. New understandings of the brain function have employed algorithms and 
implants that can calculate and control the rehabilitation process on an individual basis.   
 
Diagnostic instruments with a concept to identify biomarkers have given the physicians tools 
that deliver results that cannot be misinterpreted and will probably advance research in gene 
therapy and therefore offer more than pure diagnosis. 

5.2 The symposium 

When the evaluation process was executed a topic was selected for the symposium. Due to the 
many applications found in the area of stroke combining with the requested need for new 
technologies from physicians, stroke was chosen as the primary topic. 
 
The purpose of the symposium was to let MedTech companies in neurology that had 
emerging products with potential clinical value for the Swedish market present their concept. 
A further purpose of the symposium was to provide selected companies with an opportunity 
to establish potential clinical cooperation with the clinicians from Sweden and venture 
capitalists. The symposium was held at the Karolinska University Hospital in Solna, 
Stockholm on February 16th 2009.  
 
The companies in Table 10 were invited to attend the symposium. 
 
Table 10. Invited companies to attend at the symposium 
Company Product FDA/CE Pre-marketing Webpage 

BeneChill Therapeutic hypotermia  Phase III* www.benechill.com 
BrainsGate Stimulation of SPG  Phase III* www.brainsgate.com 
Elminda Evidence-based rehab. CE  www.elminda.com 
Eye Tect Monitoring brainstem FDA  www.eyetect.net 

Infrascan NIR-detector,hematoma FDA  www.infrascaner.com 
Medfield Diagnostics Microwave therapy  Phase II* www.medfielddiagnostics.com 
Neurolife Non-invasive pressure m.  Phase II* - 
Neurosonix Ultrasound therapy  Phase III* www.neurosonix.co.il 

Nexstim NBS system CE  www.nexstim.com 
Penumbra Clot removal catheter CE  www.penumbrainc.com 
QuickCool Therapeutic hypothermia  Phase III* www.quickcool.se 
Thornhill Research Cerebrovascular activity  Phase III* www.thornhillresearch.com 

*All companies in pre-marketing are in clinical trials or pending for market clearance. 
 
To reach out to as many neurologists as possible, 400 neurologists was contacted from 
different parts of Sweden. They received a letter of enquiry to participate in the symposium 
(appendix III). The addresses were collected by Internet research and by contacting clinic 
secretaries at the hospitals. Leading physicians were also contacted by phone to probe their 
interest and to use their potential interest to further attract the attention of other clinicians. To 
follow up the registrations, a reminder was sent out the day before the symposium to 
clinicians who had confirmed by mail that they would participate. 
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Invited were also people from Nordic VC’s firms, scientific newspapers and other influential 
people in the MedTech industry. The three selected companies were each given 30 minutes to 
present themselves to leading clinicians with a following discussion.   
 
Of the invited companies three of them were selected to attend. The attending companies were 
Elminda Ltd., Nexstim Ltd. and Medfield Diagnostics AB. The companies selected to 
participate in the symposium had during the evaluation process been top ranked regarding 
potential to provide clinical value.  
 
Elminda Ltd.’s Managing Director, Ronan Gadot flew in from Israel to participate in the 
symposium. Nexstim Ltd. arrived with two representatives Jari Karhu, CMO who flew in 
from Finland and Niko Hofkens, International Product Manager flew in from Belgium. 
Nexstim Ltd. also had the Swedish distributor, Daniel Gustavsson, attending the symposium 
from Clinilab. Medfield Diagnostics AB sent their CEO, Patrik Dahlqvist from the 
Gothenburg area to present their technology. The VC’s firms HealthCap and Scandinavian 
Life Science had representatives participating. There were also a handful of clinicians and 
biomedical engineers attending.  
 
The low number of participating clinicians was regrettable to comprehend an adequate 
evaluation of the presenting company’s technologies and was very disappointing for 
organizers and presenting companies. The lack of attending clinicians contributed to a small 
amount of filled out questionnaires, which lead to an incomplete verification process. 
 
Those questionnaires that were filled out showed that Nexstim’s NBS system was well 
received by the clinicians, with a bit of reluctance to the purchase price of 500 000 Euro. The 
other two companies are still in early phase of product development and are therefore quite 
difficult to evaluate. On the other hand, clinical evidence is first obtained after clinical trials 
which indeed involve physicians. A possible cooperation between Nexstim Ltd. and Elminda 
Ltd. was also discussed and clinicians showed interest to follow up the product development.  
 
