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Abstract 


Background: The  high  speed  of  innovation  of  medical  technologies  are  argued  to  be  an 
 important driver of health care costs. There is an ongoing shift from volume to value-based 
 health care, and HTA plays an important role in this process. Ably Medical is developing a 
 fully electronic hospital bed designed to improve care and rehabilitation. Ably Medical and the 
 Ably Bed was used as a case study in the thesis.  


Objective: The aim of this thesis was to apply a framework for early HTA, with the objective 
 to inform Ably Medical about their technology’s potential for being cost-effective.  


Methods: Three different analyses were conducted as part of an early stage HTA of the Ably 
 Bed and its impact on the risk of pressure ulcers. A decision-tree model was developed, and a 
 cost-utility  analysis  was  conducted.  A  headroom  analysis  was  performed  to  calculate  the 
 headroom for cost-effectiveness and value of sales net of production costs. Interviews with key 
 stakeholders of Ably Medical provided information about the procurement process of medical 
 technologies, the issues related to prevention of pressure ulcers and the technology of the bed.  


Results: The result from the cost-utility analysis indicated that the Ably Bed in combination 
 with  common  practice for  prevention  is  cost-effective  compared to  common  practice  alone. 


There  are  however,  substantial  uncertainty  surrounding  the  result.  The  Headroom  analysis 
 showed  that  there  is  a  headroom  for  cost-effectiveness.  The  interviews  revealed  that 
 procurement is competition based, and price is the main factor for decision making.  


Discussion: Lack of data on the Ably Bed limits the analyses. Headroom estimates are normally 
 overestimated. The threshold for cost-effectiveness (WTP per QALY) used in the analysis was 
 fairly low. The results from the analyses would have been more robust had a higher threshold 
 been applied.  


Conclusion: By the application of the early HTA framework, the thesis found that the Ably 
Bed has a potential for being cost-effective. The research of the thesis demonstrates that early 
HTA  is  feasible,  and  it  is  recommended  that  developers  of  medical  technology  use  the 
framework to assess commercial viability, early on in the development process, to improve the 
likelihood of success in the market.   
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1  Introduction 


In Europe, the average expenditures of health care are 10% of gross domestic product (GDP). 


76.6% of these expenditures are related to inpatient and outpatient care. As much as 16.1% is 
 spent  on  pharmaceuticals,  and  7.3%  is  spent  on  medical  devices  (MedTech  Europe,  2016). 


Measured in terms of patent applications, the medical technology industry is by far, the most 
 innovative  industry  in  Europe  (European  Patent  Office,  2017).  The  rapid  growth  and  high 
 degree  of  innovation  is  claimed  to  impose  increased  costs  on  health  care  (Kumar,  2011). 


However,  innovative  technologies  may  have  the  potential  for  disrupting  health.  New 
 technologies may not only improve the quality of care, but also reduce costs by enabling care 
 to be provided, both cheaper and faster (Christensen et al., 2000).  


The extremely high and ever increasing expenditures in health care, have resulted in a global 
 shift  from  volume-based  to  value-based  health  care  (Prada,  2016).  Rather  than focusing  on 
 volumes and cost-constraints, health care policy makers are now more oriented towards patient 
 outcomes of treatment and the value of those outcomes. The definition of value-based health 
 care  may  be  dependent  on  who  you  ask.  However,  if  the  aim  is  to  make  health  care  more 
 sustainable, without compromising on quality, the definition should encompass the concept of 
 cost-effectiveness. For this reason, the definition of health value used in this thesis is; the health 
 outcomes achieved per dollar spent (Porter and Teisberg, 2006). By this definition, the goal is 
 to maximize the health value for patients per dollar spent, a strategy that has the potential of 
 making the health care systems more economically sustainable (Porter 2010). 


To achieve value-based health care, a change in mindset is needed. Not only by policy- and 
decision-makers, but also by key stakeholders, such as the health care providers, financers and 
suppliers  of  health  technology.  In  the  field  of  pharmaceuticals,  value-based  health  care  is 
already  well-established  through  strict  market  regulations  and  evidence-based  coverage 
decisions, which encompasses not only the cost of drugs, but also its cost-efficiency, based on 
the patient outcomes and the value of those outcomes. Although new EU regulations on medical 
devices  are  ensuring  a  stricter  control  and  reinforced  requirements  of  clinical  evidence 
(European  Commission,  2017),  there  is  still  less  standardization  of  submission  of  data  for 
evaluation,  and  less  requirements  concerning  the  proof  of  cost-effectiveness  compared  to 
pharmaceuticals (Fuchs et al., 2017). Moreover, the requirements for market authorization is 
based on quality from an engineering perspective rather than effect for the users (Fuchs et al., 
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 2017). It could seem like the decisions on whether to invest in new technology are determined 
 on price only, neglecting the efficiency, and thereby the value for money on the investment. It 
 can therefore be difficult for a medical technology company to determine to what extent one 
 should invest in the assessment and evaluation of health technology, to increase the chance of 
 technology uptake. However, incorporating methods for technology assessment from the very 
 beginning of a development process, may improve investment decisions and ensure that only 
 the potentially cost-effective devices are brought to the market (Vallejo-Torres et al., 2011). A 
 question  emerging  is  then,  whether  conducting  technology  assessment  at  an  early  stage  of 
 product development is feasible.  


The aim of this thesis was to apply a framework for early health technology assessment (HTA), 
 with  the  objective  to  guide  developers,  early  on  in  the  product  development,  about  the 
 technology’s potential for being cost-effective and successful in the market.  


Ably Medical AS is a Norwegian medical technology company, founded in 2015. Although 
 they are yet to bring their first product to market, they have been getting a substantial amount 
 of attention for their technology. The company is developing an electronic patient bed with 
 machine learning capabilities, designed to improve patient care and rehabilitation, by reducing 
 the risk of patient falls and pressure ulcers, as well as reducing nurse load. The thesis work will 
 focus on the case of Ably Medical and their product; the Ably Bed. For a start-up company like 
 Ably Medical, resources are scarce, and decisions have to be made fast, with little to know 
 knowledge about the actual performance of the technology, the application of an early HTA 
 framework to assess potential cost-effectiveness is therefore considered appropriate in the case 
 of the Ably Bed.  



1.1  Outline of thesis 


The thesis has been organized into seven main chapters. In Chapter 2, background information 
 is  presented  to  contextualize  the  aim  and  objective  of  the  thesis.  Firstly,  some  information 
 related to the case of Ably Bed is presented. Secondly the issues of adverse events and pressure 
 ulcers are described. Finally, the concept of value-based health care and its connection to cost-
 effectiveness and assessment of health technology is introduced.  


