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Abstract
Healthcare services are facing increasing challeng-
es in dealing with chronic diseases. These challeng-
es include resource limitations, lack of funding, long 
waiting lists, and hospital admissions. New medical 
technologies, especially self-administered interven-
tions can provide solutions to many health service 
challenges, reduce the need for painful surgical in-
tervention, and drive patient empowerment.

A longitudinal case study over ten years focused on 
the design and ongoing development of the Noctura 
400 sleep mask, a patient administered non-invasive 
treatment for diabetic retinopathy (DR) and diabetic 
macular oedema (DME) produced by PolyPhotonix 
Ltd. In order to address a diverse range of factors that 
influence patient behaviour in their daily lives, the 
researchers employed a multiple perspective prob-
lem framing (MPPF) approach during the design and 
development of an entirely new type of product and 
service. This case study considers the relationship of 
factors involved in the design and development of 
the Noctura 400 mask and retrospectively explores 
the relevance of adherence factors during its design 
and development.

Keywords 
Medical Technology, Design Process, Multi-Perspec-
tive Problem Framing, Patient Adherence, Medical 
Innovation
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Introduction1.0
Healthcare services are facing increasing 
challenges relating to chronic illnesses es-
pecially in the context of the COVID-19 pan-
demic; these include increasing costs, lack of 
nurses and clinicians, and lack of resources 
especially in rural areas. This paper demon-
strates how self-administered medical tech-
nology innovation can benefit both patients 
and healthcare systems. 
The PolyPhotonix Noctura 400 sleep mask 
provides a low level, controlled wave-
length nocturnal light source, which offers 
a non-invasive treatment for diabetic retin-
opathy (DR) and diabetic macular oedema 
(DME). This Noctura 400 case study explores 
the role of design thinking in developing an 
innovative medical technology intervention 
that saves the patient multiple surgical pro-
cedures and significantly reduces the cost of 
DR and DME treatment services. A Multiple 
Perspective Problem Framing approach was 
employed in order to balance factors relat-
ed to patient needs, business viability, and 
technical feasibility.
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The Growing Healthcare 
Challenges

2.0

Healthcare services are facing growing challenges 
related to the increasing number of patients who 
suffer from chronic diseases. At the top of these 
challenges are the financial barriers represented by 
expenditure that is increasing at an unsustainable 
rate. In the UK, the healthcare budget has doubled 
from 3.5% in 1949–1950 to 6.5% in 1999–2000. More 
than 50% of this budget is allocated to hospital 
treatments (Emmerson et al., 2000). Other problems 
include lack of specialist clinicians (Torjesen, 2012), 
long waiting times, lack of resources, and lack of 
capacity, all of which impact the ability of health 
services to meet patients’ needs (Silvester et al., 
2004). Global healthcare expenditure has risen from 
8.6% in 2000 to 10% GDP in 2017 and in the UK this 
growth has been even more dramatic, rising from 
6% in 2000 to 10% GDP in 2017 (The World Bank, 
2020). This data shows that healthcare expenditure 
in the UK is one of the highest in the world.

Healthcare challenges have increased further 
as a result of the COVID-19 pandemic. Hospital 
admissions have increased by 4.4%, and 30% of 
admitted cases have required critical care. COVID-19 
has increased demands on healthcare services whilst 
also putting health workers at risk of infection and 
absence due to self-isolation. These factors have 
had a significant impact on the ability of hospitals to 
provide appointments for other diseases including 
life-saving chemotherapy (Willan et al., 2020).   

Figure 1. A comparison of global and UK healthcare expenditure as a 
percentage of GDP (The World Bank, 2020).



6

Patient Empowerment During 
the COVID-19 Pandemic

3.1 Benefits for healthcare

3.0

Patient empowerment aims to move healthcare systems from an obeyance relation-
ship between clinician and patient to a concordance partnership relationship be-
tween both (Anderson, 1995; Awé, & Lin, 2003; Funnell, 2016; Segal, 1998). Patient 
empowerment provides a paradigm of medical treatment that widens the scope of 
traditional healthcare systems to include psychosocial aspects of patient experience 
such as emotional, social, and cognitive factors (Arnold et al., 1995).It can help pa-
tients to be pro-active in decisions related to their health and take a pro-active role 
in their own care. Currently, this  concept concept of patient empowerment is an 
integral part of diabetes treatment and can educate patients about behaviour relat-
ed to their nutrition, weight, and physical activities (Anderson & Funnell, 2010). The 
revolution in eHealth and web-based interventions contributes to extending the role 
of patient empowerment and self-efficacy (Samoocha et al., 2010).