The lack of executed clinical studies contributed to skepticism towards Medfield Diagnostics 
product. But the need is eminent for such a product if the company can deliver the product as 
described in a few years. Another problem that Medfield Diagnostics has to deal with is the 
capacity that is needed from computer processors to enable converting all data into results 
after scanning a patient using microwave technology. Medfield Diagnostics cannot influence 
the development of new processors, but believes that requested processors will be possible to 
buy year 2010.  
 
Physicians showed great interest in Elminda’s product, even after the symposium. One of the 
question marks was the limited clinical value due to the damage effects. When damage 
occurs, it is not 1:1 related to localization, but depended on the function in other areas, 
premorbid19 ability together with other psychological and social factors. The clinical value of 
Elminda’s product could be great to monitor a change of function and eventually predicate 
treatment outcomes, but more research is needed to deliver described results.  
 
 
 
 
                                                 
19 Condition of a patient's personality prior to the definitive onset of a disorder 
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6 Discussion 
In the discussion the author reflects on the evaluation of innovations and the outcomes of the 
analysis. The first part deals with the unevaluated identified companies in the mapping. The 
second part addresses the needs and associated technology in each area of interest. The third 
part addresses how clinicians perceive new technology. The fourth part discusses 
methodology criticism and the fifth part analysis the problems concerning the symposium and 
the lack of attending clinicians. 

6.1 Identified companies 

As can be seen in the mind map (appendix I), many of the identified companies are not 
represented in the evaluation of innovation chapter or in the analysis. Because of the 
magnitude of neurology it was unrealistic to cover all areas in this thesis. Selected fields 
within stroke, traumatic brain injury, Parkinson’s disease, multiple sclerosis and epilepsy 
represent some of the most important areas in neurology today. Therefore these areas were 
selected and evaluated.  
 
The mind map contains several areas of diagnosis and treatment technologies of disorder and 
disease in the peripheral nervous system and spine. Many of the applications in the field of 
spine disorders are related to orthopedics and limitations where thereby set up in further 
evaluation. Other areas mapped during the identification phase were ADHD20, Schizophrenia, 
autism, depression, migraine treatments and pain assessment.  
 
As can be seen in appendix V, the majority of the companies are USA and Israel based. This 
is not a coincidence due to the time and money spent on MedTech science in those countries. 
Why so many Swedish companies were identified, in proportion to, for example German 
companies, is probably due to the Synergus database, which assisted in finding Swedish 
companies.  

6.2 Areas in need of new technology 

All the top ranked technologies have a wide sector of applications. Nexstim Ltd.’s and 
Medfield Diagnostics AB’s products can be used to diagnose brain disorders as stroke, 
traumatic brain injury and brain cancer. Elminda Ltd.’s application area covers stroke and TBI 
rehabilitation. BrainsGate Ltd.’s and NsGene A/S’s delivery system can be used in a wide 
range of areas to reach across the blood brain barrier. Thornhill Research Inc.’s and 
Kappametrics Inc.’s technologies have the target group of stroke, TBI, degenerative diseases 
and epilepsy patients. To have a product that applies to a wide target group appeals to 
physicians in terms of cost-efficiency and user-friendliness. (24), (22) 
 
Applications of different registers are something that continuously recurs in the discussion 
with physicians. It seems like the development in information technology (IT) has given 
numerous new tools to execute the eminent need of evidence based diagnosis and 
rehabilitation by compiled information in databases. In the future it is probable that all the 
main diseases will have a register. 
 
 
 
                                                 
20 Attention-deficit hyperactivity disorder 
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6.2.1 Stroke 

When evaluating the company’s technologies relevance it became clear that some areas are in 
more need of new applications than others. Innovative solutions for fast, accessible stroke 
diagnosis to enable thrombosis treatment are for example more requested than large sized 
diagnostic instruments. If remaining clinical trials go as planned for Medfield Diagnostics AB 
and InfraScan Inc., they could fill that empty space. 
 
Nexstim Ltd.’s and Magstim Surgical Technologies Ltd.’s products to navigate in the brain by 
TMS are relatively new innovations. They will need time to show efficiency in health care, 
and will need some improvements in terms of accuracy and value performance.  
 
Minimal invasive surgery or even non-invasive oriented options to enhance recovery of stroke 
patients have always been requested. The future of neuroscience will probably be more and 
more minimally invasive with different types of endovascular options to minimize the trauma 
to the patients. NeuroSonix Ltd. and BrainsGate Ltd. are two companies who have followed 
the progress towards less invasive solutions. Another desired development area is stereotactic 
real-time MRI and CT, which could revolutionize imaging in neuroscience. 
 