The main concepts, and theoretical framework of HTA is presented in Chapter 3, including 
early economic evaluation, headroom analysis and stakeholder preference analysis.   
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 Chapter 4 outlines the methodology of the thesis. The chapter starts by presenting the economic 
 evaluation, and the decisions that have been made concerning the study design. Thereafter, the 
 methodological  considerations  of  the  Headroom  analysis  are  presented.  Lastly  the  chapter 
 presents the chosen method for performing and analyzing the interviews with the stakeholders. 


In Chapter 5, the results from all the three different analyses are presented. For the cost-utility 
 analysis, the base case cost-effectiveness level as well as the result from the sensitivity analysis 
 on  the  parameter  uncertainty  are  presented.  Moreover,  the  output  of  the  calculations  of  the 
 headroom analysis are presented, as well as the findings from interviews with stakeholders.  


The interpretation and discussion of the results will be presented in Chapter 6. In this chapter, 
the limitations of the research are discussed, along with suggestions for future research. The 
thesis ends with a conclusion in Chapter 7.  
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2  Background 


Before presenting the theory behind economic evaluation, some background information on 
 the case, Ably Medical and the Ably Bed, will be given. A major health issue that will form 
 the basis for the technology assessment is also introduced, as well as some more information 
 related to the concept of value-based health care and how this is connected to technology 
 assessment.  



2.1  Ably Medical and the Ably Bed 


Ably  Medical  AS  was  founded  by  the  three  entrepreneurs  from  Ålesund,  together  with  a 
 professor in psychology at the University of Oslo. The company’s vision for future health care 
 is; more human technology (Ably Medical AS, 2017). Human technology can be understood as 
 technology designed to be user-friendly were the technology is adapted to the user, and not the 
 other way around (Satava and Ellis, 1993). The company aims at being a major developer of 
 medical technologies, and the first product they are working on is the Ably Bed. The patient 
 bed is a smart bed, designed to target and improve three major issues related to patient care and 
 rehabilitation.  The issues the technology of the Ably Bed is targeting are; nurse load, patient 
 falls and pressure ulcers (PU). Their technology is patented, but as the product is still under 
 development, the technology and design of the product is being changed along the learning 
 process of the development. In other words, they have adopted an agile development process, 
 which may be beneficial, as it allows for continues improvement of the product. The company 
 is taking part in a strategic market access program, by the Canadian innovation hub, Medical 
 and Related Sciences, named MaRS EXCITE. The program is functioning as a bridge between 
 innovative health companies and the health system of Ontario, Canada. According to MaRS 
 Discovery District (2018), the goal of the program is:   


“Faster technology adoption. Better patient outcomes. More affordable care”  


They support medical technology companies through the process of gaining market access, by 
providing opportunities for clinical testing and thereby producing evidence of efficiency and 
product value (MaRS Discovery District, 2018). In May 2018, the prototype patient bed was 
shipped  to  Toronto  to  perform  a  usability  study  together  with  health  care  personnel  from 
Hamilton Health Science. The purpose of the study was to gain more knowledge and a better 
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 insight into the way health care personnel work, what needs they have regarding patient care 
 and the environment surrounding the patient.  


The beds’ key design is its longitudinal springs which allows for a more flexible movement, 
 compared to a standard patient bed. This flexible movement redistribute the pressure on the 
 patient’s  body.  The  use  of  pressure  redistribution  surfaces  is  recommended  as  a  way  of 
 preventing PUs (Fleurence, 2005). It is therefore very interesting to investigate how this bed 
 can function as a device for prevention or part of the treatment of PU, only by altering the 
 pressure points and avoiding constant pressure on typical problem areas such as tail bone, heels 
 and  shoulder  blades.  The  springs  are  equipped  with  state-of-the-art,  non-intrusive  and 
 integrated sensor technology, that measures and monitors heart rate, temperature, weight and 
 muscle strength of the patient.  


The three major issues related to patient care and rehabilitation are all of great interest from a 
 health  economic  perspective,  seeing  as  they  may  have  impacts  from  a  societal  perspective. 


However, for the purpose of this thesis, the case of the Ably Bed has been focused on the bed 
 and PUs only, leaving out both the nurse load and patient fall issues. 



2.2  Pressure ulcers in a hospital care setting 


Adverse events (AE) in health care can be defined as an unintended injury or complication that 
 leads to a prolonged hospital stay, disability at time of discharge or death, caused by health care 
 management, and not the disease itself (de Vries et al., 2008). AEs are related to the quality of 
 care  and can be an important factor for reduced patient value. Literature reviews, shows that 4 
 to  17  %  of  all  hospitalizations  results  in  AE.  However,  one  to  two-thirds  of  these  AEs  are 
 preventable (Rafter et al., 2015).  


Both patient falls and PUs can be considered an AE, moreover, Bredesen et al. (2017) argue 
 that PUs are among the most common AEs. In her research on prevalence rates of PUs in a 
 Norwegian hospital setting, she found an overall prevalence of 18.2%, and a prevalence of 7.2% 


for  more  severe  PUs  (stage  II-IV).  For  hospital  acquired  pressure  ulcers  (HAPU),  the 
prevalence rate was found to be 15%. The prevalence varied between the hospital wards, where 
the intensive care units and medical wards had the highest and second highest prevalence rates 
(Bredesen et al., 2015). PUs and HAPUs are not only a problem due to the reduced quality of 
life  and  reduced  value  it  imposes  to  the  patients,  it  is  also  a  driver  to  the  high  health  care 
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 expenditures.  In  the  UK  alone,  PUs  has  been  estimated  to  cost  the  National  Health  Service 
 between £1.4bn and £ 2.1bn each year (Fleurence, 2005).  


PUs are normally described as a localized injury to the skin and the underlying tissue. PUs are 
 categorized into different stages depending on severity. Bony parts of the body, such as the 
 heals,  elbows,  shoulder  blades  and  tailbone  are  especially  exposed  areas  (National  Pressure 
 Ulcer Advisory Panel et al., 2014). Table 1 shows the different severities of PUs. 