Patient empowerment and self-administered 
treatments are based on self-determination theory, 
which is one of several theories that target im-
proving adherence to the treatment regimen. Low 
adherence is one of the most significant challenges 
faced by healthcare systems, as it impacts nega-
tively on the economy, the outcome of prescribed 
treatment, and patient appointments (Bosworth et 
al., 2006). Accordingly, empowering patients can 
have a positive impact on both patient adherence 
and healthcare services. These benefits can help 
to manage demands on the healthcare system by 
reducing the need for hospital appointments and 
dependence on clinicians. Additionally, extending 
the patient’s contribution in the healthcare process 
can improve their self-care especially in relation to 
chronic diseases such as diabetes, hypertension, 
and depression. From an economic perspective, 
Patient participation can help to reduce unneces-
sary, invasive, and costly treatments (Colombo et 
al., 2012).

Editorial photo by Andrea Piacquadio from Pexels.com
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3.2 Challenges, risks, and 
opportunities
Self-determination underpins changes in patient 
behaviour and improved adherence (Bosworth 
et al., 2006). However the application and effec-
tiveness of social learning and behaviour change 
theories varies depending on the disease and its 
treatment, as found by Colombo et al. (2012) in 
relation to diabetes, Alegría et al. (2008) in relation 
to mental health, and van der Vaart et al. (2013) in 
relation to rheumatology. The complex nature of 

Diabetic Retinopathy (DR) and 
Diabetic Macular Oedema (DME)

4.0

Globally, there are approximately 148 million peo-
ple with (DR) which is the leading cause of blind-
ness for working age adults (Keenan et al., 2013). 
Worldwide, 415 million people have diabetes and it 
is estimated that another 193 million have undiag-
nosed diabetes (Chatterjee et al., 2017). In the UK, 
more than one in every 17 people is diabetic, and 
all diabetics are at risk of developing DR (Diabetes 
UK, 2015).
The development of diabetic retinopathy (DR) is 
linked to demand for oxygen by the eye. Consump-
tion of oxygen by the retina increases by around 
40% at night due to dark adaption by rod photore-
ceptors. In the healthy eye, this increased demand 
for oxygen is fulfilled by increasing the blood 

flow through the retinal vasculature. The diabetic 
patient suffers from microvascular damage, which 
includes damage to the tiny blood vessels of the 
retina. This compromises retinal blood circulation 
and leads to retinal hypoxia. The increase in retinal 
hypoxia increases the vascular endothelial growth 
factor (VEGF). The newly created vessels are leaky 
(Bresnick, 1986) which may cause DR and DME 
(Grierson, & Kirk, 2015). 
The current surgical intervention involves two 
main treatments as outlined in 4.1 and 4.2 below.

Editorial  
photo by Ed-
ward Jenner 
from Pexels.

com

factors related to patient behaviour may stand as a barrier to patient empowerment. 
Additionally, other studies have shown a lack of clear definition and practical applica-
tion of a patient empowerment model (Anderson & Funnell, 2010), which needs to be 
considered to nurture patient empowerment.
Transformation toward a patient empowerment system can provide potential solutions 
to some of the critical challenges that face healthcare services. Accordingly, the devel-
opment of patient administered and patient empowered medical technology (Kramme 
et al., 2011), including wearable technologies (Teng et al., 2008) and wearable biosen-
sors (Ajami & Teimouri, 2015), provides an opportunity to overcome these obstacles 
and increase patient empowerment. However, if health services are to capitalise on this 
opportunity, they must address the issues of adherence that are inherent in self-admin-
istered treatments.
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4.1 Scatter Laser Photocoagulation (Pan 
Retinal)
Scatter laser photocoagulation (figure 2) is a physician administered intervention that 
has been proven successful in treating DR and DME (Fong et al., 2007). In this surgery, 
laser photocoagulation is directed at microaneurysms and applied in a grid system to 
diffuse leakage (Bresnick, 1986). Studies associated with randomised clinical trials have 
shown significant improvement in the treated eyes and reduction in visual deterioration 
compared with the untreated eye (Bresnick, 1986; Fong et al., 2007). This intervention 
can reduce vision loss by 50% (Akduman & Olk, 1997). However, studies have identified 
side effects associated with laser treatment that include decline in visual function, re-
duction in contrast sensitivity.tion in colour vision, and reduction in contrast sensitivity.