Products involved in the rehabilitation process include interactive media and mobility 
recovering devices. Interactive media combined with brain activity monitoring is used to 
interpret brain signals to rationalize the treatment and the outcome for patients. The 
monitoring data is compared to stored data in databases from other patients, to see patterns 
which could be beneficial in decision-making. Elminda Ltd. and Cyberkinetics Inc. are 
companies who are active in this field.  
 
BeneChill Inc. is a competitor to QuickCool AB with similar patents. BeneChill have the 
advantage that their clinical trials are further executed and will probably get clearance for 
market launch before QuickCool. Medfield Diagnostics AB and InfraScan Inc. are also 
competitors although their technologies differ from each other. Medfield Diagnostics 
technology is built on microwaves whereas InfraScan’s technology is built on near infrared 
(NIR) solutions. Medfield Diagnostics has an advantage in getting market share due to 
microwaves properties in dielectric matters which creates a wider sector of applications.  

6.2.2 Traumatic brain injury 

The acute period after the intensive care for traumatic brain injury patients has to be 
monitored closely to prevent infection and enhance the outcome. Non-invasive intracranial 
pressure and brainstem monitoring are therefore requested. Two interesting companies in this 
field are Neurolife non-invasive solutions Inc. and EyeTect LLC. 
 
There are many types of existing 3D software for the C-arm today. Mazor Surgical 
Technologies Ltd.’s 3D visualizing product is probably a newly developed product from 
existing 3D viewers like Brainlab’s, and it is therefore questionable to call it an innovation. 
But Mazor’s pre-operation planner would potentially provide clinical value and the need is 
eminent for such an instrument. NeuroSonix Ltd.’s product could if approved, be interesting 
to try out during neurological surgery thinks Hans von Holst, neurosurgeon at KUH. 
Penumbra Inc.’s endovascular catheter treatment is a “me-too” product, and treatments with 
products of similar design are already executed at Karolinska University Hospital.  
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Xylos Corporation Inc.’s product, artificial dura mater is a very interesting approach to solve 
a problem in MedTech by biotechnology solutions. But the need is not eminent for the reason 
that a human body consists of enough dura mater to be replaced from other regions.  
 
Neuro diagnostic devices Inc.’s product, a non-invasive CSF shunt measurement device is 
probably effective and could also be very useful in the healthcare business. Today’s use of 
electrodes under the skin to monitor parameters of CSF is widely used but non-invasive 
solutions would provide even higher clinical value.  

6.2.3 Parkinson’s disease 

Today’s treatment of Parkinson’s disease consists mainly of pharmaceuticals. Deep brain 
stimulation has future prospects due to the development of understanding of brain function 
and the use of stimulators to enhance plasticity. If singular responding electrodes can be 
effectively developed readily with MRI-compatibility, the Parkinson’s disease treatment 
could be revolutionized. Companies like NeuroNexus Technologies Inc. and Adaptive 
Neuromodulation GmbH are pioneers in this field.  
 
Technologies like TMS and tDCS need to be further developed in evidence based clinical 
trials, but have a great potential in the future. Trans dermal patches and drug delivery systems 
with catheters and capsules to overcome the blood brain barrier are also under development 
by NeuroDerm Ltd. and NsGene A/S. Measurements of brain activity by MRI could access 
the need to follow a patient’s course of disease. 

6.2.4 Multiple sclerosis 

Multiple sclerosis cannot be cured today and probably future treatment solutions will involve 
gene therapy. MS afflicts nerves in the body and pharmaceuticals need to be continuously 
delivered for effective treatment. This could in the near future be done by trans dermal 
patches and implantable delivery systems. Devices built on biomarker diagnosis like the 
product from LineaGen Inc. have good prospects to accurately identify patients in an early 
stage. Methods built on MRI to screen for plaque formations to follow the progress of disease 
could assist the physician. 

6.2.5 Epilepsy 

Epilepsy occurs mainly due to a stroke, brain tumor, degenerative diseases or head injury. The 
clinical need would thereby be requested in seizures suppressors and seizures monitoring of 
patients in the risk group at hospitals. But implantable seizure controllers and suppressors for 
idiopathic epilepsy patients are also needed to enable better life quality.  
 
Kappametrics Inc. and Optima neuroscience Inc. are two companies with interesting products 
under development which are built on EEG measurements to predict a safe diagnosis and 
follow the course of the disease. Effective DBS implants need to be MRI-compatible, with 
singular responding electrodes to be placed in different parts of the brain. NeuroVista 
Corporation Inc. and NeuroPace Inc. are potential companies to fill that gap. Pharmaceutical 
treatment of afflicted regions in the brain, with NsGene A/S’s drug delivery system, has 
potential to provide clinical value. 
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6.3 How clinicians address new technology 

When a need for new technologies emerges in the health care business the scientists identify 
the problem and search for a solution. When the technical problem is about to be solved, the 
focus shifts to solve the clinician’s problem. This might be completely different from the 
initial technical problem. This complexity needs an all-round management structure to be 
successful.  
 
