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ABSTRACT

INTRODUCTION: The role of technology in health care is getting increasingly important. Every
year a huge number of medical devices are entering the health care market, with the goal to
maintain and/or improve health through better diagnosis, treatment and monitoring. One
emerging field in medical device development is the use of imaging technologies for diagnosis
and monitoring of different diseases. This study focusses on a new imaging technology for
diagnosis and monitoring of rheumatoid arthritis that is currently under development at the
University of Twente.

AIM: Aim of this study is to access the potential of this new imaging technology for diagnosis and
monitoring of rheumatoid arthritis in current and future health care settings.

METHOD: A needs assessment was conducted in an early phase of the development process of a
new medical device for diagnosis and monitoring of rheumatoid arthritis. An analysis of
guidelines and recommendations for rheumatoid arthritis in the United Kingdom, the
Netherlands and Germany was performed. A SWOT analysis of MRI, Ultrasound, X-ray, CT scan
and the new medical device was done, to identify advantages and disadvantages of the different
imaging devices and identify possible needs. Importance of characteristics of imaging device for
diagnosis and monitoring of rheumatoid arthritis and the performance of different imaging
devices on these characteristics were established by a self-administered questionnaire.

RESULTS: Analysis of guidelines and recommendations in the Nederlands, the United Kingdom
and Germany have shown that imaging devices are going to play a greater role in diagnosis and
monitoring of rheumatoid arthritis. The care pathway is roughly the same in the three countries.
However, guidelines differ in their recommendations about the areas of application of the
different devices. Quantitative research among rheumatologists revealed that sensitivity,
specificity and quality of the images are the most important characteristics for imaging devices.
Least important characteristics were duration of scan and visualization of blood vessels.
Qualitative research among rheumatologists showed that there is a great interest in devices that
are immediately available when required and are easy to use. Furthermore rheumatologists are
getting more aware of the need for early diagnosis. Rheumatologists wish to conduct faster
measurements and quantitative measurements. Devices should be less complex and patient data
about diagnosis and monitoring should be stored conform and centrally over time.

CONCLUSION: The new imaging technology that is under development at the University of
Twente might play a part in the discovered issues of diagnosis and monitoring in rheumatoid
arthritis, if test results indicate a good performance on characteristics that are perceived as
important by rheumatologists and the device is less costly than MRI. More awareness of the
importance of certain characteristics could lead to greater value of the device for its users.
However, estimations are difficult to make, as the device is in such an early stage of
development.
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INTRODUCTION

The health care market is subject to changes. Through new insights and developments from
science, new possibilities for diagnosis, treatment and monitoring of different diseases are
opening up. Furthermore there is an increasing demand for improved health care from society.
A huge number of new technologies are developed each year and are entering the health care
market.

The development of new technologies is one of the driving factors in rising health care costs. As
can be seen from Figure 1, Drugs, Medical Devices and other medical advances contribute 22%
of the overall increase in health care costs between 2001 and 2002.

The Factors Driving Rising Costs in Healthcare (2001-2002)
Litigation & Risk Other
Management 5% General Inflation (CPI)
7% 18%

Increased Consumer
Demand
15%

Drugs. Medical Devices
& Other Medical
Advances
Govemnment Mandates 22%
& Regulation
15%

Rising Provider
Expenses
18%

Figure 1: The Factors Driving Rising Costs in Health care (2001-2002) [1]

As in every other market, the resources available in the health care market are scarce[2].
Therefore resources need to be allocated carefully and different new technologies need to be
traded against each other. According to Grimes [3], “some new technologies have clearly
improved health and reduced costs, other have not”. Decision-makers need to decide which new
technology is worth adapting. During this process, they can make wrong decisions, which might
lead to the adaption of an unnecessary technology or the rejection of a necessary technology
(Figure 2).

Dissemination
Adopted Not adopted
Good Appropriate Errqr of.
use underdiffusion
Net value
of innovation
Error of Appropriate
Bad overdiffusion nonuse

Figure 2: Dissemination and Net value of innovation [4]



Both cases are not desirable, as they can have bad consequences for health and health care.
Overdiffusion might lead to the introduction of errors and adverse events. Error of
underdiffusion might lead to an unfulfilled gap in the market [4].

HEALTH TECHNOLOGY ASSESSMENT

Health Technology Assessment (HTA) provides decision-makers with the ability to decide
whether a medical device is worth adapting, considering social consequences in the short and
long term [5-9]. HTA includes different aspects and research disciplines, such as medical
effectiveness, cost expenses, organizational aspects etc. (Figure 3).

Medical
effectivenass

Medical-
biclogical

Epidemiclogy
demography

Cost
expenses

aspects

Organizational ) Legal & ethical
aspeclts aspects

Figure 3: Different aspects of HTA [10]

Traditionally, HTA is applied after the first clinical use of a medical device. A device at this stage
is already in prototype form and might even be on the market. Important targeting and design
decisions have been made prior to this stage that influences the potential uptake of the design in
the future.

Medical product development is a very complex process that starts with basic research on
mechanisms and ends with (global) market access and pricing: In all these phases different
stakeholders are playing a role and various decisions have to be taken when considering the
diverse aspects in the assessment of new products. [Jzerman & Steuten [11] developed a
flowchart that presents the medical product development process and the uncertainty that
surrounds it.
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Figure 4: A simplified flowchart of the stages in medical product development

Four stages of medical product development can be distinguished: 1. Basic research, 2.
Translational research, 3. Clinical research, 4. Access and pricing. In the early stages of the
medical product development, uncertainty is high and mostly about the design and the
performance of the product as well as uncertainty about future implementation of the device.
During the medical product development path, the uncertainty about the design and the
performance decreases, and uncertainty relates to market access, coverage and reimbursement
decisions.

Although HTA is usually performed in later stages of medical product development, HTA can be
performed in all four stages of medical product development. In Figure 4 a distinction between
very early HTA, early HTA and main stream HTA plus horizon scanning is made. In recent years,
earlier assessment has gained momentum.



EARLY HEALTH TECHNOLOGY ASSESSMENT

Lately governments and industries have shown an increased interest in the assessment of new
products in earlier stages of medical product development. It is a result of an increased pressure
to maximize the revenues of the investments in medical product development [12]. The
performance of HTA in an earlier stage of the medical device development process - early HTA -
can help to prevent (costly) failures of a technology and (at that stage) difficult adjustments [13].
Through early HTA government and industry can identify the devices that are most likely to
generate value for money. Manufacturers also seek to steer their research and development (R &
D) more effectively. Early HTA includes the assessment of (likely) safety, effectiveness, cost
effectiveness, market size, patient needs, barriers and facilitators and product specifications[11,
14]. Early HTA gives decision support on technology design and strategic management for
developers and investors. Because early HTA takes place before first clinical use, the available
evidence is based on prototype testing, animal studies, expert opinions and outcomes from
similar technologies[15].

In early stages of development of medical devices the focus set by the developers is mostly on
technical development.

“We ourselves are currently primarily looking at the technological side of the device” - [16]

However, the success of the medical device to the company is determined by whether there is
actually a market for the device in health care. Ultimately, whether the end-user is willing and
able to use the device and actually benefit from it is determined by the need for the device.



AIMS AND OBJECTIVES OF THIS STUDY

At present, at the University of Twente, a Photoacoustic Imager for diagnosis and monitoring of
rheumatoid arthritis is being developed. We aim to evaluate this device (Box 1).

The medical device is currently in the prototype product development stage, which is in phase
two of the flowchart presented in Figure 4: translational research. The device has not been
applied in a clinical setting yet and no clinical trials with patients have been performed. The
clinical potential of the device is thus undetermined.

Different decision problems occur in the prototype product development stage. The industry
needs to make a decision on whether or not to invest in further R & D and to decide on
marketing the product. The government needs to decide if they should invest in the new medical
device in order to stimulate economic growth and gain health benefits. Clinical and basic
research centers are addressing questions about the research focus and the fit of the project in
their portfolio.

For the Photoacoustic Imager it is not clear where the medical device should be implemented.
At present, it is unknown whether potential users of the medical device have a need for a novel
diagnostic and monitoring tool for rheumatoid arthritis, and what the relative advantage of the
Photoacoustic Imager is.

RESEARCH QUESTION

The main research question of this thesis is:

What is the potential of the Photoacoustic Imager for the diagnosis and monitoring of
rheumatoid arthritis in current and future health care settings?

In order to answer the main research question, the following subquestions need to be answered:

1. What is the current care pathway of rheumatoid arthritis?
1.1. Which imaging devices are playing a role in diagnosis and monitoring of rheumatoid
arthritis?
1.2. What are advantages and disadvantages of the different imaging devices?

2. What is the appropriate place for the Photoacoustic Imager in the care pathway?
2.1. What are the main problems in diagnosis and monitoring of rheumatoid arthritis?
2.2. What are trends and changes in diagnosis and monitoring of rheumatoid arthritis?

3. What are user needs in diagnosis and monitoring of rheumatoid arthritis?
3.1. What are important characteristics of diagnosis and monitoring devices for
rheumatoid arthritis?
3.2. What are user’s opinions about characteristics of current devices?
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Box 1: Confidential
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METHOD

SWOT -ANALYSIS

A SWOT analysis was performed for RAPACT and its (main) competitors (MRI, CT-scan, X-ray,
Ultrasound) to identify strength, weaknesses, opportunities and threats of the devices. An
overview of the different imaging devices and their advantages and disadvantages was made.
Furthermore information about future developments in the field of diagnosis and monitoring of
rheumatoid arthritis, which might stimulate or hinder the diffusion of the devices were
identified.

To identify advantages, disadvantages, trends and changes in diagnosis and monitoring of
rheumatoid arthritis, Google Scholar, PubMed, Web of Science and Scopus were searched, with
the keywords “diagnosis”, “monitoring”, “rheumatoid arthritis”, “trends”, “changes”,
“opportunities”, “shift”, “adjustment”, “advance”, “modification”, “innovation”, “’imaging
devices”, “MRI”, “Ultrasound”, “X-ray”, “CT-scan”, “advantages”, “disadvantages” which were
used in different combinations. Furthermore the references of selected papers were checked for
other related research. References of interest were selected through scanning the titles. When
the title seemed of interest, the abstract of the article was scanned. A reference was considered

for further investigation when the keywords appeared.

Pathways and guidelines for diagnosis and monitoring of rheumatoid arthritis in the
Netherlands, the United Kingdom and Germany were examined and checked upon (recent)
changes. The pathways and guidelines have been investigated with a special focus on the role
imaging technologies are playing in these pathways/guidelines.