Figure 2. 
Fundus photo 
showing scatter 
laser surgery 
for diabetic 
retinopathy. 
(Credit: National 
Eye Institute, 
National 
Institutes of 
Health Ref#: 
EDA09).

4.2 Anti-VEGF Drugs
Another physician administered intervention involves an-
ti-VEGF eye injections that control the role of vascular en-
dothelial growth factor (VEGF) which is the main cause of 
DR and DME. Such injections can be given independently 
or in parallel with photocoagulation treatment (Stefanini 
et al, 2014). 

Because anti-VEGF injections only have a short-term effect 
they need to be repeated at regular intervals and this 
increases the risk of retinal detachment. (Bahrami, Hong, 

Gilles, & Chang, 2017). Additionally in some rare cases patients can develop in-
flammation in the intraocular cavities inside the eye known as endophthalmitis.

Several clinical trials have found that Ranibizumab anti VEGF injections  offered 
patients greater vision improvement after a 12-month period (Bahrami, Hong, 
Gilles, & Chang, 2017) when compared with laser photocoagulation treatment.

Figure 3. An anatomical 
diagram of the human 
eye, showing vitreous 
humor in the vitreous 
chamber. (Artwork 
credit: by Holly Fischer. 
Source: Wikipedia)
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Although both laser photocoagulation and anti-VEGF surgical 
injections provide effective treatment for DR and DMO, this 
comes at a cost. Fong et al., (2007) highlighted that scatter laser 
photocoagulation is aligned with complications such as vision 
loss, diminished visual field,and reduction in vision’s colour and 
contrast. Other complications associated with laser photoco-
agulation include the risk of retinal bleeding, choroidal detach-
ment, and exudative retinal detachment (Velez-Montoya et al., 
2010). 

Because anti-VEGF injections only have a short-term effect they need to be repeated at regular inter-
vals (Bahrami, Hong, Gilles, & Chang, 2017) and this increases the risk of retinal detachment.  Addi-
tionally, in some rare cases patients can develop inflammation in the ntraocular cavities inside the eye 
known as endophthalmitis. (Osaadon, Fagan, Lifshitz, & Levy, 2014).

Eye damage caused by diabetes can lead to the risk of blindness (Meads & Hyde, 2003; Narayan et al., 
2000) and although anti-VEGF eye injections and laser photocoagulation can  reduce such risks, these 
treatments maintain a significant economic burden on health services. The cost of a single anti-VEGF 
injection can vary from £550 to £800 (Hollingworth et al., 2017) and the majority of the direct medical 
cost is related to hospitalisation expenditure (Williams et al., 2002). To summarise; the cost for an-
ti-VEGF drugs for DMO treatment in one eye is £6,536 per patient per year (based on £550 per injec-
tion, £267 per day-case appointment, and eight treatments per year) (Nice, 2018). and the annual cost 
of  laser photocoagulation treatment is more than £7,800 (Royle et al., 2015).

5.0

Oedema (DMO), two of the leading causes of blindness.
The Noctura 400 (figures 4, 5, and 6) presents a potential alter-
native to painful invasive interventions (such as eye injections) 
at £900 to £1250 per annum it is also a more cost-effective treat-
ment when compared with other interventions (NICE, 2018).