The results from the investigation show that the most important impact for the clinicians is the 
clinical outcomes and evidence based facts of scientific documentation. But these two 
criteria’s do not necessary mean a selling product. Personal interpretation and restriction 
around new products are great obstacles in the process. It is therefore essential to cooperate 
with experts and opinion leaders at the hospitals during the development process. 
 
If an effective device has a large target group, it is in most cases cost-effective. With a large 
target group fewer other devices are needed and will contribute to easier understanding of 
how to use the device. If the differences are too extended in contrast to other existing devices 
it might result in the clinician’s refusing the device, unless the new technology provides a 
significant increase in benefits in terms of health economics and improved quality of life.  
 
On the other hand, in the end the clinicians may not have the final decision making authority. 
A wide cooperation and lobbying with clinicians, especially opinion leaders and hospital 
management is therefore crucial for early stage companies who are relatively unknown on the 
market. However, improved clinical outcome and evidence based technology is prioritized 
when hospitals chose to purchase new medical technology devices. 

6.4 Methodology criticism 

Possible adverse consequences related to the methodology can be discussed in order to find 
the grade of reliability and validity of this study. During the whole working process I had to 
be aware of my subjectivity and ensure that I did not jump to unverified conclusions.  
 
The initial problem was to find out what kind of criteria within the neurological MedTech 
industry would provide clinical value to clinicians in Sweden. A comprehensive picture of the 
factors that provide clinical value was needed to know what kind of companies I should look 
for during the research process. The literature study could be wider to grasp an even better 
view, but because of the time schedule this was not possible. 
 
After the literature study, innovative technologies from early stage companies were identified 
that had the potential to be the stars of tomorrow. This identification was very widespread to 
enable as few missed relevant companies as possible and to minimize subjectivity in the 
evaluation process. If incorrect assumptions were applied during the identification, the 
mapped companies would show low clinical value during the evaluation process.  
 
The number of the empirical studies should be larger to get an even better reliability. The first 
would be to get more clinicians interviewed and then get more of them to attend the 
symposium. Another factor to low validity and reliability is the subjectivity that comes from 
the interviewed physicians and other speakers at conferences and lectures attended.  
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6.5 Problems concerning the symposium 

Something that became obvious during the evaluation and when organizing the symposium 
was physician’s negativity towards commercial companies and their way of selling products. 
The physicians pointed out that it was important that the symposium was scientifically 
oriented and did not build on commercial purposes alone. That aim was hard to fulfill due to 
the fact that attending companies would only participate if it was beneficial for them.  
 
Many of the invited companies chose to turn down the offer to participate due to lack of time 
and financial support in today’s hard financial climate. This was regrettable because many 
interesting companies such as BrainsGate Ltd. and NeuroSonix Ltd. would have made a 
significant contribution and maybe have attracted more physicians to come to the symposium. 
Neurolife non-invasive solutions Inc. and Thornhill Research Inc. would be two other 
companies that could have attracted physicians because of the clinical need in those areas.  
 
Clinicians who work in hospitals outside Stockholm showed no interest in the project despite 
invitation and direct contact by phone, probably because of the distance and time needed for 
the trip to Stockholm. The invited clinicians working at hospitals in Stockholm are apparently 
rather used to information about new novel technology and were not too eager to attend, 
although over 10 physicians were announced. The physicians tight time schedule is probably 
the main reason together with lack of clinical evidence from the attending company’s clinical 
trials and the constant flow of new techniques with varying quality. This was a major 
disappointment and made the verification process less reliable and it became difficult to draw 
adequate conclusions in the report. 
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7 Conclusions 
In this thesis the neurological areas of stroke, traumatic brain injury, Parkinson’s disease, 
multiple sclerosis and epilepsy are discussed, to evaluate what medical technology products 
that potentially could provide clinical value. A global mapping of 150 early stage medical 
technology companies was implemented. All the companies have emerging products within 
neurology and have undergone an evaluation by clinicians.  
 
The main topic became stroke due to the magnitude of the disorder and the cost to society. 
The lack of medical technology devices to fulfill the need contributed to specialization on 
stroke. The conclusions after the executed evaluation process were that the area of neurology, 
especially stroke, needs new accurate, fast and accessible diagnostics instruments. The 
treatments should move towards more non-invasive and minimal invasive oriented options to 
address the needs of minimal trauma during surgery. The rehabilitation process can be more 
effective to enable a higher understanding of possible treatment options on an individual 
basis. Developments of new rehabilitation treatments to stimulate plasticity also have future 
prospects.  
 