USER RECRUITMENT AND DATA COLLECTION

A self-administered questionnaire was developed with the online software tool Survey Monkey
(Appendix G). Target group of the questionnaire were rheumatologists from the Netherlands,
the United Kingdom and Germany. Respondents for the questionnaire were reached through the
online newsletter of the British Society for Rheumatology and E-Mails provided by the
researcher to different hospitals and rheumatologists. Data collection was performed from
August 2013 until September 2013. Pilot testing was performed in July 2013 with two experts in
the field of early HTA, a rheumatologist and a Health Sciences student. A total of 38
rheumatologists from the Netherlands, the United Kingdom and Germany participated in the
questionnaire.

SELF-ADMINISTERED QUESTIONNAIRE

The self-administered questionnaire was structured in five parts.

The first part was about diagnosis and monitoring of Rheumatoid Arthritis. Aim of this part was
to examine if rheumatologists use imaging devices for diagnosis and monitoring of rheumatoid
arthritis, and if yes, which devices they are using, how important 10 different characteristics of
imaging devices are and how satisfied rheumatologists are with these 10 characteristics with
regard to different imaging devices. The characteristics were identified through literature study
and consultation of a rheumatologist. The characteristics identified were: Sensitivity, Specificity,
Quality of the images, Duration scan, Assessment of big joints, Visualization of blood vessels,
Visualization of damaged bone and cartilage, Visualization of tendons and ligaments, Subjective
quantification of effect of therapy and objective quantification of effect of therapy. The

12



importance of the 10 characteristics was assessed through five point Likert type scales.
Rheumatologists were asked to indicate on a five point Likert type scale how satisfied they are
with the imaging devices they are using for diagnosis and monitoring of rheumatoid arthritis.
Furthermore a question about problems that might encounter in using imaging devices for
diagnosis and monitoring of rheumatoid arthritis was asked.

In the second part the concept “future developments in rheumatoid arthritis” was assessed by
asking respondents to come up with the most important future developments in diagnosis and
monitoring of rheumatoid arthritis.

In the third part future trends and important characteristics that might not been included in the
first part of the questionnaire were assessed by asking rheumatologists to indicate three
changes in diagnosis and monitoring of rheumatoid arthritis and to describe the ideal diagnostic
and the ideal monitoring tool.

The fourth part introduced the medical device from the case study. In the fourth part opposing
adjectives were used to examine how important the advantages and disadvantages of the device
would be, how large participants estimate the additional value of the device for their daily
practice and how they estimate the future demand for the device. In the fifth part data about
background information (years of experience and number of patients per month) was gathered.

The self-administered questionnaire contained open-ended and closed-ended questions. The
open-ended questions were used to validate and embellish the quantitative survey findings [17].
Concepts that are ambiguous were defined in the questionnaire to avoid misunderstanding.

The qualitative data was analyzed with a technique called coding. For coding of the qualitative
data the software program Atlas.ti was used. The first step during this analysis was open coding.
All qualitative data was used to identify similarities and differences and make an initial
classification and labeling of the different concepts found. After the open coding all data was
reanalyzed to identify important, general concepts of the data (axial coding)[18, 19].

The quantitative analysis of the self-administered questionnaire was performed using SPSS
software version 20 and Excel 2010. Basic statistics (frequency, mean, mode, variance and
standard deviation) were determined for background information.

The answers to the Likert type scale questions in the questionnaire were allocated numbers/a
score, assuming a linear relation, with 5 points for the most positive answer (Very important/
Very satisfied) and 1 point for the least positive answer (Very unimportant/ Very dissatisfied).
Weighted averages of these answers were calculated in order to identify the most important
criteria and which criteria scored best with regard to satisfaction for each device. Ranges, mode,
minimum and maximum were calculated for the importance and the satisfaction of the different
criteria (Appendix F). Furthermore the overall satisfaction of all criteria was calculated per
device.

13



RESULTS

RHEUMATOID ARTHRITIS

Rheumatoid arthritis (RA) is a chronic autoimmune disease that affects the joints of the wrist
and fingers. It causes pain, swelling, stiffness and loss of function in the joints [20, 21].
Furthermore many other organs can be affected, causing for example severe lung fibrosis.
Rheumatoid arthritis is associated with an increased prevalence of coronary artery disease and
an increased risk of premature mortality[22]. The symptoms vary from person to person, and
even per day. It begins between the ages of 30 and 60; men get it mostly later in life than women
[23].

PATHOPHYSIOLOGY

In rheumatoid arthritis, the joints that are lined with synovium are affected the most. Small
joints of the hands and feet are affected, mostly with symmetrical distribution.

Rheumatoid arthritis is an autoimmune disease; this means that antibodies in the human body
are attacking the tissues in the joint. If the synovial membrane is attacked by antibodies
(activated white blood cells), it gets inflamed. In a healthy person, the synovial membrane is a
thin layer. In an inflamed joint, the antibodies lead to a thickening of the synovial membrane
(pannus). Furthermore blood vessels

might be inflamed. The thickened a b
synovium membrane (pannus) leads to
the destruction of cartilage and bone in
the joint. Tendons and ligaments in the R
joint are weakened. As a result, the joint Joint capaude Abroblast
gets unshaped/bulky (Figure 6) [20, 24- Syronid Pareus — R0
26] . membrane B T el
c e :‘.:;:‘r.) cel
Cartilage — Newtrophi i:x;;g;::cm
Mast cell

Hypemplastic
synavial lining

Figure 6: Schematic overview of a normal joint (a) and a joint affected by

rheumatoid arthritis (b) [27]
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THE CARE PATHWAY OF PATIENTS WITH RHEUMATOID ARTHRITIS

The care pathway of patients with rheumatoid arthritis is roughly the same for the Netherlands,
the United Kingdom and Germany.

( Y4 ) )
Person with
suspected First
Rheurpz_)tmd Investigation Refer_ral_for Further Communication . Monitoring and
arthritis or through specialist . L . Managing P
gy investigations and education reviewing
suspected General opinion
persistent Practitioner
synovitis
\. \. \. J J

Figure 7: A schematic, simplified care pathway of rheumatoid arthritis [28]

The first contact point for a person with suspected rheumatoid arthritis or suspected persistent
synovitis is normally the General Practitioner. The General Practitioner makes the first physical
investigation and anamnesis of the patient. In the Netherlands and the United Kingdom, the
General Practitioner has a gatekeeping function to restrict access to secondary care[29, 30].
After the initial diagnosis of rheumatoid arthritis the patient is referred to a rheumatologist.

Diagnosis of rheumatoid arthritis is based on clinical, laboratory and imaging tests[31].

15



There are differences in the guidelines of the United Kingdom, the Netherlands and Germany
about when to assume suspected rheumatoid arthritis and when the patient should be referred
to a rheumatologist (Figure 8).

United Kingdom The Netherlands Germany
Symptom Duration > 3 weeks = 3-4 weeks = 6 weeks
Morning Stiffness > 30 minutes > 30 minutes > 60 minutes
Synovitis = 1 joint = 1 joint = 2 jointregions
Time Frame referral Within 3 working Patients with Within 2 weeks

Other/ Additional

days of presentation

There has been a
delay of > 3 month
between onset of
symptoms and
seeking medical
advice

symmetrical arthritis
in three or more
joints should visit a
rheumatologist
within 2 weeks.

Pressure pain at the
metacarpophalangeal
joints (MCP’s) or
metatarsophalangeal
joints (MTP’s)

Figure 8: Referral differences in the United Kingdom, the Netherlands and Germany [22, 32, 33]

The guidelines are mostly in line with the recommendation of the European League Against
Rheumatism (EULAR), which states that “Arthritis is characterised by the presence of joint
swelling, associated with pain or stiffness. Patients presenting with arthritis of more than one
joint should be referred to, and seen by, a rheumatologist, ideally within six weeks after the
onset of symptoms” [34]. It should be noted that these criteria are no diagnostic criteria for

rheumatoid arthritis. The classification criteria might serve as a guide for the diagnosis. This
leads to differences within and between countries about guidelines and their adherence. See
appendix B for the complete list of recommendations.

All guidelines also refer to the American College of Rheumatology (ACR) and EULAR

classification criteria for rheumatoid arthritis.

After the definitive diagnosis of rheumatoid arthritis, the patient needs to be informed about the

disease and further management. The disease needs to be monitored in order to chart disease

progression and determine appropriate treatment. Monitoring and evaluation of rheumatoid
conducted subjectively and through laboratory and/or imaging tests. To measure disease
activity and functionality, different measurement methods can be applied, such as the ACR
criteria, the ACR response criteria, ACR remission criteria, the health assessment questionnaire
(HAQ), the rheumatoid arthritis disease activity index (RADAI), disease activity score (DAS),
radiologic progression (Sharp and Larsen method), WHO-ILAR core set, EULAR OMERACT -
RAMRIS, the simplified disease activity index (SDAI) and the clinical disease activity index
(CDAS). For an overview of the different methods to measure disease activity and functionality,

see appendix A.
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MAIN PROBLEMS IN DIAGNOSIS AND MONITORING OF RHEUMATOID
ARTHRITIS

One of the main problems of diagnosis in rheumatoid arthritis is that there are no disease-
specific diagnostic features, because not all patients with rheumatoid arthritis have a clear
clinical picture and the range of symptoms and its characteristics vary per patient and stage of
disease[35].

It is suggested that diagnosis and referral of rheumatoid arthritis in an early stage of the disease
is very important in order to prevent joint damage, achieve better disease control and improved
outcomes in terms of lost productivity. [36-41].

At present, there is a long lag time between symptom onset and first definite diagnosis. Many
factors contribute to this lag time.

1. Access issues: Access to a specialist is difficult because there are not enough
rheumatologists for the number of patients. In 2006, 579 rheumatologists were working
in Germany but the German Society for Rheumatology stated that 1350 rheumatologists
are needed, which is a shortcoming of 771 rheumatologists [42]. To overcome existing
demand and fulfill future demand, the number of rheumatologists that is in education
must be considerably raised [43].

2. Financial issues: The time consuming monitoring and diagnosis is not sufficiently
reimbursed, which can result in treatment delay of anti-rheumatic drugs [44, 45].

3. Patient’s perception: Patients wait too long before seeking medical advice because
they do not recognize the gravity of the situation [46, 47].

4. Physician’s confidence and expectation: A low perception of the specialist’s
competence and/or high confidence of the General Practitioner are linked to nonreferral
to a specialist [48-53].