Table 1. Pressure ulcers categorized by severity  


Grade  Description 


I  Intact skin with non-blanchable erythema 


II  Partial thickness skin loss 


III  Full thickness skin loss 


IV  Full thickness tissue loss with exposed bone, tendon or muscle 
 (National Pressure Ulcer Advisory Panel et al., 2014)


In  their  systematic  review,  Coleman  et  al.  (2013)  found  that  there  is  no  single  factor  for 
developing PUs, but rather combinations of several determinants, where mobility, activity level 
and diabetes are most important. Skin moisture, age and nutrition are among other important 
factors. Early assessment and detection of patients at risk for developing PUs, as well as the use 
of preventive measures are central in the work towards reducing the risk of PUs, and thereby 
reducing the hospitals costs related to treatment and prolonged stays. Risk assessment can be 
done using a classification system such as the Braden scale. The tool was developed in the US 
in 1987 and uses six factors to identify patients at risk of developing PUs. Scores are given 
accordingly, on a range from 6 to 23, where a lower score is associated with a greater risk of 
developing an ulcer (Martin and McFerran, 2017). Preventive measures include repositioning 
of  the  patient  on  a  scheduled  basis,  use  of  pressure  redistribution  mattresses,  such  as  high 
specification  mattresses,  offloading  of  heel  pressure,  skin  care,  incontinence  care,  proper 
nutrition and the use of silk rather than cotton fabrics (National Pressure Ulcer Advisory Panel 
et al., 2014, Martin and McFerran, 2017, Bredesen et al., 2017). The treatment of PUs will 
depend on the grade of the PU and possible complicating factors. General treatment consists of 
a set of methods such as wound care (cleansing, debridement and dressing) as well as pain 
management.  For  the  most  severe  cases,  such  as  a  PU  of  grade  III  or  IV,  surgery  may  be 
necessary (National Pressure Ulcer Advisory Panel et al., 2014) 
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 PUs affects both patient and the health care system negatively, by reducing the health-related 
 quality of life (HrQoL) of the patient and increases the length of stay (LOS) at the hospital due 
 to the need for additional care, as well as prolonged rehabilitation time. For this reason, PUs 
 are not only a problem for the patients, but also for the health care system and society as a 
 whole,  as  resources  are  scarce,  and  there  are  large  opportunity  costs  associated  with  the 
 treatment of PUs.  



2.3  Value-based health care 


Health care is often referred to as an intermediate product. It is not health care per see that is of 
 importance, but the improvement in health (Palmer and Torgerson, 1999). Thus, health care 
 functions as a means to the end of improvement in health, which is measurable through health 
 value. Health value is, as previously stated, defined by Porter and Teisberg (2006), as the health 
 outcomes achieved per dollar spent. A definition which encompasses the concept of efficiency 
 Patient value can be defined as health outcome of care, provided to the patient (Porter 2010). 


Hence, efficiency is reached when we get the maximum health value out of resources spent. 


Increased spending in health care is not sustainable. A higher degree of efficiency however, 
 will  generate  more  value  without  increasing  costs.  Thereby  ensuring  that  the  society’s 
 expectations for improvement in quality of health care is met in a sustainable manner. 


The (WHA, 2007, p. 1) states that health technology is “the application of organized knowledge 
 and skills in the form of devices, medicines, vaccines, procedures and systems developed to 
 solve a health problem and improve quality of lives”. By this definition, health technology is 
 developed to be used in health care and improve quality of lives.   


A central part of value-based health care, is the procurement of health technology. The term, 


‘value-based procurement’ is therefore trending among health care providers and developers of 
health technology (Prada, 2016). Value-based procurement opens up for a new type of pricing 
strategy, and price negotiation between the producers and health care providers. The standard 
approach  to  procurement  of  health  technology,  be  it  medical  devices  or  medicine,  is  for  a 
producer to set a price which the health care provider either accept or reject, and where prices 
are lowered until an agreement is reached (Girling et al., 2015). Value based procurement on 
the other hand, is an approach where the health care provider is basing the price negotiation on 
the added value the health technology generates. In other words, one negotiates based on the 
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 health benefit that particular device or medicine is estimated to generate, rather than on a price 
 based  on  the  standard  cost-plus  approach.  Pricing  strategies  based  on  health  value,  and 
 procurement processes based on a value for money principal rather than a cost-minimization 
 principal, may have a positive impact on the allocation of health care resources. It is however, 
 important to acknowledge that this is a case of a double-edged sword. The price of technology 
 may  increase  if  the  willingness  to  pay  (WTP)  is  very  high,  and  as  patents  ensure  less 
 competition,  it  may  have  the  opposite  effect  on health  care  costs  than  what  may  have  been 
 intended.  


Moreover,  decision-makers  in  procurement  following  the  value  for  money  principal,  can 
 potentially make investment decisions that yields a larger return of investment, in the form of 
 patient value, than what would otherwise be the case. This implies that, in a decision on whether 
 to invest in one of two medical devices that are designed for the same purpose, one should not 
 only consider the price, but also the proved effect from clinical trials, to make optimal decisions. 


Value-based  health  care  is  a  holistic  approach  which  has  the  potential  of  improving  the 
 conditions for both care providers, technology suppliers and patients, by ensuring that all parties 
 have the same objective, namely maximization of patient value. Procurement based on health 
 value  allows  for  uptake  of medical  technology  and  innovations  proved  to  be  cost-effective, 
 which in turn can improve the allocation of resources within the health care sector. Suppliers 
 of  health  technology  will  have  a  higher  motivation  for  innovation,  as  the  investment  in 
 technologies  which  can  be  proven  cost-effective  will  have  a  better  chance  of  uptake  when 
 procurement is based on value rather than cost-minimization. The application of technology 
 assessment is therefore crucial to ensure that investments are focused on those innovations that 
 have a chance of being successful in the market. Finally, value-based health care in general, 
 and  value-based  procurement  in  particular,  yields  more  value for  the  patients,  as  more  new 
 technologies, proven effective, may be utilized in health care.  



2.4  Research questions 


The aim of the thesis was to apply a framework for early HTA, with the objective to guide the 
developers, at an early stage of product development, about the technology’s potential for being 
cost-effective and successful in the market. The thesis uses Ably Medical and the Ably Bed as 
a case and apply the framework of early HTA to investigate whether Ably Bed has a potential 
for being cost-effective. By following the early HTA framework and the suggestions for product 
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 assessment, as presented by (IJzerman and Steuten, 2011), the following research questions 
 emerged:  


Research question 1: 


Is  the Ably Bed  in  combination  with  common  practice  a  cost-effective  alternative  to 
 common practice only, for the prevention of HAPU? 


Research question 2: 


Is there an efficiency gap large enough for the Ably Bed to be a potentially cost-effective 
 technology? 


Research question 3: 


What  are  the  main  drivers  for  technology  uptake  and  factors  for  decision-making 
 regarding procurement of medical devices?  


Research question 4: 


Which  attributes  should  the  Ably  Bed  have,  to  solve  issues  related  to  care  and 
 rehabilitation?  