Medfield Diagnostics AB with their microwave screening product, could in the future address 
the need for fast, accurate and accessible diagnosis of stroke, head trauma and brain tumor 
location. The NBS system from Nexstim Ltd. has potential to provide clinical value by the 
ability of the products TMS technology to navigate in the brain. Elminda Ltd.’s product built 
on an evidence based rehabilitation platform could enhance recovery of patients with 
neurological disorders on an individual basis.  
 
General requests from the physicians are for devices that are easy to use and that can be 
implanted minimally invasively. BrainsGate Ltd.’s product to deliver drugs over the blood 
brain barrier provides totally new treatment options. NeuroSonix Ltd.’s ultrasound based 
product could assist the surgeon and decrease damageable embolic debris. Neurolife non-
invasive solutions Inc.’s innovative device, which non-invasively measured the intracranial 
pressure, would be a totally new way to monitor intracranial pressure. Thornhill Research 
Inc.’s product to measure brain activity and the biodelivery system from NsGene A/S have 
potential to provide clinical value.   
 
A symposium was organized to address the need to inform clinicians and venture capitalists 
about new innovative medical technology products. Three top ranked companies were given 
the opportunity to present their technologies, be evaluated by clinicians and discuss the future 
prospects with attending venture capitalists. The selected companies were Medfield 
Diagnostics AB, Nexstim Ltd. and Elminda Ltd., who were all well received and considered 
to have interesting technologies with potential to provide clinical value. 
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Appendix I, mind map of identified companies with innovations. 
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Appendix II, interview questions  
 

 
Intervjufrågor 
Presentation, bandning, intervjutid; 
 
Kan du berätta lite om dig själv? 
     Din forskning/tjänst 
     Vilken riktning tror du forskningen kommer ta i framtiden 
 
 
Frågor: 
 
1) Vilka är dom olika kliniska problemen idag? 
 
2) Vilka nuvarande tekniker fungerar tillfredsställande för tillfället? 
 
3) Är det någon särskilt teknik som du efterfrågar förbättringar inom? 
      Hur skulle den efterfrågade tekniken se ut? 
 
4) Vilka företag skulle det vara intressant att höra mer om på ett symposium? 
      (Visa mind map och power-point presentation med teknologier) 

Vilken del av teknologin är du tveksamt till och skulle vilja få utförligare information       
angående? 

 
5) Vilka kriterier ställs på produkten, för eventuellt inköp? (Rangordna betydelse) 
             Kliniska resultat – quality of life 
             Evidensbaserade kliniska studier   
             Förbättrad behandlingsmetod/diagnos jämte mot tidigare metoder   
             Ekonomiska aspekter 
             Hälsoekonomiska aspekter 
             Effektivitet ur perspektivet tid och kostnad 
             Användarvänlig teknik   
             Utbildningskrävande tekniker  
             Teknikens omfång av målgrupp 
             Mobil teknik 
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Appendix III, the Swedish invitation to the physicians. 
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Appendix IV, questionnaire for physicians at the symposium. 
 

 

Evaluation of companies 
 

1) Medfield Diagnostics; Microwave technology               (5=Excellent value ; 1=Less value) 

 
• Do you believe that this technology could provide                                  5       4        3       2        1 

a value for you as a clinician if it will deliver as described?                                         

 

• To what degree do you think that this technology could 

  

        impact the cost of care?                                                                                         

 

        impact the quality of life for patients?                                                                     

 

• If any, what would be your main objection against this concept? 

 

 

    

2) Nexstim; NBS system 
 

1.1.1.1. Do you believe that this technology could provide                                  5       4        3       2        1 

a value for you as a clinician if it will deliver as described?                                           

 

2.2.2.2. To what degree do you think that this technology could 

  

        impact the cost of care?                                                                                           

 

        impact the quality of life for patients?                                                                      

 

3.3.3.3. If any, what would be your main objection against this concept? 

 

 

    

 3) Elminda; Evidence based rehabilitation platform 

 
11 Do you believe that this technology could provide                                   5       4        3       2        1 

a value for you as a clinician if it will deliver as described?                                          

 

12 To what degree do you think that this technology could 

  

        impact the cost of care?                                                                                           

 

        impact the quality of life for patients?                                                                      

 

13 If any, what would be your main objection against this concept? 
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Evaluation of meeting                                       (5=Excellent value ;  1=Less value) 
 

                                                                                                                 5       4       3      2       1 

4) Was this meeting relevant?                                                                                                

   

5) Did the presentations have the appropriate focus?                                                             

     

6) If not, how should they be different? 