5. SKkills: Diagnosis of early rheumatoid arthritis is often difficult for the General
Practitioner [50, 53].

6. Definitions: To complicate the diagnostic process, there is no consensus among
rheumatologists about the definition of “early rheumatoid arthritis”. A study by Aletaha
etal. (2002) among 42 rheumatologists revealed that 37.2% use the term early
rheumatoid arthritis if the symptom duration is less than three months, and about 30.2
% if the symptom duration is less than six months, which shows that there are still
rheumatologists who do not define early rheumatoid arthritis in line with guidelines,
recommendations and studies [54-56].

As mentioned earlier, diagnosis and referral in early rheumatoid arthritis can improve outcomes
significantly. With regard to the earlier mentioned lag time between symptom onset and first
definite diagnosis, improvement of the referral process is needed.

Another issue about diagnosis and monitoring of rheumatoid arthritis concerns registry of data
on patients with rheumatoid arthritis. National registers do not exist or do not cover all
patients. This results in uncertainty about the number of diagnosed patients, the professional
who made the diagnosis, in what timeframe the diagnosis was made, which therapy is applied
and with what success. This makes it more difficult to monitor different treatment approaches
and follow-up of patients [57].
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THE ROLE OF IMAGING DEVICES IN GUIDELINES FOR RHEUMATOID ARTHRITIS

Through the whole care pathway, imaging devices are used for diagnosis and monitoring of
rheumatoid arthritis.

In 2013, the EULAR gave recommendations for the use of imaging of the joints in the clinical
management of rheumatoid arthritis (Figure 9).

EULAR recommendations

When there is diagnostic doubt, CR, ultrasound or MRI can be used to improve the certainty of a
diagnosis of RA above clinical criteria alone.

The presence of inflammation seen with ultrasound or MRI can be used to predict the
progression to clinical RA from undifferentiated inflammatory arthritis.

Ultrasound and MRI are superior to clinical examination in the detection of joint inflammation;
these techniques should be considered for more accurate assessment of inflammation.

CR of the hands and feet should be used as the initial imaging technique to detect damage.
However, ultrasound and/or MRI should be considered if conventional radiographs do not
show damage and may be used to detect damage at an earlier time point (especially in early
RA).

MRI bone oedema is a strong independent predictor of subsequent radiographic progression in
early RA and should be considered for use as a prognostic indicator. Joint inflammation
(synovitis) detected by MRI or ultrasound as well as joint

damage detected by conventional radiographs, MRI or ultrasound can also be considered for
the prediction of further joint damage.

Inflammation seen on imaging may be more predictive of a therapeutic response than clinical
features of disease activity; imaging may be used to predict response to treatment.

Given the improved detection of inflammation by MRI and ultrasound than by clinical
examination, they may be useful in monitoring disease activity.

The periodic evaluation of joint damage, usually by radiographs of the hands and feet, should be
considered. MRI (and possibly ultrasound) is more responsive to change in joint damage and
can be used to monitor disease progression.

Monitoring of functional instability of the cervical spine by lateral radiograph obtained in
flexion and neutral should be performed in patients with clinical suspicion of cervical
involvement. When the radiograph is positive or specific neurological symptoms and signs are
present, MRI should be performed.

MRI and ultrasound can detect inflammation that predicts subsequent joint damage, even when
clinical remission is present and can be used to assess persistent inflammation.

Figure 9: Recommendations EULAR [58]

In the EULAR recommendations for the management of early arthritis ultrasound, power
Doppler and MRI are regarded as helpful tools in addition to clinical examination in doubtful
cases. Furthermore radiographs are recommended as a method to assess structural damage of
the hands and feet every 6 to 12 months during the first years [34].

However, use and perceived use of imaging devices in the care pathway differs among countries.

According to the guideline “Diagnostiek en behandeling van reumatoide artritis”of the Dutch
Association of Rheumatology [32] X-ray is of little importance in diagnosis of rheumatoid
arthritis. Reason for this is that negative findings of an X-ray do not exclude the disease.
However, in a later stage of the disease, X-rays are important for evaluation of disease progress.
The guideline furthermore recommends the use of MRI if there is suspicion of osteonecrosis.
Besides that, no other imaging devices are mentioned in the guideline.
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In the National clinical guideline for management and treatment of adults with rheumatoid
arthritis in the United Kingdom the limited use of X-ray in the early stages of rheumatoid
arthritis is also recognized. However, X-rays of the hands and feet are considered as helpful in
early (persistent) synovitis, because erosive damage can be detected despite all other tests being
normal. In this consideration it is also taken into account that x-rays are a “readily accessible
base-line for future determinations of disease progression”. The guideline states that ultrasound
and small joint MRI might replace X-rays in the future if they become more widely available and
the importance of early inflammatory and erosive changes becomes more apparent, but that X-
ray remains the golden standard. The guideline only recommends an urgent MRI scan in case of
suspicion of cervical myelopathy [22].

In the guideline of the German Society of Rheumatology, are x-rays of the right and left hands
and feet an essential part of the primary diagnosis. However they state that x-rays are of no use
in early rheumatoid arthritis. X-rays are only useful to exclude bone fractures. Ultrasound
(including Power Doppler) and MRI are perceived as methods that can detect structural joint
and bone changes as well as joint effusion earlier than x-rays. MRI and Scintigraphy are
perceived as useful for a better presentation of changes in the bone metabolism. Power Doppler
Ultrasound and MRI are perceived as the best methods to detect early signs of reversible
structural changes of rheumatoid arthritis like an increased vascularization of the proliferated
synovium and bone narrow oedema. However it should be noted that MRI is not routinely
performed [33].
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SWOT ANALYSIS

In order to access the advantages and disadvantages of the different imaging devices, as well as
possible pitfalls and opportunities on the market, a SWOT analysis was performed. The analysis
was performed with a focus on rheumatoid arthritis. The complete SWOT analysis tables are
displayed in Appendix D.

MRI

Magnete Resonance Imaging (MRI) is a well-established technology that is mostly used in
monitoring of rheumatoid arthritis. MRI could also be used in diagnosis to improve certainty of
the diagnosis. The images MRI provides give a good overview of the articular surfaces and
internal bone structure. Synovitis, Bone Marrow Oedema, Cartilage, ligaments, tendons and
tendon sheaths as well as intra- and extra- articular fluid collections can be assessed. MRI is
painless but some patients might feel uncomfortable, as a scan takes 15-90 minutes and there is
a risk of getting claustrophobic. Furthermore the use of contrast dye could harm patients.
Another disadvantage of MRI is that it is costly and not widely available, which causes long
waiting lists and a long time between the scan and receiving of results. In comparison with
Ultrasound the resolution of MRI is low and there is the problem of Motion Artifacts.
Furthermore wrist, MCP, PIP and DIP joints cannot be examined with equal high resolution at
the same time and these measures would also be too time consuming and expensive. Imaging of
cartilage in small joints with adequate resolution remains a problem. Interpretation of the
images is rather complex and depends highly on the skills of the operator.

MRI can be used in 1st and 2nd line. Especially in 2nd line to certify a diagnosis and to monitor
disease activity, MRI gets more and more recognized as a valuable device. New forms of MRI like
small joint MRI might be used in 1stline, as they require less physical space and are less costly
than MRI. Disadvantages of these low- field extremity MRIs are that imaging clarity might be
lower than conventional MRI and have a limited spatial resolution. It is less sensitive to oedema
and contrast dye is required to identify synovitis [59, 60]. Techniques like gadolinium -
enhanced MRI might be useful to access cartilage damage and monitor therapeutic effects on
cartilage integrity[61, 62]. Diffusion — weighted MRI is a technique that also might be more used
in the future, as it is contrast free. It visualizes osseous(bone tissue) and soft tissue oedema[63,
64]. 3D MRI might be useful to detect soft tissue lesions and early erosions[65]. 3D MRI
sequences with isotropic voxels reduce the duration of the scan while beholding image
quality[66]. Data obtained via MRI can be stored and read centrally, what might get important in
order to build an (inter-) national database and for later retrieval in order to evaluate
prognostication. An additional opportunity for MRI is that MRI is affiliated in different
recommendations and guidelines, which might stimulate its usage.

Threats to MRI (and every other device) are other established devices or new devices that are
entering the market and might be better and cheaper than MRI.
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ULTRASOUND

In contrast to MRI, Ultrasound is a widely available technology that can be used in diagnosis and
monitoring of rheumatoid arthritis. Ultrasound is non-invasive and no ionizing radiation is used.
Another advantage is that it is painless and can be conducted interactive with the patient in real
time. It takes approximately 15-45 minutes to gather the data needed. Ultrasound can be used
to assess thickening of the synovial membrane, bursae or tendon sheaths and/or synovial blood
flow. Furthermore fluid in joints, bursae and tendon sheaths can be observed. However,
interpretation of the images is complex and highly dependent on the operator. The inter
observer variability is high and there are problems with reproducibility. Data gathered can be
recorded but what should be documented is often subjective, which makes it difficult to compare
data. Another disadvantage is that the quality of the images is site dependent. In addition,
internal bone structure is not visualized what makes it difficult to access changes in the bone
and identify e.g. bone marrow oedema. There is uncertainty about the relative advantage of
Ultrasound over X-ray in showing erosive progression and there are only few tests on systems in
longitudinal follow-up studies done.

Ultrasound can be used in 1st and 2nd line and can be used in imaging studies or to guide invasive
joint procedures. An opportunity for Ultrasound might be the development of a global
ultrasound score in order to examine the extend of synovitis[67]. Ultrasound might help to
identify poor prognostic factors in rheumatoid arthritis and is itself a helpful tool for
prognostication of disease [68, 69]. Use of portable ultrasound machines might make
appointments with radiologists unnecessary[70]. Like MRI, Ultrasound usage might be
stimulated through recently published guidelines/recommendations who emphasise the role of
Ultrasound as a detection tool for inflammation in (early) rheumatoid arthritis.