The first two research questions are related to the cost-effectiveness of technology and will be 
answered by applying concepts from the theoretical framework, early HTA. Although the first 
two questions may be sufficient from a health economic perspective, they do not include the 
perspective of the users and the buyers of medical technology. If medical technology is treated 
differently  than  pharmaceuticals  by  decision-makers,  regarding  the  assessment  and 
procurement decisions, then estimating the cost-effectiveness will not be sufficient, as there are 
other  factors  affecting  technology  uptake.  Consequently,  the  last  research  questions  were 
included.  
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3  Theoretical framework 


As value-based health care is about the efficiency of health care provision, health economics 
 and economic evaluations are central to the concept of value. When it comes to health 
 technology, the main theoretical framework is the assessment of technology, or HTA. The 
 basics of HTA and economic evaluations will be introduced in this chapter. As the case of this 
 thesis is involving a product which is still under development, the framework of HTA at an 
 early stage will also be presented. This framework is built upon the concept of standard HTA 
 but encompasses some methods and concepts that are considered as more suitable at the early 
 development and pre-market stages. 



3.1  HTA and economic evaluation 


As resources are scarce, society should aim at achieving efficient allocation of resources. In 
 health care, this implies that resources within the sector are allocated in such a way that we 
 maximize  health  output.  Hence,  inefficiency  exists  when  a  reallocation  of  those  resources 
 would  generate  an  increase  in  health  output  (Palmer  and  Torgerson,  1999).  Allocative 
 efficiency  is  based  on  the  concept  of  opportunity  cost  of  investment.  For  health  care,  this 
 implies that the decision to invest in a technology can result in health forgone if the technology 
 invested  in,  generates  less  health  than  the  technology  we  chose  not  to  invest  in.  For  health 
 technology, such as pharmaceuticals or medical devices, the opportunity cost is related to the 
 incremental cost-effectiveness. More specifically, it is the cost related to the health benefits that 
 the technology generates when compared to the next best alternative (Cosh et al., 2007). As 
 there are opportunity costs related to every investment, and the budget for health care is finite, 
 it is essential that decision-makers do good investment decision. HTA is a framework that is 
 developed for this purpose exactly, namely to inform decisions in health care. HTA is defined 
 by (WHO, 2014, p. 1) as; 


«(…)  the  systematic  evaluation  of  properties,  effects  and/or  impacts  of  health 
technologies  and  interventions.  It  covers  both  the  direct,  intended  consequences  of 
technologies  and  interventions  and  their  indirect,  unintended  consequences.  The 
approach is used to inform policy and decision-making in health care, especially on how 
best to allocate limited funds to health interventions and technologies. (…)» 
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 There are two main processes in HTA; collection of data on evidence of the technology and the 
 disease in question, and the analysis of this data through economic evaluation and decision-
 analytic modelling. The aim of decision-analytic modelling is to inform decision-makers about 
 the potential cost-effectiveness of a particular technology, compared to the alternatives. The 
 comparable alternative(s) of a new technology is the current gold standard technology, as only 
 an increase in performance compared to this technology will be relevant in a reimbursement 
 decision (Cosh et al., 2007). The reimbursement of health technology is based on the Diagnosis-
 Related Group (DRG) system. The DRG system include tariffs, through which the health care 
 systems are funded, or reimbursed for their costs related to provision of care. In other words, it 
 is an activity-based funding system, used partly or alone as a way of funding health care, both 
 in Europe and North-America. For a medical technology to be reimbursed through this system, 
 there must exist an appropriate DRG code in which the technology can be classified.  


Economic  evaluations  can  be  a  cost-minimization  analysis,  cost-benefit  analysis,  cost-
 effectiveness analysis (CEA) and cost-utility analysis (CUA), where the two latter are the most 
 commonly used when assessing health care technology. Effects can be measured in terms of 
 clinical  (intermediate)  outcomes  such  as  cases  averted,  cholesterol  level,  or  preferably  final 
 outcomes, such as life years gained and quality adjusted life years (QALY). In a CEA or CUA, 
 the effect is normally measured in terms of QALYs. A QALY is a health outcome that captures 
 effect, in the form of reduced morbidity and reduced mortality. Quality and quantity gains from 
 treatment are incorporated into a single measure by multiplying HRQoL utility scores and the 
 time spent in that health state. The HRQoL is the utility from being in a certain health state, 
 measured on a scale from 0 to 1, where 0 reflects death and 1 perfect health. The HRQoL utility 
 values  can  be  measured  by  several  types  of  instruments.  The  generic  multi-attribute  utility 
 instrument, EQ-5D  is  among  the  most  commonly  used.  By  applying  QALYs,  a  life  year  is 
 adjusted to reflect the health state the patient is in, and the utility gained from being in that 
 particular state. Thus, a year in a health state with a HRQoL utility of less than 1, generates less 
 value than a year lived in perfect health, where utility equals 1.  


Technologies are assessed and compared by estimating the incremental cost-effectiveness ratio 
(ICER),  where  the  null  hypothesis  is  that  the mean  cost-effectiveness  of  a  particular  health 
technology is unequal to the mean cost-effectiveness of a competing technology (Drummond 
and McGuire, 2001). 
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The ICER is calculated as Equation 1 above. The difference in costs between the technology 
 being evaluated (Ca) and the alternative (Cb) is divided by the difference in effect between the 
 technology (Ea) and the comparator (Eb). In other words, we divide the incremental costs on the 
 incremental effects to get the ICER estimate.  


Figure 1 Cost-effectiveness plane.  


The red line indicates the WTP per QALY gained. The steeper the line, the higher is the threshold. The y-axis 
 shows the incremental costs and the x-axis the incremental effect when switching from the comparator to the 
 intervention.  


Figure 1, shows a cost-effectiveness plane, with DC on y-axis and DE on x-axis. The figure 
illustrates whether the ICER represent a dominant (SE-quadrant), dominated (NW-quadrant) or 
trade-off (NE and SW quadrants) technology, compared to the alternative. An ICER placed in 
the north-east quadrant of the cost-effectiveness-plane represents a technology that is costlier, 
but also more effective than the comparing technology. Hence, a trade-off exists between costs 
and effects. An ICER in the north-west quadrant represents a technology that is dominated by 
the alternative. The south-east quadrant represents dominant ICERs, meaning the technology 
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 in  question  is  both  less  expensive  and  generates  more  effect  than  the  comparator.  This 
 technology should therefore be implemented over the alternative. An ICER in the south-west 
 quadrant  represents  a  technology  that  is  less  costly,  but  also  less  effective  compared to  the 
 alternative. The red stippled line represents the WTP for increased effect, or QALY gained, 
 often referred to as the threshold ICER, denoted as l. Moreover, the threshold ICER represents 
 the  opportunity  costs  of  investing  in  a  certain  technology,  when  technologies  are  mutually 
 exclusive, and budgets are constraint. By definition, a technology or intervention is only cost-
 effective if the ICER is below the threshold (Drummond et al., 2015). Stating a WTP threshold 
 have not been common practice in most countries. However, in the UK, The National Institute 
 of Health and Care Excellence (NICE) have stated a threshold of 20,000 to 30,000 GBP per 
 QALY (Chapman et al., 2014). This implies that any ICER falling above the WTP, will not be 
 considered cost-effective, and consequently not be accepted.   