* Editorial photo on top right by 
Vidal Balielo Jr. from Pexels

Figure 4. Noctura 
400 from PolyPho-
tonix. (Credit: Ian 
Balmain Hewitt 
eon-designs.com-  
Source: PolyPho-
tonix) 

 Noctura 400 Mask: The 
Opportunity

PolyPhotonix Ltd. is an SME located in the North East of England specialising in the application of print-
ed organic light to improve health and wellbeing. The company’s main product is the Noctura 400 sleep 
mask: a self-administered non-invasive treatment for Diabetic Retinopathy (DR) and Diabetic Macular 
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The development of Noctura 400 began in 2010 as part of a Northern 
Way funding call ‘Building a Sustainable Future for UK Printed Elec-
tronics’ and led to a tri-party collaborative project between PolyPho-
tonix Ltd. (Lead Organization), Northumbria University, and ICONET 
Ltd. Professor of Ophthalmology Geoffrey Arden provided specialist 
expertise related to light based treatment for DMO and DR. Research-
ers at Northumbria University School of Design, worked closely with 
PolyPhotonix, employing a multiple perspective problem framing 
method to identify the cornerstones of a new type of non-invasive 
treatment. As a result of this method, a treatment pod was devel-
oped incorporating thin film printed OLED’s and positioned over 
each eye using a breathable fabric mask that can be worn comforta-
bly during the hours of sleep. The resulting device allows patients to 
self-administer the treatment regimen. Patents for the device were 
granted in the EU, US, Japan, China, Mexico, Australia, Canada, and 
South Korea (English et al., 2015).

Figure 5. Noctura 400 from PolyPho-
tonix. (Credit: Ian Balmain Hewitt 
eon-designs.com-  Source: PolyPho-
tonix) 

5.1 Brief of Clinical Trials 
Six clinical trials have been conducted using the prototype treat-
ment cartridge and mask shown in figure 3. In total these trials have 
involved 674 participants and have produced over one million hours 
of patient data. Below is an overview of two of the trials, their results, 
and a reflection on each trial.
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5.1.1 CLEOPATRA trials

A phase 3, single-blind, parallel-group, randomised controlled trial aimed to assess 
the 24-month outcome of wearing the mask to treat and prevent the progression of 
the non-central diabetic macular oedema. The trial was conducted at 15 ophthalmic 
centres in the UK between 10th April 2014 and 15th June 2015, and the results were 
published on 5th March 2018 in the Lancet (Diabetes Endocrinology). Adults with 
non-central diabetic macular oedema were randomly assigned 1:1 to wear Noctura 400 
mask and sham non-light mask for 24 months. The primary outcome was the change 
in the maximum retinal thickness using the optical coherence tomography (OCT) at 24 
months. While the patients self-administrated the treatment, the data was collected 
and analysed every four months. The patient adherence to the mask-wearing regimen 
was 4.5% (7/155) at the 24 months. No severe effects of wearing the mask were detect-
ed. However, patients reported discomfort on the eyes, pain, sticky, watery eyes, and 
sleep disturbance on varied levels. The final results of the clinical trial have shown no 
significant change in the retina thickness between wearing the mask and not wearing 
it. It should be noted, however, that a a 19.5% compliance rate equates to patients 
wearing the device less than one night in five and therefore raises questions as to 
whether the trial was able to distinguish functional efficacy from patient adherence 
(Sivaprasad et al., 2018).

5.1.2 Czech Republic trials 

This trial was conducted in the Vinohrady Eye Department, Prague, in 2013 and for the 
duration of six months. The trial aimed to evaluate the safety and the mask-wearing 
characteristics of Noctura 400. Forty-five patients suffered advanced proliferative or 
early-stage proliferative DR, and all of them had diabetic macular oedema. Patients 
were asked to wear the mask for eight hours every night and visual acuity and macular 
thickness was measured at three month intervals. Adherence to the mask-wearing reg-
imen was 78% and 35 patients completed the trial. During the tria,l the mask was worn 
for 4.96 +/- 2.97 hours without significant lack of persistance. The average number of 
missed nights was 34.1 +/- 39.0. Follow-up phone calls were regularly conducted with 
the patients regarding their treatment. The results of this trial were more promising 
when compared with the CLEOPATRA trial as they showed an improvement in revers-
ing the visual deterioration, even in advanced cased of DR. The trial indicated that the 
mask could safely be worn with expected benefits and no adverse side effects (Kuchy-
nyka et al., 2017). 