X-RAY

X-ray is seen as the “gold standard” for diagnosis of rheumatoid arthritis and there are validated
assessment methods available. In later stages of the disease X-ray can detect changes in joint
space and bone erosion. However, X-rays need to be performed by a radiographer in a radiology
department, which limits the access. A big disadvantage of x-ray is that it uses radiation, which is
harmful for the body. X-rays are useful to differentiate rheumatoid arthritis from other joint
conditions like e.g. osteoarthritis. X-rays are most useful for assessment of signs of rheumatoid
arthritis in later stages. Soft tissue changes and early bone erosion cannot be visualized in early
stages. X-rays are also not good for identifying non-progressors. A big advantage of x-ray is that
standardized and blinded centralized reading of the data is possible. Although X-ray is seen as
the “gold standard”, the Dutch guideline for diagnosis and monitoring of rheumatoid arthritis
gives and advice against the usage of X-ray.
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CT SCAN

CT scan is a technology rarely used in clinical practice, although the images displayed are clearer
than standard x-ray and more sensitive to bone erosions than MRI. Reasons for this are the
disadvantages of a CT-scan. First of all, radiation and the use of contrast dye make the
technology less safe than other technologies. It has a low sensitivity to soft tissue changes in
comparison with MRI and Ultrasound, and these soft tissue changes are extremely important in
the diagnosis of rheumatoid arthritis. CT scans is performed in special centres and the time
between scan and results is long.

New forms of the CT scan might play a role in monitoring of rheumatoid arthritis. Examples are
integrated PET/CT machines, which can be used in rheumatology to diagnose and monitor large
vessel vasculitis, a complication of rheumatoid arthritis[71]. Multi - detector computerized
tomography scans (MDCT scan), can be used to make three - dimensional images of the
joints[72, 73].

Box 2 : Confidential
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TRENDS AND CHANGES

According to an exploratory process report of the European Commission health care should be
focused on prevention, early/accurate diagnosis and effective treatment[74]. This
approach/development can also be observed in the area of diagnosis and monitoring of
rheumatoid arthritis.

Early diagnosis of rheumatoid arthritis has gained greater significance and attention in the last
years. As a result the American College of Rheumatology developed new classification criteria
for rheumatoid arthritis in 2010, where the focus is on the early stages of the disease[75].

As mentioned before, there is a rising awareness for early diagnosis and (more) effective
treatment. This development is caused by the insight that early treatment approaches gain the
most benefits for patients and could even increase the chance of remission. This timeframe is
often referred to as the “window of opportunity” [76-79].

Not only early diagnosis, but also close monitoring of patients has gained greater interest in the
past years. Continuous monitoring of patients and adjustment of the care they need by a
rheumatologist leads to improved outcomes [80, 81]. In 2010 recommendations to treat
rheumatoid arthritis to target have been made. These recommendations reflect the trend of
continuous monitoring. Validated composite measures of disease activity should be
implemented in routine clinical practice, in combination with structural changes and functional
impairment[82].

Looking for long term outcomes in rheumatoid arthritis is another new thought in the field of
rheumatology. According to a study of van der Linden et al. (2010) patients with a delay longer
than 12 weeks have worse disease outcome (rate of joint destruction and DMARD-free
remission) compared with patients with a delay less than 12 weeks[79].

These developments have led to an increased interest in imaging devices and how they can be of
use for the new developments (Figure 10).
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Figure 10: Technical demand - performance relationship [83]
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USER NEEDS ASSESSMENT

41 respondents filled in the self-administered questionnaire. One was excluded from the
questionnaire, because only three questions were answered, two were excluded because they
completed the survey in less than two minutes, which leaves 38 respondents. The average time
to complete the survey was 16 minutes with a standard deviation of 15:00 minutes. 5%
completed the survey in English, 29% in German and 66% in Dutch. The average years of
experience for all rheumatologists are 18 years with a standard deviation of seven years. The
average number of patients per month is 127 with a standard deviation of 88 patients.

Of the 38 respondents, 29% stated that they do have problems with the devices they are using
and 71% stated that they do not experience problems with the imaging devices they are using
for diagnosis and management of rheumatoid arthritis. However, 61% of all respondents
expressed a need for higher quality tools in diagnosis and monitoring of rheumatoid arthritis.

The problems with currently available devices the respondents mentioned are divers, but
sensitivity and specificity of the devices are mentioned often. Other problems mentioned are the
costs of the device, the time a scan takes, the inability to make reproducible images (positioning
problems X-ray), a lack of objective measurements and possibilities for differentiation, and the
inability to display certain structures like erosion or early inflammation. Many of the problems
are not specific for one device, but occur in most of the devices.

Most rheumatologists are using two devices (42.11%) for diagnosis and monitoring of
rheumatoid arthritis. Only a minority (10.53%) use just one device.

In the United Kingdom, MRI, Ultrasound and X-ray are used equally. In Germany X-ray and
Ultrasound are used the most, followed by MRI. In the Netherlands X-ray and Ultrasound are
used most often. Two respondents in Germany also stated that they sometimes make use of
scintigraphy.

With regard to the importance of characteristic for imaging devices to diagnose and monitor
rheumatoid arthritis, sensitivity and specificity are the most important characteristics rated by
the rheumatologists, followed by quality of the images and visualization of (damaged) bone and
cartilage. The least important characteristic is visualization of blood vessels (Figure 11).

Characteristic Importance
Sensitivity 4.47
Specificity 4.45
Quality of the images 4.39
Visualization of (damaged) bone and 4.29
cartilage

Visualization of tendons and ligaments 3.84
Assessment of big joints 3.82
Subjective quantification 3.71
Objective quantification 3.68
Duration scan 3.63
Visualization of blood vessels 3.45

Figure 11: Importance of characteristics for imaging devices to diagnose and monitor rheumatoid arthritis based on the results of the questionnaire

(N=38)
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Figure 12 shows the weighted average of the importance of the characteristics and the
satisfaction with the characteristics from most to least important. Due to incomplete responses
some weighted averages of the satisfaction were calculated using smaller sample sizes
(visualization of blood vessels and objective quantification of effect of therapy in Ultrasound,
duration of scan and objective quantification of effect of therapy in X-ray). The red dots indicate
the importance of each characteristic. The dark red bars show the satisfaction with the
characteristics of MR, the green bars show the satisfaction with the characteristics of
Ultrasound, the purple bars show the satisfaction with the characteristics of X-ray and the light
blue bars show the satisfaction with the characteristics of CT-scan. MRI performs best on
sensitivity, specificity, quality of the images, assessment of big joints, visualization of (damaged)
bone and cartilage, visualization of tendons and ligaments and objective quantification (through
fully automated measurement) of effect of therapy. For the characteristic duration of scan, X-ray
scores best, for subjective quantification of effect of therapy and visualization of blood vessels,
ultrasound scores best.

With regard to sensitivity, specificity, quality of the images, visualization of (damaged) bone and
cartilage, subjective and objective quantification of effect of therapy, the performance of all
devices is lower than the importance, showing that there is potential for improvement.

Importance and satisfaction characteristics
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Figure 12: Weighted average of the satisfaction with different imaging devices and their importance based on the results of the questionnaire

Overall satisfaction with MRI is high, with respondents stating in 11% of all cases that they are
very satisfied, 52.6% of all cases that they are satisfied, 29.5% of all cases that they are neither
satisfied nor dissatisfied, 6.3% of all cases dissatisfied and only 0.5% of all cases very
dissatisfied. Rheumatologists are most satisfied with the characteristics Sensitivity and Quality
of the images in MRI, with a weighted average of 4.2 each. Rheumatologists are least satisfied
with the performance of MRI on the duration of scan (weighted average 3.0) and the ability of
MRI to perform objective quantification (weighted average 3.1). Rheumatologists scored
subjective and objective quantification, duration scan and visualization of blood vessels with a
weighted average beneath 3.5, which indicates that they are not satisfied with the performance
of the device on these characteristics, but these characteristics are also the least important ones
according to the questionnaire.

Respondents are overall very satisfied in 12.8% of all cases with the performance of Ultrasound
on the different characteristics. In 47.9% they are satisfied, 30.8% neither satisfied nor
dissatisfied, 7.6% dissatisfied and 0.9% very dissatisfied. Rheumatologists are most satisfied
with the characteristic sensitivity in Ultrasound, with a weighted average of 4. They are least
satisfied with objective quantification, which has a weighted average of 2.7. In comparison to
MRI, duration of scan scores much better, with a weighted average of 3.9. Satisfaction is beneath
3.5 in Ultrasound for the characteristics visualization of (damaged) bone and cartilage,
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subjective and objective quantification. Visualization of (damaged) bone and cartilage is the 4th
important characteristics and therefore shortcomings could be a threat for the device.

With regard to the performance of X-ray, rheumatologists are overall less satisfied with how it
performs on the different criteria. Only 7.4% are very satisfied, 32.3% satisfied, 29.6% are
neither satisfied nor dissatisfied, 19.8% are dissatisfied and 10.8% are very dissatisfied with all
cases. Rheumatologists are most satisfied with the characteristic duration of scan, with a
weighted average of 4.2 and least satisfied with visualization of tendons and ligaments
(weighted average 1.7). Even the characteristics perceived as most important to rheumatologists
have only a weighted average of 3.3.

Rheumatologists are in 2.2% of all cases very satisfied with how a CT-scan performs on the
different criteria. In 42.3% of all cases they are satisfied, and in 42.2% neither satisfied nor
dissatisfied. 10% are dissatisfied and 2.2% very dissatisfied. Rheumatologists are most satisfied
with the characteristic quality of the images, with a weighted average of 3.8. They are least
satisfied with the characteristics objective quantification and visualization of blood vessels, with
a weighted average of 2.7 each.

»Put hands and feet into a monitor and get a quantitative measurement of the
number of joints and the state of the disease, all this in the investigation room of
the doctor and nice visualized for the patient.”

This statement one of the rheumatologists made in the questionnaire sums up a lot about how
rheumatologists perceive an ideal diagnostic tool for rheumatoid arthritis. Making the images in
the investigation room is mentioned very often by rheumatologists. It would make a device
immediately available if it is needed, the damage could be seen immediately, no referral would
be needed and it would therefore make the whole diagnostic process faster. Another important
issue is the ease of use of a device. Some rheumatologists state that a medical employee should
be able to operate the device and interpret the results. For many of the rheumatologists it is
important to see inflammation and erosion in a very early stage, and to investigate them in real
time, like a “camera in the joint”. The costs of the devices were another often mentioned issue.
The device should be cheaper than MRI. Besides that sensitivity and specificity were often
mentioned characteristics. 7 rheumatologists mentioned that differentiation from other
rheumatic diseases is an important feature of a device. Furthermore rheumatologists see
objectivity of a device as an ideal characteristic, whereas there are also some who say that the
best “device” is the rheumatologist himself and that an ideal tool “Is not available and will never
be. Rheumatology is only as good as the specialist, independent from the tool”.