The above theoretical concepts are the foundation of economic evaluation and decision-making 
 concerning health technology. Full economic evaluations are usually carried out alongside or 
 after a clinical trial, when data on the technology is available. The concepts are applicable also 
 to early stage HTA. Although early HTA is based on the same theory, there are some differences 
 and some other methods for determining cost-effectiveness and potential success of a product. 


The framework of early stage HTA will therefore now be presented in more detail. 



3.2  Early HTA 


Early  HTA  is,  similarly  to  general  HTA,  a  systematic  evaluation  of  costs  and  effects  of  an 
intervention or technology. The difference of the two, is that early HTA can be applied as a tool 
for informing the supply side of technology, where the application of the methods can guide 
decisions  concerning  further  development  and  investment.  An  argument  for  why  medical 
technology companies should invest in early HTA, is that there is a need to inform decisions at 
an earlier stage of the product development (IJzerman et al., 2017). Regular HTA is performed 
when  a  product  is  given  market  access,  and  although  it  is  a  recognized  framework  for 
assessment of technology, it is based on information that the developer does not necessarily 
have  at  the  early  and  critical  stage  of  product  development.  Medical  technologies  have  a 
different  life-cycle  compared  to  pharmaceuticals,  and  along  with  incremental  innovations, 
performing full HTA is both costly and too time-consuming for technologies with such short 
life-time. Early HTA is therefore considered more suitable. Moreover, early HTA may impact 
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 the design, and possibly increase the performance of the technology (IJzerman et al., 2017), 
 which implies better effect and more patient value. Hartz and John (2008) define early HTA as 
 economic  evaluation  performed  to  inform  the  developer  about  the  technology’s  future 
 commercial viability. Early HTA is therefore a framework for decision-making on the supply-
 side of technology, rather than demand-side (Chapman et al., 2014). IJzerman et al. (2017, p. 


731) defines early HTA as; 


“All methods used to inform industry and other stakeholders about the potential value 
 of new medical products in development, including methods to quantify and manage 
 uncertainty.”  


Economic  evaluations  are  not  always  required  for  medical  devices  but  may  increase  the 
likelihood of market authorization and market success, as it provides evidence of performance 
and cost-effectiveness. Figure 2 below gives a schematic overview over the decision-making 
process during product development, and the type of analysis that are suitable at the different 
stages. The chart is designed by Cosh et al. (2007), whom in their paper, describes an approach 
to decision making and economic evaluation at early stages, when a cost-effectiveness analysis 
will be highly speculative due to the surrounding uncertainty of the ICER. As we can see from 
the scheme, early economic HTA can be conducted after the idea of a new technology has been 
established, and research has been done on the patient population, epidemiology and the current 
treatments  and  technologies  used.  Headroom  and  return  on  investment  analyses  are  used  to 
determine potential for being cost-effective, and whether the technology will be favorable. An 
insufficiently  large  headroom  that  does  not  allow  for  incorporation  of  development  and 
production costs in the product price, means that the product is unlikely to be cost-effective and 
the deterministic rule is to discard the technology. In order to make a more informed decision 
regarding the product and its development, early HTA, and full economic analysis will give 
information about the technology’s probability of being deemed cost-effective.  
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 3.2.1 The Headroom method  


During product development and investment decisions, knowing whether a technology can be 
 cost-effective  or  not,  given  optimal  performance,  may  be  just  as  relevant  as  knowing  a 
 technology’s  potential level  of  cost-effectiveness.  A  way  of  approaching  this  issue,  is  to 
 calculate the effectiveness gap between the standard technology being used today, and the new 
 technology  under  development  (McAteer  et  al.,  2007).  The  Headroom  method  was  first 
 developed by Schulper and others (Girling et al., 2015), and is designed for this purpose exactly. 


The analysis determines the marginal value of the advantage of the new technology. Thereafter, 
 one can calculate the incremental cost of the new technology, where it is still considered as 


Figure 2 Investment decision for new technologies (Cosh et al., 2007) 


A schematic overview over the development and investment decision of medical devices.  
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 cost-effective. The analysis is called the Headroom method, as we calculate the commercial 
 headroom for cost-effectiveness. It can be used as a method for setting a deterministic rule for 
 further development (Girling et al., 2015). Additionally, the method can be used to determine 
 the  maximum  reimbursable  price  (MRP)  of  a  product,  based  on  the  WTP-threshold  for 
 additional effect. The price the developer can get for a technology will most likely not be equal 
 to H (which is the MRP), but rather lie somewhere between H and U (Girling et al., 2012). 


Although the actual selling price most likely will be lower than the MRP, it is a good tool for 
 developers  of  medical  technology  to  estimate  the  potential  commercial  viability  of  a 
 technology,  at  the  very  beginning  of  product  development.  Knowing  the  buyers  WTP  for 
 additional QALY, allows the producer to set prices thereafter, hence ensuring maximum profits. 


A producer that does not know the added health benefit will not know the potential WTP for 
 the  value  the  product  yields  and  risk  underselling,  or  worse,  rejecting  potentially  profitable 
 innovations. 


The method has proven to be a simple, yet rigorous framework for estimating whether a new 
 technology  will  be  cost-effective,  without  having  performed  a  full  economic  evaluation 
 (McAteer et al., 2007). The method is based on the same principles as economic evaluations of 
 a medical technology, but as available data are limited at an early stage, it is a more simplified 
 way of estimating the potential value of a technology (Girling et al., 2015).  


For these reasons, the method has been gaining interest from the medical device industry. It is 
 also  noteworthy  that  the  method  do  not  only  consider  the  surrounding  uncertainty  in  an 
 investment  decision  from  the  perspective  of  the  developer  and  its  investors,  but  also 
 incorporates the expected  additional value the technology may generate for the society as a 
 whole (Markiewicz et al., 2016).  