* Editorial photo. 
Source: PolyPho-
tonix
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5.1.4 Observations on clinical trials
Two interesting observations arise from a comparison between 
CLEOPATRA and Czech trials:
• There is a very significant difference in adherence between both tri-
als. While adherence in CLEOPATRA trial reached 4.5% during the 24 
months, the Czech Republic trial exceeded 70% over the six-month 
period
• The follow-up with the patients occurred every six months in the 
CLEOPATRA trial, while it was on monthly basis in the Czech Republic 
trial. 
The main reason for the follow-up in both trials was to 1) collect the 
data stored on the mask, and 2) ask about the patients’ experience. 
According to these two observations, the evidence suggests that 
patient’s adherence is the main factor that affects the usage regimen 
of the mask, and consequently the efficacy of the treatment as 
judged by the clinical trials. As a result of this assumption, adherence 
is examined further in the following part of this paper based on 
the theoretical models and practical factors that affect patients’ 
behaviour.

5.1.3 NICE case study
In April 2018, the National Institute for Care and Health Excellence 
published an evaluative case study based on five observational stud-
ies (Arden, 2010; Arden; 2011; Kuchynyka et al., 2017; Ng, 2017; Sahni 
et al., 2017) in both the UK and Europe. The Arden trials were con-
ducted on a small scale and using a predecessor device. The results 
of the case study show that the mask can be useful for patients with 
Diabetic Macular Oedema and mild to advanced non-proliferative 
diabetic retinopathy. However, the case study highlighted limitations 
in the quantity and quality of data and the lack of randomised com-
parative studies to assess the effectiveness of the mask.  

Figure 4. Noctura 
400 from PolyPho-
tonix. (Credit: Ian 
Balmain Hewitt 
eon-designs.com-  
Source: PolyPho-
tonix) 
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 Application of the Double 
Diamond Design Thinking

6.0

Design thinking is a methodo-
logical approach that aims to 
solve problems and create new 
value through considering three 
factors: 1) human desirability, 2) 
business viability, and 3) techno-
logical feasibility (Brown, 2008). 
Designing involves divergent 
and convergent activity in both 
problem spaces, in which design-
ers clearly define the problem 
and understand it from different 
perspectives and solution spaces 
in which designers create and 
prototype different possible solu-
tions and converge their choices 
through iteration and testing 
(Dorst, 2015). This is summarised 
by the UK Design Council Double 
Diamond model (figure 5).
Cox (2005) describes how this 
approach drives creativity and 

Figure 5. The Double Diamond model. Adopted from the Design Council (2007).

innovation inside organisations 
through clear definition of the 
problem and the iteration and 
testing of different solutions.
In this Noctura 400 case study, 
the problem was defined and 

solutions were generated by em-
ploying a Multiple Perspective 
Problem Framing (MPPF) meth-
odology (English 2010).

English (2008) provided an approach to overcome the limitations inherent in framing 
a problem or situation from a dominant perspective. Building on DeWaal’s research 
(2006) and Galbraith’s star model (1995), English (2010) presented a multi-perspective 
problem framing method that articulates the complexity of the problem space and 
reveals hidden opportunities for innovation and business value. To frame the opportu-

Editorial photo 
by Daria 
Nepriakhina. 
Unsplash.com

6.1 Multiple Perspective Problem Framing Method
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nity for self-administered treatment of DR, the researchers em-
ployed a multiple perspective problem framing approach (English 
2010), whereby data is collected through several distinct fields of 
enquiry. This data is then mapped onto a single canvas in order to 
construct an integrated ‘Value Arena’ (English 2010). The aim of the 
approach is to build a complex relationship of factors that can be 
interpreted in different ways with relevance to the experience and 
expert choices of the development team. To facilitate this, MPPF 
involves a range of techniques that assist in interpreting a com-
plex relationship of data, in order to frame potential opportunities 
by way of the concepts of ‘Cornerstones of Innovation’ and ‘Design 
Universals’.