Most of the features an ideal diagnostic tool should have are also mentioned with regard to an
ideal monitoring tool. The rheumatologists put more focus on the sensitivity and specificity of
this device with regard to very small changes. Furthermore an automatic comparison with
preliminary assessments was seen as an ideal feature.

According to the rheumatologists, different future developments in diagnosis and monitoring of
rheumatoid arthritis are important. One can assume that imaging devices are going to play a
major role in diagnosis and monitoring of rheumatoid arthritis. Small joint MRI and PET scan are
seen as important developments by 7 respondents. Besides imaging technologies, the use of
biomarkers is often mentioned. Furthermore the use of these devices in daily practice is an
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important development the respondents identified. The devices should be easy to use and
accessible when required. Besides this, there is a trend towards more education of patients and
assistants.

The problems with sensitivity and specificity in diagnosis and monitoring are reflected in the
answers on the questions which changes rheumatologists would desire. More sensitivity and
specificity were mentioned about four times each. Besides this, especially faster measurement,
earlier diagnosis, the ability to make a better prognosis and quantitative measurements as well
as cheaper devices were desirable. Also less complexity in the usage and a tool that can be used
by patients themselves for monitoring was mentioned. Some rheumatologists also want a tool
that can locate erosions better. A database was also a central concept stated. Rheumatologists
wish to have a database where they can compare different measurements and follow over time.

With regard to RAPACT, about 17% of rheumatologists (N= 35) rate the advantages the device
can provide as very important and about 40% (N=35) regard them as important. Disadvantages
of RAPACT were that the assessment of big joints is difficult and there are problems with the
visualization of bone structure. These are both important characteristics for imaging devices
according to the rheumatologists; therefore the disadvantages of RAPACT are even more
important to rheumatologists. Asked about the arising of a future demand for this technology,
more than a half of the rheumatologists state that a future demand might be probable, and 21%
(N=35)estimate this demand to be very probable.
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DISCUSSION

The aim of this study was to perform a needs assessment in an early stage of the medical device
development process of a new device for diagnosis and monitoring of rheumatoid arthritis.

During a needs assessment, information about opinions, attitudes and statements of individual
groups is collected [84, 85]. This study focused on the group of medical device users. A medical
device user is a person who uses a medical device for the treatment and/or care of him/or
herself or someone else” [86]. According to this definition, different users can be identified:
Patients, General Practitioner, Radiologists and Rheumatologists. These users are very
heterogeneous and may have conflicting and/or different goals and wishes and there might be
variations in needs and wishes according to age, ethnicity, experience, educational background,
amount of type and training and (with regard to patients) the diagnostic process they went
through. It was decided to focus this study on rheumatologists, as they are the health care
professionals who make the definite diagnosis and are most likely the main users of the device
presented in the case study.

In this study a self-administered questionnaire was executed for rheumatologist in the
Netherlands, the United Kingdom and Germany. Through the self-administered questionnaire,
information about the needs, wants and expectations of rheumatologists was gathered and met
and unmet needs were identified. This approach is called health needs assessment. A health
needs assessment (HNA) is an approach to understand the health and health care needs of a
population to tailor health services [87]. Health care needs are those that can benefit from health
care, such as the interventions that produce benefit for the population (health protection,
prevention). They are met by the health care system [88]. Health needs is a broader concept. It
included wider social and environmental determinants of health. It is met by the health care
system and other social and economic initiatives [89].

At the moment, the imaging devices playing a role in diagnosis and monitoring of rheumatoid
arthritis according to literature are MRI, Ultrasound, X-ray and CT-scan. X-ray is perceived as
gold standard, but is more or less useless in early diagnosis. Ultrasound can assess synovitis,
which is an indicator for rheumatoid arthritis, but changes in the bone are not easily to access.
Furthermore the interpretation is quite complex. MRI is able to assess synovitis as well as
changes in the bone. However, MRI is quite costly and not widely available and multiple joints
cannot be assessed at the same time with the same quality. Despite the ability of CT-scans to
perform examination of the hands and wrists in a very short time and its ability to provide
clearer images than conventional X-ray, CT-scans are rarely used in clinical practice for
diagnosis and monitoring of rheumatoid arthritis. Reasons for this that could be identified
through literature study are that CT-scans use harmful radiation and have a low sensitivity to
soft tissues changes in comparison with MRI and Ultrasound. Furthermore the interpretation of
the images is complex. According to the changes in diagnosis and monitoring of rheumatoid
arthritis that were identified during literature study, imaging devices are going to play a greater
role in diagnosis and monitoring of rheumatoid arthritis. However, the SWOT analysis showed
that at present there is no device that can display all features of (early) rheumatoid arthritis
diagnosis. Every device has its advantages and disadvantages.

According to the questionnaire, sensitivity, specificity and quality of the images are the most
important characteristics of imaging devices for diagnosis and monitoring of rheumatoid
arthritis. Visualization of blood vessels is perceived as least important characteristic by the
rheumatologists.

When comparing the importance of the different characteristics with the performance
(satisfaction) of the devices, it becomes apparent that there are differences in between how
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important a characteristic is and how well it performs. Even though sensitivity is the most
important characteristic, X-ray and CT-scan have values/weighted averages below 4 (satisfied).
For specificity, all weighted averages are below 4, but all of them except X-ray are close to 4.
Assessment of big joints is the characteristic rheumatologists are overall most satisfied with, but
it is not considered that important (rank 6t). The characteristics visualization of blood vessels
and objective assessment score in none of the devices a 4 and rarely a 3, but they are also the
least important characteristics. However, recent studies suggest that the development of small
blood vessels in the synovium is one of the earliest signs of rheumatoid arthritis. The qualitative
data analysis of the questionnaire identifies a trend to more objective measurements. When this
trend continues and rheumatologists get more aware of the importance of blood vessels in
rheumatoid arthritis, importance of these characteristics might increase, and action should be
taken by decision makers to fulfill the increased demand.

Rheumatologists indicated in the qualitative part of the questionnaire, that they have problems
with sensitivity and specificity of current devices. Surprisingly, when asked about the
satisfaction of these characteristics in different imaging devices, rheumatologists only rated the
performance of X-ray and CT as not satisfying (weighted average below 4). None of the
rheumatologists rated MRI or Ultrasound to be very dissatisfying or dissatisfying. However, in
Ultrasound about 18% rated sensitivity and about 39% specificity to be neither satisfied nor
dissatisfied with, and in MRI this was 16% and 37% respectively. This result is an indication that
rheumatologists are not satisfied with these characteristics, because they choose the neutral
option “neither satisfied nor dissatisfied”. Removal of the neutral option might have led to more
rheumatologists rating the performance of the devices as dissatisfying. When comparing the
results of the literature study with the findings of the questionnaire, some discrepancies in the
findings could be observed. According to the SWOT analysis, the assessment of the bone
structure is very difficult with Ultrasound; however, rheumatologist did not indicate
dissatisfaction with this characteristic. This might be due to the fact that Ultrasound cannot
penetrate bone but studies have shown the ability of Ultrasound to detect bone abnormalities
and cartilage [90-92]. Literature indicates shortcomings in image quality in MR, ultrasound, X-
ray and CT-scan. This study could not acknowledge these findings, as rheumatologists rated
image quality in all devices above a weighted average of 3.5.

Rheumatologists mentioned X-ray and Ultrasound the most when asked about problems they
have with devices. This can be explained by the fact that these are also the imaging devices used
the most. The quantitative analysis supports the statements of the rheumatologists with regard
to X-ray, as 7 out of 10 criteria are rated with a weighted average below 3.5. The usage of these
devices despite the shortcomings they have might be an indication for the fact that there is no
other adequate imaging technology.

An imaging technology that could fill this gap and address future needs is RAPACT. 53% of
rheumatologists’ state that a future demand for RAPACT in their practice is very probable and
about 53% state that a future demand is probable. 26% think that there is probably no future
demand for RAPACT in their practice. A study by Kent [93] indicated that respondents assign a
probability of 63 - 87% to the word probable, which means that overall, rheumatologists are
positive about a future demand for RAPACT.

With regard of the likelihood of additional value RAPACT might have, there is no clear picture.
About 23% tend toward a larger likelihood and 37% towards a smaller likelihood. 34% choose
the middle option. The small tendency towards a smaller likelihood might be explained by the
fact that the disadvantages of RAPACT are perceived as even more important than its
advantages. Visualization of (damaged) bone and cartilage scored 4t important amongst
rheumatologists. If there are improvements in these areas, the additional value of RAPACT will
very probably increase.
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The potential of RAPACT is difficult to access, as many things are still uncertain, and it is not
known how RAPACT would score on the different characteristics. Furthermore, the trend
towards early diagnosis might have a great influence on the relative advantage RAPACT might
have over other devices. At the moment, rheumatologists are quite satisfied with how X-ray
displays erosion and cartilage. However, this visualization is only possible in later stages of the
disease. With more urge for earlier diagnosis, rheumatologists might get less satisfied with the
abilities of this device. MRI is still too costly and not widely available. New forms of MRI are a
potential threat to RAPACT.

RAPACT could lead to cost savings in rheumatoid arthritis, if it can detect rheumatoid arthritis
earlier and monitor disease progression better than other devices, which could lead to a more
tailored treatment approach. Developers expect the costs of RAPACT to be lower than MRL. If the
device is less costly than MRI, substitution might lead to major cost savings, as a study of Parker
& Nazarian[94] revealed. In the study the substitution of MRI with Ultrasound led to cost savings
of several billion dollars.

The device that was evaluated in this study is at a relatively early stage of the medical device
development process. The involvement of users in an early phase of medical product
development could result in products that improve patient safety, device effectiveness and
reduce the need for (costly) product recalls and modifications [95, 96]. However, there are
certain problems when conducting user involvement studies. Many developers of a medical
device do not consider the needs of the users because they do not see the necessity to do so. If
developers see the necessity to involve users, they might not know how to incorporate the needs
of the user in the development process and/or do not have the time and resources to involve
them [97, 98]. This research underpinned that developers are focused on the technical side of
the device and do not consider other important aspects like user needs. The developers of the
device that served as case in this study did not consider incorporating user needs during the
(early) stages of the development process.

Because of the early stage of the medical device development process of the device, the
developers are still working on the technical aspects of the device. Contact with the developers
was held during the execution of this project to gather additional information about technical
details of the device, inform the developers about the progress of the project and verify the
information of the device that was given in the questionnaire.