Equation  2  below,  shows  how  the  commercial  Headroom  estimate  (H)  is  calculated.  As  H 
equals the MRP, this equation provides the maximal price developers could set on their product, 
according to the reimbursement agency’s WTP per gain in QALYs. Moreover, the headroom, 
H, corresponds to the net benefit for the health care provider given that the medical technology 
is provided free of charge. In other words, it is the headroom, or gap, for cost-effectiveness 
(Girling et al., 2015). The equation states that H is equal to the net reduction in health care costs 
(HCC) + l * the additional QALYs that the product generates. Net reduction in health care 
costs (HCC) is calculated by estimating the incremental costs or savings of providing health 
care,  by  the  use  of  the  new  technology,  compared  to  the  alternative,  without  including  the 
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 purchasing price of the technology. l represents the threshold ICER, which is the WTP for 
 additional effect. The additional QALYs are the incremental QALYs generated when switching 
 from  the  comparator  to  the  new  technology.  The  H  estimate  (the  headroom)  is  thus 
 corresponding to the ceiling cost of one unit, including both production and development costs, 
 for which the technology could still be considered cost-effective (Girling et al., 2015).  


𝐻 = (𝑁𝑒𝑡 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛 𝐻𝐶𝐶) +  𝜆 ∗ (𝐴𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝑄𝐴𝐿𝑌𝑠)  (2) 


Although  a  technology  under  development  has  been  evaluated  as  potentially  being  cost-
 effective,  the  developer  and  investors  should  gather  more  information  before  deciding  on 
 whether to invest in further product development. A factor in this decision is the potential return 
 on investment, or the value of revenues net of production costs. The return on investment will 
 depend on not only a products likelihood of being cost-effective, but also the potential market 
 size. The return on investment is based on the headroom estimate (H), the estimated product 
 costs and sales volumes (Girling et al., 2015). The return on investment can be calculated as 
 Equation  3  below,  where  V  is  the  revenue,  or  the  value  net  of  production  costs.  M  is  the 
 projected number of products sold over a certain time horizon. H is the headroom estimate, and 
 U is the expected cost of production per item.  


𝑉 = 𝑀 ∗ (𝐻 − 𝑈)  (3) 


The return on investment can also helpful in determining whether a product is worth continuing 
 developing,  based  on  whether  revenues  will  cover  the  development  costs.  It  is  the  future 
 development costs that are of interest as sunken costs is here considered irrelevant.  


3.2.2 Early economic evaluation 


Economic  evaluations  are  normally  conducted  alongside  large,  randomized  clinical  trials. 


During  product  development,  and  especially  at  the  early  stages,  data  from  such  trials  are 
normally  not  available.  Early  economic  evaluations  and  estimated  cost-effectiveness  of  a 
product, where none or little data is available, is obviously extremely uncertain. However, they 
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 may be important as some information is better than none, about the potential performance of 
 the product. Early economic evaluation is based on the same principals and methods as standard 
 economic evaluation. However, at an early stage, before full clinical trials are conducted, the 
 evaluation  is  typically  to  a  larger  degree  based  on  expert  opinions,  published  literature  and 
 assumptions. Sensitivity analysis can be performed to assess the uncertainty surrounding the 
 ICER. Although probabilistic sensitivity analysis may not be feasible at this stage, one- or two-
 way  sensitivity  analysis  may  be  very  informative  as  they  provide  information  about  which 
 parameters affect the cost-effectiveness of the technology the most. Thus, giving indications to 
 the developers as to where they should focus their work in order to enhance the probabilities of 
 the product being proven cost-effective at a later stage.  


3.2.3 Stakeholder Preference 


A new product or technology’s success when entering the market, will to a large degree depend 
 on its acceptance by the user, which for medical devices are the health care personnel or in 
 some cases, the patients. Involving (multiple) stakeholders during product development may 
 improve the success of a new technology, as it can have impacts on i.e. the performance and 
 usability, and hence the user experience and acceptance of the technology (Martín et al., 2016). 


A stakeholder can be defined as (Britannica Academic, 2018 p. 1) 


“any individual, social group or actor who possesses an interest, a legal obligation, or 
other concern in the decisions or outcomes of an organization, typically a business firm, 
corporation,  or  government.  Stakeholders  either  affect  or  are  affected  by  the 
achievement of an organization’s objectives.” 
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Figure 3 Stakeholders in the medical device industry (Martín et al., 2016) 


Although medical devices can be reach the end consumers, patients and professionals either directly or via a 
 health organization, regulatory bodies and the financers of health care are important stakeholders as they 
 enable the flow of medical devices in the industry. 


As  Figure  3  illustrates,  there  are  multiple  types  of  stakeholders  in  the  medical  technology 
 industry, both regulatory bodies and policy makers, health care professionals, decision-makers 
 of  the  procurement  of  technology,  providers  of  health  care  and  of  course  the  patients.  The 
 engagement of stakeholders should involve multiple stakeholders of different types, to gain a 
 broader perspective and knowledge from multiple areas relevant to both the development and 
 the success when a product enters the market. As medical devices need to be approved and 
 granted market authorization before it can enter the market, regulatory bodies such as the Food 
 and  Drug  Administration  in  the  US,  NICE  in  the  UK  or  the  International  Organization  of 
 Standardization  (ISO  Standards),  are  key  stakeholders  for  the  success  of  the  technology. 


Medical  professionals  and  the  procurement  division  of  medical  equipment  at  health  care 
 institutions are also key stakeholders, as the decision on whether to invest in one technology 
 over another may largely be affected by their preferences.    


There are several methods for assessing stakeholder preferences and need for technology within 
health, as well as their potential value (IJzerman et al., 2017). Among them are choice models, 
multicriteria decision-analysis, systematic literature review and in-depth interviews. The first 
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is a method where relevant stakeholders preferences for new technologies are elicited. Belief 
elicitation is one way of analyzing stakeholder preferences, which can be useful in determining 
potential use of a medical devices. The second method can be used to estimate the technology’s 
value  at  different  points  in  time  during  development,  and  inform  decisions  concerning 
allocation  of  resources  between  the  development  of  different  types  of  products.  Literature 
reviews could reveal preferences through investigating what technologies have reached uptake 
in the past, and the attributes they have. In-depth interviews with stakeholders can reveal needs 
and preferences for the technology through open ended questions on relevant topics.  
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4  Methodology 


The research in this thesis is based on three different analyses, utilizing both quantitative and 
 qualitative research methods. An early stage economic evaluation was performed to estimate 
 the  potential  cost-effectiveness  of  the  Ably  Bed.  Moreover,  a  Headroom  analysis  was 
 conducted,  based  on  the  economic  evaluation,  to  further  assess  the  potential  for  cost-
 effectiveness of the technology. These two analyses form the primary research of the thesis. 