 

 

 

 

 

7) Would you be interested in participating in such meeting again?                                             

 

8) What topics would you like to address next time? 

 

 

 

 

   

6) Additional comments, suggestion of improvements of the meeting? 

 
 

 

 

 

 

 

 

 

     Please leave this questionnaire on your desk 
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Appendix V, list of identified companies with product description 
 
Company Product description Country Webpage 
 
 
ActiViews Ltd. Guidance systems for CT procedures Israel http://www.activiews.com  

Adaptive Neuromodulation GmbH Person adapted PD treatment Germany http://www.brainmodulation.de 

Algodyne Ltd. Non-invasive pain diagnosis Israel http://www.ilsi.org.il 

Antrad Medical AB Thawing blood plasma Sweden http://www.antrad.com 

Applied Spine Technologies Inc. Treatment of chronic lower back pain USA http://www.appliedspine.com 

Arbexa Industrier AB Microwave technology Sweden http://arbexa.com 

Archus Orthopedics Inc.  Treatment of chronic lower back pain USA http://www.archususa.com 

Aritech Inc. Atrial fibrillation stent treatment USA http://www.atritech.net 

Axiomed Spine Corporation Inc. Artificial lumbar disc USA http://www.axiomed.com 

Axogen Inc. Implant for nerveregeneration USA http://www.axogeninc.com 

Axongen AB Nerve regeneration graft Sweden http://www.axongen.se 

Benechill Inc. Therapeutic hypothermia USA http://www.benechill.com 

Benvenue Medical Inc.  Implant for spinal repair USA http://www.benvenuemedical.com 

BioControl Medical Ltd. Vagus nerve simulator Israel http://www.biocontrol-medical.com 

BioHug Technologies Ltd.  Non-invasive electro-therapy Israel http://www.ilsi.org.il 

BioLert Systems Ltd. Seizure foreworn system Israel http://www.biolertsys.com 

BioResonator AB Measurement of eye pressure Sweden http://www.bioresonator.com 

Biosan Medical Ltd. CSF drainage procedure Israel http://www.ilsi.org.il 

Bioservo Technologies AB Stength glove Sweden http://www.bioservo.com 

Biospace Medical Ltd. Low radiation x-ray device France http://www.biospacemed.com 

Biotectix LLC Invasive electrode and coating products USA http://www.alliedminds.com 

Biowave Inc. Non-invasive electro-therapy USA http://www.biowave.com  

Bonesupport AB Treatment of  vertebral fractures Sweden http://www.bonesupport.com 

Brain Products GmbH TMS device with integrated EEG Germany http://www.brainproducts.com 

BrainScope Company Inc. Brain activity collection system  USA http://www.brainscope.com 

BrainsGate Ltd. SPG stimulator Israel http://www.brainsgate.com 

Brainsway Inc. Non-invasive- Deep TMS stimulator Israel http://www.brainsway.com  

Bridgepoint Medical Inc. Guidewires treatment USA http://www.bridgepointmedical.com 

Candoz AB Aneurysm occluder Sweden 

Capnia Inc. Gas delivery system USA http://www.capnia.com 

Cardiodex Ltd. Vascular closure device Israel http://www.cardiodex.com 

Cephalogics LLC DOT device USA http://www.cephalogics.com 

CeraPedics Inc. Drug delivery putty  USA http://www.cerapedics.com 

Clinical Laserthermia Systems AB Brain cancer treatment by laser technology Sweden http://www.lumitec.se 

Coaxia Inc. Endovascular catheter treatment  USA http://www.coaxia.com 

CoreSpine Technologies LLC Complete nucleus removal treatment USA http://www.corespinetech.com 

CorTechs Labs Inc. Stereotactic MRI software USA http://www.cortechslabs.com 

Cyberkinetics Inc. Implantable electro-therapy USA http://www.cyberkinetics.com 

Devax Inc. Treatment of atherosclerosis USA http://www.devax.net  

Elminda Ltd. Evidence-based rehabilitation platform Israel http://www.elminda.com 

eToims® Medical Technology Inc. Cronic pain treatment USA http://www.stopmusclepain.com 

Eye Tect LLC Monitor of the brainstem USA http://www.eyetect.net 

EyeMarker Systems Inc. Ocular scanning instrument USA http://www.eyemarkersystems.com 

Gel Delivery Solutions BV  Drug delivery system Netherlands 

Genesis Medical Interventional Inc. Endovascular catheter treatment USA http://www.genesismedical.net 

Illumasonix LLC Non-invasive blood flow measurement device USA http://www.alliedminds.com 