There is a lot of uncertainty about the value the device can have in diagnosis and monitoring of
rheumatoid arthritis in this early stage of development. Rheumatologists needed to make
judgments about the device based on information that was conducted by the researcher through
information the developers provided and the project proposal of the company. It was expected
most of the respondents did not know the device under assessment. Therefore a short
introductory paragraph about the device was given which was the same for all respondents.
There is therefore a certain risk that respondents might not understand some aspects of the
device and because of the chosen method of this research they could not ask additional
questions during the execution of the questionnaire. It might therefore been difficult for the
users to make a judgment about the new device.

The opinions of the rheumatologists should be seen as a snap-shot. More information and
validated measurements of RAPACT would lead to more explicit estimations of the added value
of RAPACT. If characteristics like sensitivity and specificity of the device are known, better
comparisons with other imaging devices and more specific estimations about the place of the
device in the care pathway of rheumatoid arthritis can be made. Information gained through this
study gives insights into the characteristics that are important for rheumatologists. This
information can be used by the developers to adjust their device so that it meets these
requirements and it shows upcoming needs the device might fulfill. As more data are available,
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more research can be made. As soon as more details about RAPACT are known with regard to its
performance, rheumatologists can make estimations about these values with regard to different
characteristics. Rheumatologists scored devices relatively well but in the qualitative part they
state to have problems. To explore this discrepancy would be interesting.

STRENGHTS AND LIMITATIONS

The first strength of this research is that it involves users early in the development process of a
new medical device, which could result in a device that truly meets the requirements of its users
[99]. Another strength is that quantitative and qualitative data were collected and analysed.
“Different but complementary data on the same topic” can be gathered, leading to a better
understanding of the data than using either dataset alone [17, 100].

The usage of a self-administered questionnaire has several advantages. First of all it is less time
consuming than interviews, and a lot of people that are geographically distributed can be
reached at the same time, which was of great interest for this research that was performed
among rheumatologists of the United Kingdom, Germany and the Netherlands. Furthermore the
anonymity of the respondents can lead to more valid responses and there are no interviewer
biases. Besides that the costs of self-administered questionnaires are lower than telephone or
face to face interviews [101].

One of the main limitations of self-administered questionnaires is that the response rate might
be low. The number of rheumatologists that took part in the questionnaire was limited. In total
38 rheumatologists executed the survey. One respondent was excluded from the analysis
because only three questions were answered. Two respondents were excluded because they
took less than two minutes to answer the survey, which was estimated as not enough time to
read all questions carefully and provide answers. In the Netherlands 71 rheumatologists were
asked to participate. From these 71 rheumatologists, 25 participated in the survey, which is a
response rate of 35%. A response rate of 50% is regarded as adequate [19]. The calculation of
the response rates is only available for the Netherlands, because the participants of other
countries were mostly reached through the Intranet of organizations, what makes it impossible
to calculate how many people actually took part in the questionnaire. Rheumatologists in the
Netherlands were only reached through e-mails. Another problem is that not all important
characteristics for diagnosis and monitoring have been analyzed, as this would have made the
questionnaire too complex. Characteristics were chosen on basis of literature and after
consideration with a rheumatologist during the pilot testing of the questionnaire. For this reason
the overall picture of the rheumatologists’ needs assessment might not be complete. Another
limitation is that the respondents might have been influenced by the quantitative part of the
survey when answering the qualitative part. There might have been an overestimation of the
own ability of the rheumatologists, leading to neglecting of problems such as a lack of adequate
devices for diagnosis of rheumatoid arthritis. This can be a major problem, as a wrong diagnosis
based on clinical findings can delay effective treatment of rheumatoid arthritis.

Other methods that might be useful in future research are Analytic Hierarchy Process (AHP) and
conjoint analysis. In this study these methods have been abandoned, since the conversion of
verbal to numerical data as done with AHP does not always reflect the preference of the decision
maker and conjoint analysis gives no detailed insights and with a growing number of attributes,
restrictions in the design have to been made [102-105].

It might be interesting to examine in how far the results of this research really contribute to the
development of the medical device, which could give more insights into the process of user
involvement and the performance of (early) HTA.
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This research made clear that the involvement of end users in the needs assessment study can
be very difficult for two reasons. The first is the limited time they have and the second is that
organizations/associations refused to collaborate, which might be an indication for the
underestimation of this topic.
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CONCLUSION

The role of imaging devices in diagnosis and monitoring of rheumatoid arthritis is expanding
and imaging devices are getting increasingly integrated into recommendations and guidelines
for rheumatoid arthritis.

The results from the needs assessment showed that there is a need for improvement in imaging
devices used for diagnosis and monitoring of rheumatoid arthritis, as a majority of the
rheumatologist state that there is a need for higher quality tools and a third of them have
problems with the devices they are using.

Rheumatologists scored sensitivity, specificity, quality of the images and visualization of
(damaged) bone and cartilage as most important criteria. Visualization of blood vessels, duration
of the scan and objective quantification are the least important criteria.

Overall, rheumatologists were least satisfied with the performance of all devices with regard to
objective quantification, followed by the visualization of blood vessels. Rheumatologists were
most satisfied with the performance of all devices with regard to the assessment of big joints,
followed by quality of the images.

With regard to the open ended questions there seems to be a trend towards less complex
devices that can be used in daily practice. At the moment, none of the devices on the market are
able to fulfill this need, but as imaging devices like MRI are getting more modified and other
competitors (e.g. handscan) are entering the market, this niche is going to be highly competitive
[106].

RAPACT has chances to implementation in daily practice if the device is less costly than MRI and
easy to use in daily practice. A combination with Power Doppler Ultrasound might be favorable
for the adoption process, as Ultrasound is already available in many practices and the fusion of
data might result in a device with great competitive advantage. With early detection of
rheumatoid arthritis getting more important and characteristics like visualization of blood
vessels and objective measurements getting more attention, the additional value of RAPACT
might increase and the possibility to use RAPACT as a monitoring tool would get more attractive
to rheumatologists. If RAPACT shows possibility as a tool for differential diagnosis, this might
increase its value for diagnostic purposes.

However, proof of principle of RAPACT is still needed and (other) devices are constantly
improving. Furthermore the disadvantages of RAPACT are perceived as important to
rheumatologists, what makes adaption difficult.

Studies showing the importance of blood flow in rheumatoid arthritis and usage of modified
imaging devices like diffusion- weighted MRI and multi-modal technologies like PET/CT were
mentioned as important developments by rheumatologists in this study and might indicate a
trend towards more functional imaging, which is in line with findings of other studies [107, 108].

The possibility of RAPACT as a multi-modal imaging technology with the ability to provide
anatomic and functional data is promising, but further research is needed to verify the results
and get more information about the attitude of rheumatologists towards this specific technology.
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APPENDIX

APPENDIX A

ACR CRITERIA

Score

Target population (Who should be tested?): Patients who
1) have at least 1 joint with definite clinical synovitis (swelling)*
2) with the synovitis not better explained by another diseasef
Classification criteria for RA (score-based algorithm: add score of categories A-D;
a score of =6/10 is needed for classification of a patient as having definite RA)

A, Joint involvement$
1 large joint¥
2—10 large joints
1—3 small joints (with or without involvement of large joints)#
4—10 small joints (with or without involvement of large joints)
=10 joints (at least 1 small joint)**

B. Serology (at least 1 test result is needed for classification)
Negative RF and negative ACPA
Low-positive RF or low-positive ACPA
High-positive RF or high-positive ACPA

C. Acute-phase reactants (at least 1 test result is needed for classification )%
Normal CRP and normal ESR
Abnormal CRP or abnormal ESR

D. Duration of symptoms§$
<6 weeks
=6 weeks

[P i e Lhed b =D

—_—

—_

Figure 13: ACR criteria[75]
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ACR RESPONSE CRITERIA

ACR response criteria

1. =20% improvement in swollen joint count
2. =20% improvement in tender joint count
3. =20% improvement in at least 3 of the following 5 measures:
A. Patient’s global assessment of disease activity
B. Physician's global assessment of disease activity
C. Patient's assessment of pain
D. Acute-phase reactant
E. Disability

Figure 14: ACR response criteria [109]

ACR REMISSION CRITERIA

Table 4. Proposed criteria* for complete clinical remission in
rheumatoid arthritist

Five or more of the following requirements3 must be fulfilled for at
least 2 consecutive months:§

Duration of moming stiffness not exceeding 15 minutes

No fatigue

No joint pain (by history)

Mo joint lendemness or pain on molion

Mo soft tissue swelling in joints or tendon sheaths
Erythrocyle sedimentation rate [Westergren method) less than
30 mm'hour for a fermale or 20 mmhour for & male

Ohobn B e B

* These crilenia are intended to describe either spontaneous
remission or a state of drug-induced disease suppression, which
simulates spontaneous remission.

t To be considered for this designation a patient must have mel the
ARA criteria for definite or classic rheumatoid arthritis at some time
in the past.

t No alternative explanations may be invoked to account for the
failure to meet a particular reguirement. For instance, in the
presence of Knee pain, which might be related to degenerative
arthritis, a point for "'no joint pain’™ may not be awarded.

§ Exclusions: Climical manifestations of active wvasculitis,
pericarditis, pleurilis or myositis, and unexplained recent weight
loss or fever attributable to rheumatoid arthntis wall prohibit a
designation of complete clinical remission.

Figure 15: ACR remission criteria [110]



HEALTH ASSESSMENT QUESTIONNAIRE

The Health Assessment questionnaire is based on the self-assessment of the patient. Limitations

in daily life can be identified.
Questions about different areas of operations are asked:

Dressing and grooming
Arising

Eating

Walking

Hygiene

Reach

Grip

Activities

All areas include questions about devices used or help from other persons needed.

The HAQ also included questions about the medical history, medical conditions, health status
and health activities, exercise and medications [111].

RHEUMATOID ARTHRITIS DISEASE ACTIVITY INDEX (RADAI)

The RADAI is a self-administered questionnaire to access disease activity.

RADA] item

Mumencal rating scale questions (10 scale)
I. Im peneral, how active has yvour arthrits been
aver the past 6 months?
2 In terms of joint tenderness and swelling, how
active is your arthrtls woday?
3. How much arthritis pain do you fesl today?