Finally,  interviews  with  key  stakeholders  was  performed  as  a  secondary  data  source  and 
 functioned as a supporting analysis to the technology assessment. The three analyses are based 
 on the theoretical framework for early HTA. They are complementing each other, ensuring a 
 more complete assessment. Only the potential effect on pressure ulcers has been considered in 
 the analysis, potential effect on patient falls and nurse load was excluded. All three analyses are 
 presented in more detail in the following sub-chapters.  



4.1  Early economic evaluation 


The objective of this analysis was to gain information on whether the Ably Bed has potential 
 for being a cost-effective technology. The analysis performed was a cost utility analysis, where 
 the cost-effectiveness of the Ably Bed in combination with common practice of prevention of 
 HAPUs is expressed in terms of incremental cost per QALY gained (ICER).  


4.1.1 Intervention and comparator 


The intervention assessed, is the Ably Bed in combination with common practice for prevention 
 of HAPUs. In order to be able to say something about the interventions’ cost-effectiveness, it 
 was compared to the common practice for prevention of pressure ulcers. The common practice 
 of PUs at hospitals may vary between countries, hospitals and wards. However, it normally 
 includes risk assessment by the use of the Braden scale, use of pressure relieving overlays and 
 mattresses,  including  high  specification  and  pressure  alternating  mattresses,  regular  skin 
 assessment,  turning  of  patient,  skin  care,  wound  dressings,  nutritional  supplements  and 
 ointments (Padula et al., 2011, Schuurman et al., 2009).  


The Ably Bed is not designed to replace common practice for prevention. Rather, it is meant to 
function as a supplemental technology for reducing the risk of developing PU. The Ably Bed 
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 was therefore considered as an add-on technology, where the special mattresses could be used 
 in  combination  with  the  bed. The  Ably  Bed  in  combination  with  common  practice  was  the 
 assessed prevention method. Common practice for prevention was the comparator.  


4.1.2 Perspective 


As the economic evaluation was performed with the objective to inform the developers and 
 investors about the potential cost-effectiveness of the Ably Bed, the perspective chosen was the 
 perspective of the buyers, more specifically, health care providers. 


4.1.3 Population 


The  target  population  of the  study  was  patients  admitted  to  a  hospital,  receiving  preventive 
 measures  for  pressure  ulcers.  The  practice  for  prevention  may  vary  between  hospitals. 


According to Schuurman et al. (2009) preventions should be given to all patients admitted for 
 5 days or more as those are at risk of developing HAPUs. However, preventive measure may 
 be given to all patients at inpatient wards.  


4.1.4 Time horizon  


The healing time for PU was derived from the literature. According to Bennett et al. (2004), 
 mean healing time per PU grade is 28.4 days for grade I, 93.8 days for grade II, 127.4 days for 
 grade III and 154.7 days for grade IV. No healing time exceeding a year was found. The time-
 horizon for this analysis was therefor set to 1 year.  


4.1.5 Model structure 


To  assess  the  cost-utility  of  the  intervention,  decision  modelling  was  performed,  and  a 
probabilistic  decision-tree  model  was  developed  using  Microsoft  Excel.  Decision-trees  are 
widely used in economic evaluations but are often considered simple model structures with 
certain limitations. However, decision-trees may be preferred due to its simplicity, and as this 
was an early-stage economic evaluation, it was considered to be a suitable choice of model, 
especially  in  a  setting  where  it  may  be  used  by  non-experts,  such  as  in  an  entrepreneurial 
medical device company.  
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 In this model, the patient entered the decision-tree model when admitted to the hospital. The 
 structure of the model was designed with the intention to simplify a hospitalization of a patient 
 receiving preventive HAPU care. After a patient received either of the two preventive strategies, 
 patients could either develop a HAPU or not. When a HAPU developed, it could either heal 
 normally,  relapse  after  treatment,  or  develop  into  a  HAPU  of  grade  III/IV.  A  patient  that 
 developed HAPU of grade III/IV could either be healed, experience a relapse of same grade, 
 complications or die. Complication and death was included here to reflect that patients with 
 HAPUs of this stage are normally older, very sick and bed bound patients, with a generally 
 higher chance of both complications and death (Bredesen et al., 2015, Coleman et al., 2013). 


Figure 4 demonstrates the structure of the decision-tree.  


Figure 4 Decision-tree.  


Square-shaped nodes represents a decision. Circular nodes are chance-nodes with conditional probabilities for 
each arm. The triangular nodes are end-nodes representing final outcomes.
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 The square-shaped decision node in the decision tree indicates the decision point between the 
 two alternatives, Ably Bed in combination with common practice for prevention or common 
 practice  only.  The  circle-shaped  chance  nodes  indicate  where  alternative  outcomes  were 
 possible.  There  are  conditional  probabilities  connected  to  each  point  marked  with  a  circle-
 shaped node. This implies that the probabilities sum up to one, and that the events coming from 
 the same chance node are mutually exclusive. The triangular-shaped terminal nodes at the end 
 of each branch indicates end-points for each possible path of the model. The path-probabilities 
 are  unconditional  probabilities. The  total  expected  effect  of  each  decision (intervention  and 
 comparator)  was  calculated  by  summing  all  the  probabilities  for  each  patient  pathway 
 belonging to each decision and multiplying it with the utility value for each specific outcome. 


Total  expected  cost  for  intervention  and  comparator  was  found  by  multiplying  pathway 
 probabilities belonging to each decision with the total cost related to each pathway.  


4.1.6 Model inputs 


The  inputs  in  the  cost-utility  model  was  derived  from  several  different  sources.  Model 
 parameters  for  both  probabilities,  HRQoL  utilities  and  costs,  were  found  in  literature  by 
 performing  literature  searches.  The  searches  were  done  from  Oria  and  PubMed,  using  key 
 search words such as: “prevention pressure ulcer”, “cost of pressure ulcer”, “hospital acquired 
 pressure  ulcer”,  “cost-effectiveness  pressure  ulcer”,  “HRQoL  pressure  ulcer”  and  “pressure 
 ulcer  prevention”.  Other  model  inputs  were  expert  opinions,  derived  from  the  stakeholder 
 interviews. Some inputs were estimates coming directly from the developer, Ably Medical AS. 


Health outcome: 


The primary health outcome of the analysis was QALYs, which incorporated both the length 
 of life and the utility values for a specific health state; HRQoL. The end-point utilities connected 
 to each path-way in the decision tree are shown in Table 2.  