Editorial Photo by You X Ventures. 
Unsplash.com

6.1.1 Fields of enquiry 
To use the MPPF in order to develop a techno-
logical solution for the DR and DMO, six fields of 
enquiry (FoE) were initially identified:
1. Current scientific medical research into the 
impact of light in the treatment of diabetic retin-
opathy, in collaboration with Prof. Geoffrey Arden 
(Arden et al., 2010; Arden et al., 2011) and Prof Ian 
Grierson (Czanner et al., 2015; Kuchynyka et al., 
2017).
2. Technology innovation in the manufacture 
of thin film OLED lighting, in collaboration with 
National Centre for Printed Electronics CPI (includ-
ing research into power supply technologies and 
embedded sensors) and PolyPhotonix Ltd.

3. Human factors and functional considerations. Anthropometric data relating to head shape, position 
of eyes in relation to nose, width between eyes, and depth of eye sockets, in collaboration with Northum-
bria University.
4. Sleep patterns and habits. Circadian rhythms and patient comfort, in collaboration with Northumbria 
University.
5. Product/service requirements stakeholder networks. CE marking and clinical approvals processes, 
in collaboration with Iconet Ltd and PolyPhotonix Ltd.
6. Change factors. Prevalence of diabetes and impact of the disease. Development of retinopathy and 
influencing factors, in collaboration with Iconet Ltd.
By mapping the outcome of these distinct enquiries, the researchers constructed a Value Arena describ-
ing the complex interrelationship of relevant influences as illustrated in figure 6.

Figure 6.  Relationship of fields of enquiry constituting a value 
arena.
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6.1.2 Framing using Cornerstones of In-
novation and Design Universals
By adopting a range of MPPF methods to syn-
thesise and interpret data in the Value Arena the 
researchers identified six ‘Cornerstones of Innova-
tion’ (English 2007a) used to frame the potential for 
creative product design:
I. Patient-administered
II. Professionally monitored
III. Washable/cleanable
IV. Dose controlled light treatment device
V. Consistently located over the diabetic eye
VI. Normal comfortable sleep

These cornerstones can also be written as a ‘Design 
Universal’ (English 2007b) that aims to completely 
and exclusively describe the bounds of the prob-
lem space:
This process framed the development of a treat-

ment device (FoE 1 scientific medical research and 
five product/service requirements and networks) 
as shown in development in figure 7, and proto-
type in figure 3 consisting a substantially planar 
and flexible cartridge comprising:
• A light source (FoE 2 printed OLED technology 
innovation) 
• Mount element (Shape of cartridge/pod in-
formed by FoE 3 human factors) insertable into a
• Holding element (FoE 3 human factors. Mask to 
fit to face) 

Patient-administered, profession-
ally monitored, washable, dose 
controlled light treatment device 
located consistently over the dia-
betic eye during normal comfort-
able sleep.

Figure 7: Development of treatment car-
tridge and holding element (mask).



16

6.1.3 IP and Development of Intellectual Property

Several patents have been granted for the device. However, evidence of the underpinning MPPF ap-
proach can be seen most clearly in the claims of the patent family first granted as EP2686066 (B1) (Eng-
lish et al., 2015). This patent has been published and granted in Europe, China, USA, Mexico, Japan, and 
Australia. The patent grants PolyPhotonix a monopoly right over Noctura 400 and has led to international 
license deals, in France, Brazil, Argentina, and Oman, and prospective open label and randomised control 
trials in Czech Republic, UK, and Hong Kong. As a result of this activity, PolyPhotonix Ltd. is developing an 
international network of clinicians and service providers and has been able to attract funds of over £19.5 
million to fund business development globally.
The main claim of this patent reads:

“A cartridge for operable connection with a holding element to form a phototherapy 
apparatus, the cartridge comprising: 
a radiation source for emitting radiation towards one or more eye of a user; 
a mount element for positioning the radiation source in a predetermined position rela-
tive to the one or more eye; 
wherein the cartridge is substantially planar and flexible to fit to the face of the user; 
wherein the mount element comprises a locating portion configured for locating the 
cartridge at a predetermined position with respect to the face of the user, and 
wherein the cartridge is configured to be insertable and holdable in the holding device.”