Likert scale question (06 scale)

4. Were your joints stiff when you woke up today?
If yes, how bong did this extra stifness last?

no = 0; <30 minules = 1; 30 minules 1o an
howr = 2; 1-2 howrs = 3; 2—4 hours = 4; =4
hours = §; all day = &

Joint list guestion {sum score range (—48; & joints or
Joint groups on both sides of the body, each graded
-3
£, Please indicate the amount of pain you are

having today in each of the joim areas histed
below

None = i, mild = 1; moderate = 2; severe = 3

Shoulders, elbows, wrists, fingers, hips, knees,
ankles, and toes

Figure 16: RADAI index [112]
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DISEASE ACTIVITY SCORE (DAS)

The DAS is used to measure disease activity. A commonly used score is the DAS 28, which
assesses 28 joints that are affected by rheumatoid arthritis. The number of swollen joints,

erythrocyte sedimentation rate (ESR) and/or C reactive protein (CRP) and the patient’s global

assessment of health are included and give the overall disease activity score. The score is divided

into three categories [113]:

e >5.1.implies high disease activity

e 3.2-5.1implies moderate disease activity
e 2.6 -3.2 implies low disease activity

e < 2.6 implies remission [114]

RADIOLOGIC PROGRESSION (SHARP AND LARSEN METHOD

The Sharp and Larsen method are used to access radiologic progression in rheumatoid arthritis.

According to Larsen, 5 grades of radiologic changes can be identified:

0 no pathologic indication

1 unspecified pathologic changes

2 minor, but certain destructive changes
3 moderate destructive changes

4 major destructive changes

e Multiple destructive changes

The joints of the hand are rated separately on erosion, joint space narrowing, soft-tissue
swelling and osteoporosis near the joint[115].

The Sharp method modified by van der Heijde includes 16 areas of both hands and wrist, as well

as the MTP’s and two intraphalangeal joints to develop an erosion score.

e 0 Normal

e 1 discrete erosions

e 2-3larger erosions according to surface area involved
e 4 erosions extending over middle of the bone

e 5 complete collapse

The maximum erosion score for the hands is 160 and 120 for the feet. Maximum joint space

narrowing score is 120 for the hands and 48 for the feet. The total score ranges from 0 to
448[116].
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WHO-ILAR CORE SET

The WHO/ ILAR Core domains for longitudinal observational studies define a core set of
domains and reporting requirements for these studies:

Health Status

Disease progress

Damage

Mortality

Toxicity/Adverse Reactions [117]

SIMPYLFIED DISEASE ACTIVITY INDEX (SDAI)

The SDAI combines swollen joint counts, tender joint counts, patient global assessment,
physician global assessment and CRP ( mg/dl) in a numeric summation[118]. The overall SDAI
score should be interpreted as follow:

e 0.0 -3.3. Remission

e 3.4-11.0 Low Activity

e 11.1-26.0 Moderate Activity
e 26.1-86.0 High Activity [119]

CLINICAL DISEASE ACTIVITY INDEX (CDAS)

The CDAS is calculated on basis of a tender joint score, swollen joint score, patient global score
and provider global score.

The score can be interpreted as follows:

e 0.0 - 2.8 Remission

e 2.9-10.0 Low Activity

e 10.1-22.0 Moderate Activity
e 22.1-76.0 High Activity [120]
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OMERACT RAMRIS

Score sheet for the OMERACT RAMRIS

using the EULAR-OMERACT RA MRI reference image atlas

MCP JOINTS
MRI ID: Scorer’s mame:
Centre where MRI was performed:
Tmage set (e.2. baseline or follow-up):
Seq ;
Scoring of synavitic
MCP-joints
2 3 4 s
Synevitis (0-3)

Soring of bons ervsion And DoRe eiima
Bone erosion |s scored 0-10, ding 1o the prop im of 10%) ol bone:
Involved:
0: 0%, 12 1-10%, 2: 11-20 %, ........... 10:91-100%

Bone oedema i3 scored 0-3, scconding 1o the proportion (in iscrements of 13%) of bose
involved:
O %, 1z 1-33%, 2: 34-66 %, 3: 67-100%

Scare from the articular surface (or its best estimated position if absent) to a depeh of |

MCP joints
1 3 4 s
Hone Froximal
eroshon
010 Distal
Boae Froximal
oedema
03 Diseal

Score sheet for the OMERACT RAMRIS

using the EULAR-OMERACT RA MRI reference image atlas

WRIST JOINTS

MRIID: Scoree’s name:
Centre where MRI was perk
Image st (e.g. bascline or follow-up):

q scored:

Scoring of symovitis
| Distal radio-ulaar joint | Radio-carpal joint | Intercarpal-CMCJ |
Symovitis (0-3) | | ‘
Scoring of bone crosion sed bone ocdema

Bone erosion is scored 0-10, according 1o the pop (in of 10%) of booe involved
0 0% 1 110% 2: 1120 %, ... v 1091 100%
Bone ovdema s soored 0.5, ding 10 the peop {in 0f 33%) of bowe involved:

0: 0%, 1 1-33%, 2: 34-66 %, 3: 67-100%

For carpal bones, score the whole bone, For loag bones, score from the anticular surface (or its best
cstimated position it abseat) 1o a depth of | cm,

Base of metacarpal
1 2 3 4 s

Bone erosion (0-10) 1 | |
Bone ocdema (0-3)

Traperium | Trapezold | Copitate | Mamate |
Bone crosion (0-10) | | |
Bone ocdema (0-3) | |

_Scaphoid |  Leaste | Triquetram | Pisiform |

| Bone erosion (0-16)
Bone cedema (0-3) 1 L ]
Distal radius =~ Distal wlaa

Bone eresion (0-10) | ! 1
Bone ocdema (0-3) |

Figure 17: Example of score sheets for scoring MCP joints and wrist joints with the OMERACT RAMRIS criteria [121]
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APPENDIX B

EULAR RECOMMENDATIONS FOR MANAGEMENT OF EARLY ARTHRITIS

1. Arthritis is characterised by the presence of joint swelling, associated with pain or
stiffness. Patients presenting with arthritis of more than one joint should be referred
to, and seen by, a rheumatologist, ideally within six weeks after the onset of
symptoms.

2. Clinical examination is the method of choice for detecting synovitis. In doubtful cases,
ultrasound, power Doppler, and MRI might be helpful to detect synovitis.

3. Exclusion of diseases other than rheumatoid arthritis requires careful history taking
and clinical examination, and ought to include at least the following laboratory tests:
complete blood cell count, urinary analysis, transaminases, antinuclear antibodies.

4. Inevery patient presenting with early arthritis to the rheumatologist, the following
factors predicting persistent and erosive disease should be measured: number of
swollen and tender joints, ESR or CRP, levels of rheumatoid factor and anti-CCP
antibodies, and radiographic erosions.

5. Patients at risk of developing persistent or erosive arthritis should be started with
DMARDs as early as possible, even if they do not yet fulfil established classification
criteria for inflammatory rheumatological diseases.

6. Patientinformation concerning the disease and its treatment and outcome is
important. Education programmes aimed at coping with pain, disability, and
maintenance of work ability may be employed as adjunct interventions.

7. NSAIDs have to be considered in symptomatic patients after evaluation of
gastrointestinal, renal, and cardiovascular status.

8. Systemic glucocorticoids reduce pain and swelling and should be considered as
adjunctive treatment (mainly temporary), as part of the DMARD strategy. Intra-
articular glucocorticoid injections should be considered for the relief of local
symptoms of inflammation.

9. Among the DMARDS, methotrexate is considered to be the anchor drug, and should
be used first in patients at risk of developing persistent disease.

10. The main goal of DMARD treatment is to achieve remission. Regular monitoring of
disease activity and adverse events should guide decisions on choice and changes in
treatment strategies (DMARDs including biological agents).

11. Non-pharmaceutical interventions such as dynamic exercises, occupational therapy,
and hydrotherapy can be applied as adjuncts to pharmaceutical interventions in
patients with early arthritis.

12. Monitoring of disease activity should include tender and swollen joint count,
patient’s and physician’s global assessments, ESR, and CRP. Arthritis activity should
be assessed at one to three month intervals, for as long as remission is not achieved.
Structural damage should be assessed by radiographs of hands and feet every 6 to 12
months during the first few years. Functional assessment (for example, HAQ) can be
used to complement the disease activity and structural damage monitoring.

Figure 18: EULAR recommendations for management of early arthritis [122]
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APPENDIX C

CLINICAL MANAGEMENT OF RHEUMATOID ARTHRITIS

EULAR RECOMMENDATIONS FOR THE USE OF IMAGING OF THE JOINTS IN THE

Table 1 Recommendations, SOR and level of evidence

S0R, mean VAS0-10 Level of

Recommendation™ (95% Clj evidence

1 When there is diagnostic doubt, CR, ultrasound or MRI can be used to improve the certainty of a disgnosis of RA above 9.1 (B to 9.6) 1l
clinical criteria alonet

2  The presence of inflammation seen with ultrasound or MRI can be used to predict the progression to clinical RA from 7.9 (6.7 to 9.0} ]|
undifferentiated inflammatory arthritis

3 Ubtresound and MRI are superior to clinical examination in the detection of jeint inflammation; these technigues should be B.7 (7810 9.7) 1l
considered for more accurate assessment of inflamm ation

4 CRof the hands and feet should be used as the initial imaging technigue to detect damage. However, ultrasound and‘or MRI 9.0 (B4 1o 9.6) v
should be considered if conventional radiographs do not show damage and may be used to detect damage at an earier time
point (especially in eary RA)

5 MR bone oedema is a strong independent predictor of subsequent radio graphic progression in early RA and should be B.4 (7710 9.2) 1l
considered for use as @ prognostic indicator, Joint inflammation (synovitis) detected by MRI or ultrzsound as well as joint
damage detected by conventional radiographs, MRI or ultrasound can also be considered for the prediction of further joint
damage

E Inflammation seen on imaging may be more predictive of a thempeutic response than clinical feaures of disease activity; 7.8 (6.7 to B.B) -V
imaging may be used to predict response to treatment

7 Giwen the improved detection of inflammation by MRI and uttrasound than by clinical ecamination, they may be wseful in B3 (7410 01) Il
monitoring disease activity

8 The periodic evaluaion of joint damage, usually by radiographs of the hands and feet, should be considered. MR (and possibly 7.8 (6.8 to 8.9) il
uttrasound) is more responsive to change in joint damage and can be used to monitor disease progression

9 Monitoring of functional instability of the cervical spine by laeral radiograph obtained in flexion and newtrd should be 9.4 (B8 to 9.8) Il
performed in patients with clinical suspicion of cervical imvolvement. When the radiograph is positive or specific neurological
symptoms and signs are present, MR should be performed

10 MR and utrasound can detect inflammation that predicts subseguent joint damage, even when clinical remission is present B.B (B0 to 9.6) il

and can be used to assess persistent inflammation

*Recommendations are based on data from imaging studies that have mainly focused on the hands (particulary wrists, metacarpophalangeal and proximal interphalageal
joints). There are few data with specific guidance on which joints to image.

tin patients with at least one joint with definite clinical synovitis, which is not better explained by another disease.
Categonies of evidence: la, evidence for meta-analysis of randomised controlled trials; Ib, evidence from at least one randomised controlled trial; la, evidence from &t least one
controlled study without randomisation; llb, evidence from &t least one other type of quasi-experimental study; lll, evidence from non-expermental descriptive studies, such as
comparative studies, correlation studies and case—control studies; N, evidence from expert committee reports or opinions or clinical experience of respected authorities, or both.
CR, conventional radiography; RA, reumatoid arthritis; SOR, strength of recommendation; VAS, visual analogue scale (0-10; 0=not recommended at all, 10=fully
recommended).