QALYs were calculated by multiplying the HRQoL utility values with the time spent in the 
health state. As the time-horizon of the study was one year only, the QALYs were equal to the 
HRQoL utility values. The ICER was estimated using the utility scores for the five possible end 
points in the decision tree, which were; No HAPU, HAPU stage I/II, HAPU stage III/IV, HAPU 
stage III/IV with complication, and dead. Utility values used in the analysis were taken from 
Padula et al. (2011), who performed a CEA comparing the cost-effectiveness of standard-care 
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 and prevention of HAPUs. As no utility score of having a PU stage III/IV with complications 
 was found in the literature, it was for modelling purposes assumed to be 15% lower than the 
 utility of having a PU grade III/IV with no complication.  


Table 2. HRQoL utility values.  


Input parameter  Value  Source 


Utility of being PU free  1.00  Padula et al. 2011 


Utility of having HAPU stage I/II  0.78  Padula et al. 2011 


Utility of having HAPU stage III/IV  0.60  Padula et al. 2011 


Utility  of  having  HAPU  stage  III/IV  with 
 complication 


0.51  Assumed 


Utility of being dead  0.00  Padula et al. 2011 


Values are ranging from 0-1, where 1 represents utility of having perfect health and 0 represents utility of 
 being dead. 


Costs: 


As the evaluation was done from a health care perspective, only costs that were assumed to 
 fall on the health care provider, in this case the hospital, was included. The model did not 
 incorporate costs that were not directly related to the prevention and treatment of HAPU. 


Hence, the total costs related to each of the arms (patient pathways) in the decision-tree, did 
 not include costs of care for the treatment that the patient is hospitalized for, as well as “hotel” 


costs per day and other administrative costs. Table 3 gives an overview over all the different 
 costs inputs in the model. Costs where converted to NOKs by following the Norwegian 
 National Banks yearly exchange rates (Norges Bank, 2018). The numbers where thereafter 
 adjusted for consumer price index to reflect inflation. Inflation rates was calculated based on 
 Statistics Norway (2018) index overview. Complete cost calculations are available in 


Appendix. 


The cost of common practice was taken from the Dutch study by Schuurman et al. (2009). In 
their micro-cost study, 180 cost items related to common practice were identified and grouped 
into the categories; cost for repositioning, cost for mobilization, cost for wound care and cost 
for resources such as special beds, mattresses, wound dressings, nutritional supplements and 
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 ointments. The cost of treatment of HAPU stage I/II and III/IV were derived from the same 
 study.  The  main  cost  items  for  treatment  were  similar  to  the  prevention  (special  mattress, 
 repositioning, mobilization, ointment, wound care and wound care products), and increased by 
 the grade of PU as the time to heal increased. As the 4 grades are grouped into group I/II and 
 III/IV, costs were based on the average of the two, in order to find cost per group. For simplicity, 
 cost of relapse were set to be equal the treatment for each of the two severity groups.  


The cost of Ably Bed per patient was calculated based on a unit price of USD 25 000 (NOK 
 206 575) with an exchange rate of 6.3696. It was assumed that the be had a life time of 10 years, 
 resulting in a yearly cost of USD 2500 (NOK 20 658). The unit price of the bed per patient, 
 with an average LOS of 4.2 days (Statistics Norway, 2017), was then calculated to be USD 29 
 (NOK 237). Calculations can be found in Appendix.  


Cost of complication was based on the Danish study by Mathiesen et al. (2013). In their study, 
 critical colonization, cellulitis and osteomyelitis was included as possible complications. The 
 total cost of complication was calculated as the average of these three complications in order to 
 get a cost that would suite the structure of the model, where complications were grouped into 
 one arm in the decision-tree. Calculations can be found in Appendix. 


Table 3. Cost parameters. 


Input parameter  Value  Source 


Cost of common practice for prevention   NOK   3 163  Schuurman et al. 2009 


Cost of Ably Bed per patient  NOK      237  Calculated 


Total cost of treatment PU stage I/II  NOK   4 198  Schuurman et al. 2009 
 Total cost of treatment PU stage III/IV  NOK 14 556  Schuurman et al. 2009 


Cost of death  NOK 12 774  Mathiesen et al. 2013 


Cost of relapse HAPU stage I/II  NOK   4 198  Assumed 


Cost of relapse HAPU stage III/IV  NOK 14 556  Assumed 


Cost of complication  NOK 37 096  Based on Mathiesen et al. 2013 


Parameters are used in the model by assigning costs to each of the arms in the decision-tree. Full calculations 
are available in Appendix.  
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 Probabilities: 


The conditional probabilities in the decision tree are presented in Table 4. The incidence rate, 
 or probability of developing a HAPU was based on an expert opinion retrieved from stakeholder 
 interviews. 


Table 4. Probability parameters.  


Parameter  Value  Source 


When prevention is given: 


Prob. of HAPU I/II  0.130  Expert opinion 


When HAPU I/II have developed: 


Prob. of being healed from HAPU I/II after 
 treatment 


0.652  Calculated 
 Prob. of experiencing a relapse of HAPU I/II 


after treatment 


0.116  Padula et al. 2011 
 Prob. of developing HAPU III/IV  0.233  Padula et al. 2011 
 After a relapse: 


Prob.  of  being  healed  after  2nd  round  of 
 treatment 


0.990  Assumed 


When HAPU III/IV is developed: 


Prob.  of  being  healed  from  HAPU  III/IV 
 after treatment 


0.698  Calculated from Padula et al. 2011 
 Prob.  of  experiencing  a  relapse  of  HAPU 


III/IV after treatment 


0.035  Padula et al. 2011 
 Prob.  of  complication  when  having  HAPU 


III/IV 


0.195  Mathiesen et al. 2013 
 Prob. of death when having HAPU III/IV  0.072  Padula et al. 2011 
 Prob.  of  being  healed  from  HAPU  III/IV 


when place in an Ably Bed* 


0.675  Assumed 


Relative risk reduction with Ably Bed: 


Relative risk reduction of HAPU I/II  0.900  Assumed 
 Relative risk reduction of HAPU III/IV  0.900  Assumed 


Values are representing conditional probabilities that were used in the decision tree. Values are split up according to 
 the structure of the decision tree to illustrate probabilities that are conditional on each other. 


*  Due  to  the  relative  risk  reduction  of  HAPU  III/IV  from  the  Ably  Bed,  the  value  was  adjusted  to  ensure  that 
conditional probabilities summed up to 1.   
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