InfraScan Inc. Detector of brain hematoma USA http://www.infrascanner.com 

Innercool Inc. Therapeutic hypothermia USA http://www.innercool.com 

Inspire MD Ltd. Stents for embolic thrombosis prevention Israel http://www.inspire-md.com 

Intelect Medical Inc. Implantable DBS system USA http://intelectmedical.com 

Intellewave LLC Heart Rate Variability analysis device USA http://www.intellwave.com  

Intrinsic Therapeutics Inc. Treatment of disc herniations USA http://www.in-or.com 

ITGI Medical Ltd.  Stent to prevent embolism Israel http://www.itgimedical.com 
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Kappametrics Inc. Brain activity instrument USA http://kappametrics.com 

Kinetic Muscles Inc. Upper limb rehabilitation device USA http://www.kineticmuscles.com 

Leptos Biomedical Inc. Cronic obesity treatment USA http://www.leptosbiomedical.com 

LifeBond LLC Surgical sealants Israel http://www.life-bond.com 

Likvor AB Instrument to assess CSF parameters Sweden http://www.likvor.com 

LineaGen Inc. Biomarker diagnosis USA http://www.lineagen.com 

MagForce Nanotechnologies AG Brain tumor treatment Germany http://www.magforce.de 

Magstim Company Ltd. tDCS device UK http://www.magstim.com 

Magstim Company Ltd. TMS navigation system UK http://www.magstim.com 

Mazor Surgical Technologies Ltd. Stereotactic software  Israel http://www.mazorst.com 

Mazor Surgical Technologies Ltd. Pre-operatively software planner Israel http://www.mazorst.com 

MedaSense Ltd. Non-invasive pain monitoring device Israel http://www.ilsi.org.il 

Medfield Diagnostics AB Microwave therapy Sweden http://www.medfielddiagnostics.com 

Medic Vision Ltd. Automated diagnosis system of CT images Israel http://www.ilsi.org.il 

Medical Metrics Inc. Software for radiographic analysis USA http://www.medicalmetrics.com 

MediGuide Ltd. 3D visulization tracking system Israel http://www.mediguide.co.il 

Meditouch Ltd. Interactive media instrument Israel http://www.meditouch.co.il 

Medtrode Inc. Neuromodulation therapy Canada http://www.medtrode.com 

Mentis Cura ehf Diagnosis of degenerative diseases Iceland http://www.mentiscura.is 

MicroTransponder Inc.  Painrelief treatment USA http://www.microtransponder.com 

MIPS AB TBI prevention system Sweden http://www.mipshelmet.se 

Monteris Medical Inc. Brain cancer radiation treatment Canda http://www.monteris.com 

Neomend Inc. Vascular sealants USA http://www.neomend.com 

NeoVista Inc. Radiation system for retina treatment USA http://www.neovistainc.com 

Nervo Corporation Inc. Implanable cronic pain treatment USA http://nevrocorp.com 

Neuralieve Inc. TMS device USA 

Neuro Diagnostic Devices Inc. Device to monitoring CSF parameters USA http://www.neurodiagnosticdevices.com 

NeuroConn GmbH tDCS device Germany http://neuroconn.de 

Neurodan A/S Neural prostheses for incontinence patients Denmark http://www.neurodan.com 

NeuroDerm Ltd  Trans dermal delivery system Israel http://www.neuroderm.co.il  

NeuroLife Noninvasive Solutions Inc Measurements of intracranial pressure USA http://goliath.ecnext.com 

NeuroMetrix Inc. Nerve conducting system of electrodes USA http://www.neurometrix.com 

Neuronetics Inc. TMS device to treat depression USA http://www.neuronetics.com 

NeuroNexus Technologies Inc. MRI-compatible DBS USA http://www.neuronexustech.com 

NeuroPace Inc. Refractory partial epilepsy treatment device USA http://www.neuropace.com 

NeurOptics Inc. Hand-held pupillometers  USA http://www.neuroptics.com 

Neurosonix Ltd. Non-invasive ultrasound device Israel http://www.neurosonix.co.il 

Neurotech Inc. Encapsulated cell delivery technology USA http://www.neurotechusa.com 

NeuroVista Corporation Inc. Implant to forewarn of seizures USA http://www.neurovista.com 

Nexgen Spine Inc. Artificial lumbar disc USA http://www.nexgenspine.com 

NexSig Ltd. Diagnosis of degenerative diseases Israel http://www.nexsig.com  

Nexstim Ltd. NBS system Finland http://www.nexstim.com 

Nfocus Neuromedical Ltd. Aneurysm occluder USA http://www.nfocusneuro.com 

Northstar Neuroscience Inc.  Cerebral cortex stimulator USA http://www.northstarneuro.com 