Figure 19: EULAR recommendations for the use of imaging of the joints in the clinical management of rheumatoid arthritis [58]
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APPENDIX D

SWOT MAGNETE RESONANCE IMAGING (MRI)

STRENGTHS WEAKNESSES
Safe Availability
- Noionizing radiation Costs
- Non-invasive - High costs
Patient comfort Interpretation
- painless - Complex
RA signs - Inter observer variability
- Synovitis - Operator dependent
- Bone Marrow Oedema Time

- Cartilage, ligaments, tendons and tendon
sheaths
- Intra- and extra- articular fluid
collections
Monitoring
- Treatment response
Position
- Established

Global view

- Articular surfaces

- Internal bone structure
Procedure

- Outpatient
Scoring

- Scoring criteria available

- 15-90 minutes per scan
- Time between scan and results
- Waiting lists
Unsafe
- Contrast dye
Patient comfort
- Time
- Claustrophobia
Image quality
- Motion Artefacts
- Lowresolution in comparison with
ultrasound
Contraindications
- Implants
Measurements multiple parts
- Wrist, MCP,PIP and DIP joints cannot be
examined with equal high resolution at
the same time
- Too time consuming and expensive

OPPORTUNITIES

THREATS

Application areas

- 1Istand 2ndline

- Clinical trials
Data storage

- Stored and read centrally
Prognostication
New forms

- Gadolinium - enhanced MRI

- Diffusion - weighted MRI

- 3D MRI datasets linked to ultrasound

examination in real-time

- Dedicated extremity MRI units

Guidelines

Other (new ) devices

Figure 20: SWOT MRI [60, 123-131]
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SWOT ULTRASOUND

STRENGHTS WEAKNESSES

Availability Interpretation

Costs - Complex
- Low costs - Inter observer variability

Patient comfort - Operator dependent
- Painless - Longlearning curve for inexperienced
- Interactive operator

Safe - Poor objective documentation

- Non-invasive

- Noionizing radiation
Monitoring

- Treatment response
Global view

- Assessment of multiple joint sites
Procedure

- Reproducibility problems

RA signs
- Changes in the bone difficult to access
- Internal bone structure not visualized
- Bone marrow oedema cannot be assessed

Position

- Outpatient
Data storage - Limited testing on systems in longitudinal
- Recordable follow-up studies
Real time Image quality
Time - Site dependant
- Duration scan 15-45 minutes Monltorlng.
Reproducibility - Relative advantage of Ultrasound over X-
ray for showing erosive progression is
Ra signs unclear
- Assessment of synovitis (thickening
synovial membrane, bursae or tendon
sheaths, increased synovial blood flow)
- Fluid in joints, bursae and tendon sheaths
Position
- Mainly established
OPPORTUNITIES THREATS

New forms
- Use of Portable ultrasound machines (No
appointment with radiologist needed)
- Miniaturization of devices
Guidelines
- EULAR guidelines for the use of
musculoskeletal Ultrasound in
rheumatology
Application areas
- Imaging studies
- 1stand 2mline
- Guide invasive joint procedures
Prognostication

Scoring

Other (new) devices

Figure 21: SWOT Ultrasound [123, 128-130]

49




SWOT X-RAY

STRENGHTS WEAKNESSES
Availability Availability
Costs - Performed by radiographer in radiology
- Low costs department
Patient comfort Unsafe
- Painless - Radiation
Safe Monitoring
- Non-invasive - Intermediate term follow up of treatment
Procedure RA signs
- Outpatient - Novisualization of synovium and
Position cartilage(soft tissue changes) in early
“Gold standard” stages
- Validated assessment methods - Low sensitivity to early bone erosion
Monitoring - Novisualization of ligaments
- Later stages (changes in joint space and Interpretation o
bone erosion) - Inter observer variability
Image quality

RA signs
- Joint subluxations, malalignment and/or
ankylosis in severe cases
- Juxta-articular osteoporosis and cysts
- Boneerosion
- Joint space narrowing
Data storage
- Standardized and blinded centralized
reading possible
Reproducibility
Differentiation
- From other joint conditions e.g.
osteoarthritis, psoriatic arthritis, neoplasm
Scoring

- Projectional superimposition
NOH-pl‘Ogl’ESSOI‘S

OPPORTUNITIES

THREATS

Other (new) devices

Miniaturization of devices
Guidelines

Figure 22: SWOT X-ray [65, 123, 125, 132]
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SWOT CT-SCAN

STRENGHTS WEAKNESSES

Image quality Unsafe
- Clearer than standard x-ray - Radiation

Procedure - Contrast dye (sometimes)
- Outpatient Image quality

RA signs - Motion artefacts
- Displays blood vessels Availability

- More sensitive to calcified tissue (bone
erosions) than MRI
Time
- Examination 1 minute for hand and wrist

- Only in centres

- Rarely used in clinical practice
Time

- Time between scan and results
Contraindications

- Pregnancy, metal items
RA signs

- Low sensitivity to soft tissue changes in

comparison with MRI and Ultrasound

Rarely used in clinical practice

OPPORTUNITIES

THREATS

New forms
- MDCT scan (Three-dimensional

visualization of joints)

Other (new) devices
Miniaturization of devices

Figure 23: SWOT CT-scan [123]
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APPENDIX E

DEFINITION MEDICAL DEVICE

Medical device: “A Medical device means any instrument, apparatus, implement, machine
appliance, implant, in vitro reagent or calibrator, software, material or other similar or related
article, intended by the manufacturer to be used, alone or in combination, for human beings for
one or more of the specific purposed of:

e diagnosis, prevention, monitoring, treatment or alleviation of disease

e diagnosis, monitoring, treatment, alleviation of or compensation for an injury

e investigation, replacement, modification, or support of the anatomy or of a physiological
process

e supporting or sustaining life

e control of conception

o disinfection of medical devices

e providing information for medical purposes by means of in vitro examination of
specimens derived from the human body and which does not achieve its primary
intended action in or on the human body by pharmacological, immunological or
metabolic means, but which may be assisted in its function by such means.” [133]
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APPENDIX F

MODE, RANGE, MINIMUM AND MAXIMUM OF THE IMPORTANCE OF THE

CHARACTERISTICS

Mode Range Min Max
Sensitivity 5 3 2 5
Specificity 5 4 1 5
Quality of the 4 2 3 5
images
Duration scan 4 3 2 5
Assessment of 4 3 2 5
big joints
Visualization of | 4 4 1 5
blood vessels
Visualization of | 4 2 3 5
(damaged) bone
and cartilage
Visualization of | 4 3 2 5
tendons and
ligaments
Subjective 4 3 2 5
quantification of
effect of therapy
Objective 4 4 1 5
quantification of
effect of therapy

Figure 25: Mode, range, minimum and maximum of the importance of the characteristics for imaging devices based on the questionnaire




MODE, RANGE, MINIMUM AND MAXIMUM OF SATISFACTION MRI

Mode Range Min Max

4 2 3 5
Sensitivity
Specificity 4 2 3 5
Quality of the 4 2 3 5
images
Duration scan 4 3 1 4
Assessment of 4 2 3 5
big joints
Visualization of | 4* 2 2 4
blood vessels
Visualization of | 4 2 3 5
(damaged) bone
and cartilage
Visualization of | 4 2 3 5
tendons and
ligaments
Subjective 3 2 2 4
quantification of
effect of therapy
Objective 3 3 2 5
quantification of
effect of therapy

1) More than one mode. 2nd mode is 3

Figure 26: Mode, range, minimum and maximum of the importance of satisfaction MRI based on the questionnaire




MODE, RANGE, MINIMUM AND MAXIMUM OF SATISFACTION ULTRASOUND

Mode Range Min Max
Sensitivity 4 2 3 5
Specificity 4 2 3 5
Quality of the 4 3 2 5
images
Duration scan 4 3 2 5
Assessment of 4 2 3 5
big joints
Visualization of | 4 3 2 5
blood vessels
Visualization of | 4 3 2 5
(damaged) bone
and cartilage
Visualization of | 4 2 3 5
tendons and
ligaments
Subjective 3 3 2 5
quantification of
effect of therapy
Objective 3 3 1 4
quantification of
effect of therapy

Figure 27: Mode, range, minimum and maximum of the importance of satisfaction Ultrasound based on the questionnaire




MODE, RANGE, MINIMUM AND MAXIMUM OF SATISFACTION X-RAY

Mode Range Min Max
Sensitivity 4 3 2 5
Specificity 4 2 2 4
Quality of the 4 3 2 5
images
Duration scan 4 2 3 5
Assessment of 4 3 2 5
big joints
Visualization of | 1 3 1 4
blood vessels
Visualization of | 3 3 2 5
(damaged) bone
and cartilage
Visualization of | 1 3 1 4
tendons and
ligaments
Subjective 3 4 1 5
quantification of
effect of therapy
Objective 3 3 1 4
quantification of
effect of therapy

Figure 28: Mode, range, minimum and maximum of the importance of satisfaction X-ray based on the questionnaire




MODE, RANGE, MINIMUM AND MAXIMUM OF SATISFACTION CT-SCAN

Mode Range Minimum Maximum
Sensitivity 4 2 3 5
Specificity 4 1 3 4
Quality of the 4 2 3 5
images
Duration scan 4 2 2 4
Assessment of 4 1 3 4
big joints
Visualization of | 3 3 1 4
blood vessels
Visualization of | 3 1 3 4
(damaged) bone
and cartilage
Visualization of | 3 3 1 4
tendons and
ligaments
Subjective 3 2 2 4
quantification of
effect of therapy
Objective 3 2 2 4
quantification of
effect of therapy

Figure 29: Mode, range, minimum and maximum of the importance of satisfaction CT-scan based on the questionnaire
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