Figure 8. Prototype treatment cartridge and mask used in clinical trials.
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Interestingly, fields of enquiry 4 (sleep patterns and habits) and 6 (change factors) are not directly evi-
denced in this patent, but as we will see later they have significant relevance to the development of a 
usable product and as such represent critical patient adherence considerations.

The configuration of the design is also registered through the OHIM, European Community Design Regis-
tration (English et al. 2013).

6.1.4 Rating feedback against fields of enquiry 

In order to reflect the effectiveness of the application of the MPPF method, patients’ feedback was con-
sidered against the chosen Cornerstones of Innovation, especially those related to the usage of the 
device. NICE (2018) provided a summary of the trials conducted on the Noctura 400 mask. In the Czech 
Republic trial (Kuchynyka et al., 2017), patients provided feedback and comments related to the usage of 
the mask as follows:
• 63% recommended the mask for other DR patients
• 23% found the mask uncomfortable
• 23% reported sleeping difficulties 
• 14% reported that the mask affected their day to day routine
• 7% of the patients left the trial early because of their tolerance related to the light or wearing the mask

 Recommended the mask for other DR
patients

Found the mask uncomfortable

Reported sleeping difficulties 

Reported that the mask affected their 
day to day routine

Left the trial early because of their 
tolerance related to the light or wearing 

the mask

63%

23%

23%

14%

7%

Another observation from the various trials is related to the mask-worn time. As highlighted earlier, the 
Czech Republic trial indicated that the mask-worn time varied across patients. For example, 82.9% of 
patients wore the mask at least 100 hours per month (Kuchynka et al., 2017). In the CLEOPATRA trial, 
compliance to the treatment dropped to 19.5% over the 24 months (Sivaprasad et al., 2018). This aligns 
to the WHO report (Sabaté, 2003) that highlights the low level of compliance to chronic diseases’ treat-
ments. 
The above statistics provide insights into some of the factors that may affect the patient adherence to a 
recommend regimen. These factors can be mapped onto two of the cornerstones of innovation identi-
fied in 4.2: CoI II (Professionally monitored) and CoI VI (Normal comfortable sleep).
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6.1.5 Identification of development needs 

Design process is characterised by its iterative, problem solving, 
reflective, and uncertain nature (Dorst & Cross, 2001; Brown, 2009). 
Accordingly, the cornerstones of innovation identified at the early 
stage of product development provide an explorative method to 
consider the factors that may affect a patient’s usage of the device. 
These factors are subject to modification and enhancement based on 
the outcome of the clinical trials and patient testing. As a result, field 
data can be used to refine and improve the cornerstones for further 
development of the product.

Editorial Photo. Source: PolyPhotonix.
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This paper provides a case study of Noctura 400 a non-invasive, sleep mask developed by PolyPhotonix 
Ltd which offers self-administered treatment for DR and DME caused by diabetes. 

In this case study, a multiple perspective problem framing MPPF (English 2010) approach was used to 
collect and synthesise a broad range of contextual information and to model the potential relationships 
between these factors. This led enabled the researchers to identify six ‘cornerstones of innovation’ (Eng-
lish 2007a) which, in combination, describe a self-administered treatment innovation (Noctura 400) and 
form the claims of an internationally granted patent. 

Noctura 400 device has been used by 674 patients and feedback from clinical trials has identified areas 
for improvement, such as patient adherence, and this has subsequently informed further product and 
service refinement. Mapping MPPF to adherence literature studies has shown that a lack of effective con-
sideration of adherence factors may critically influence the results of clinical trials and that this may be a 
barrier to the adoption of valuable and clinically effective self-administered treatments. Consideration of 
complex adherence factors has been informed through primary and secondary research and synthesized 
and interpreted through MPPF. The investigation described in this paper helps to inform a general pa-
tient adherence model that is currently under evaluation as part of a doctoral research programme. 

In conclusion, self-administered health tech treatments can support patient empowerment through 
connected, cost effective, and user centred solutions. They can provide clinical and economic benefits 
for both patients, their families, and health services. However, to do this, design solutions and associated 
clinical trials must be able to address adherence issues distinct from the scientific effectiveness of rele-
vant technologies.

Conclusion7.0 Editorial Photo. Source: PolyPhotonix.
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