NovaVision Inc. Vision restoration therapy USA http://www.novavision.com 

NsGene A/S EC-biodelivery system Denmark http://nsgene.dk 

OBOE Player AB Conjugated polymers Sweden 

Omneuron Inc. Real-time MRI software USA http://www.omneuron.com 

Oncolog Medical AB Process-oriented  CT solutions Sweden http://www.oncologmedical.com 

Optima Neuroscience Inc. EGG viewer software USA http://www.optimaneuro.com 

Orasi Medical Inc.  Diagnosis by MEG device USA http://www.orasimedical.com 

Ornim Inc. Diagnosis of oxygen saturation Israel http://www.ornim.com  

Orsan Medical Technologies Ltd. Device to monitoring brain perfusion Israel http://www.ilsi.org.il 

OrthoData Inc. Spine damage diagnosis  USA 

Ortoviva AB  Artificial disc Sweden http://www.ortoviva.com 

PEAK Surgical Inc. Electrosurgery scalpel USA http://www.peaksurgical.com 

Penumbra Inc. Endovascular catheter treatment USA http://www.penumbrainc.com 

PhotoThera Inc. NIR treatment device USA http://www.photothera.com 
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PIXRAY Imaging Ltd. Portable digital x-ray device  Israel http://www.pixrayimaging.com   

Promimic AB Bone cement Swden http://www.promimic.com 

Provista Life Sciences Inc. Blood diagnosis test for AD USA http://www.provistals.com 

Pulsar Vascular Inc. Aneurysm occluder USA http://www.pulsarvascular.com 

QuickCool AB Therapeutic hypothermia Sweden http://www.quickcool.se 

Rafael Medical Technology Inc. Embolic stroke treatment Israel http://www.rafaelmedical.com 

Relievant MedSystems Inc. Artificial vertebrate disc USA 

Second Sight Inc. Visual eye prosthetics USA http://www.2-sight.com 

Sense Graphics AB Haptic rehabilitation device Sweden http://www.sensegraphics.com 

SensiMed AG  Intraocular pressure monitoring device Switzerland http://www.sensimed.ch 

SensoDetect AB Brainstem evoked response audiometric device Sweden http://www.sensodetect.com 

Sherlock-NMD Inc. Non-invasive biomechanical diagnosis USA http://www.sherlock-nmd.com 

Sirius IS Ltd. Micro generator to harvest body energy Israel http://www.yozmot.org  

Sonenco Ltd. Drug delivery system Israel http://www.yozmot.org  

Spastiflex AB Diagnosis of spasticity Sweden http://www.innovationsbron.se 

Spinal Elements Inc. Facet arthroplasty system USA http://www.spinalelements.com 

Spinal Elements Inc. Artificial vertebrate disc USA http://www.spinalelements.com 

Spinal Kinetics Inc.  Artificial disc  USA http://www.spinalkinetics.com 

Spine Wave Inc. Artificial vertebrate disc USA http://www.spinewave.com 

Spine Wave Inc. Injetible geldisc USA http://www.spinewave.com 

SpineMatrix Inc. Lumbar matrix scan USA http://www.spinematrix.com 

SpineMedica Inc. PVA-based polymer USA http://www.mimedx.com 

Surpass Medical Ltd.  Aneurysm occluder Israel http://www.surpass-med.com  

Symbios Medical Products LLC Pain relief pump USA http://www.symbiosmedical.com 

Synapse Biomedical Inc. Diaphragm pacing system USA http://www.synapsebiomedical.com 

Thermal Therapeutic Systems Inc. Thermal regulatory system USA http://www.thermaltherapeutics.com 

Thornhill Research Inc. Cerebrovascular reactivity measurement device Canada http://www.thornhillresearch.com 

TissueGen Inc.  Drug delivery system USA http://www.tissuegen.com 

Trans1Inc. Percutaneous lumbar fusion system USA http://www.trans1.com 

Tyromotion GmbH Upper limb rehabilitation device Austria http://www.tyromotion.at 

UmanDiagnostics AB Neurofilament diagnosis Sweden http://www.umandiagnostics.se 

Victhom human bionics Inc. Mobility rehabilitation implant Canda http://www.victhom.com 

VitalMedix Inc. Drug delivery device USA http://www.vitalmedix.com 

Vyteris Inc. Non-invasive drug delivery system USA http://www.vyteris.com 

XCounter AB 3D tomosynthesis imaging instrument Sweden http://www.xcounter.se 

Xylos Corporation Inc. Dura mater implant USA http://www.xyloscorp.com 
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