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1 EXECUTIVE SUMMARY

Background to Diabetic Retinopathy Screening and this Assessment

1.

2.

There are estimated to be approximately 156,000 people with diabetes in Scotland.

Diabetic retinopathy isthe biggest sngle cause of blindnessin Scotland amongst
people of working age. The risng prevaence of diabetes meansthat it will remain a
magor hedth and economic problem in Scotland. At any time up to 10% of people
with digbetes will have retinopathy requiring ophthalmologica follow up or trestment.

The persond and socid codts of blindnessin terms of higher possibilities of
dependence, potentia loss of earning capacity, and increased likelihood of greater
socid support needs, are Sgnificant for individuals, for the caring services and for

sodiey.

Inits early stages, diabetic retinopathy is symptom free and progression of disease can
be prevented by laser treatment, S0 early detection by regular screening is beneficid.

A comprehensive HTBS survey has shown that no NHS Boards have dl the
components in place to undertake quality assured population screening for diabetic
retinopathy. Initiatives are underway to establish the screening service, but these are
generdly at early stages of development.

Our National Health (Scottish Executive Hedlth Department, 2000) recognised that
NHSScotland should create a nationa screening strategy for diabetic retinopathy. The
Scottish Diabetes Framewor k recognises eye car e as one of thefirst stage priority
issues and sets the milestone that all people with diabeteswill havetheir eye
status (retinopathy) recorded on the local diabetesregister by September 2003.

ThisHTBS Health Technology Assessment aims to deter mine the most effective
and efficient approach to achieving, implementing and sustaining a quality
assured, national screening programme for diabetic retinopathy that takes
account of patient requirements.

Clinical Effectiveness

1.

There are two main gpproaches to screening for diabetic retinopathy: ophthal moscopy,
or retina photography with subsequent grading.

Direct ophthalmoscopy does not achieve sufficient senstivity to act as a screening test
for sght-threatening disease and therefore should not be the basis of any nationa
programme.

Indirect ophthalmoscopy (biomicroscopy) using adit lamp has been shown to be
senditive and specific enough to be viable asamodd for anationa screening
programme when used by appropriately trained individuds. However, it carriesthe
disadvantage that there is no hard record of the test for quality assurance or monitoring
progressive changes.
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Retina photography, with one or two fields (photographs), has been shown to achieve
high sengtivity and spedificity for Sght-threstening disease. Advantages of digital
photography are ease of image acquisition and storage. The image may aso be
transmitted dectronicdly, facilitating externa quaity assurance. Consequently,

digitd retind photography is the screening medium of choice.

Some eye pupils are smal and need to be dilated with eye drops (mydriasis) before
screening is performed. Furthermore if more than one image per eye is required
mydriasisis essential because of condtriction of the pupil after the first flash

photograph.

ThisHTBS Assessment has found no clear evidence that mydriasis or the use of more
than one image sgnificantly dters the sengtivity or specificity of screening.

Studies using older (not digitad) retina cameras indicate that the proportion of
unusable images is probably dightly lower when mydriasisis used. Currently, thereis
no evidence that this appliesto digitd retinal cameras. This needs to be investigated.

Studies canvassing patient opinion have suggested that mydriasis may reduce
attendance for retinopathy screening because of its temporary effects on vision.

If mydriasisis used, tropicamide is the recommended agent. It must be administered
by aprofessond complying with the Patient Group Directions and the possible effects
of the mydriatic agent should be clearly communicated to patients.

Organisational |ssues

1.

2.

4.

The main features of the proposed nationa screening programme in Scotland are:
a. Sygematic cadl and recdl of dl digible patients
b. Trained professonds
c. Recorded outcomes and robust quality assurance
d. Integration with the process of care for those with diabetes
e. Evauation and research as an integrd part of the programme.

The nationd screening programme must be organized within current hedlth service
structures within Scotland, under the auspices of the Naiona Services Divison, who
have respongbility for nationd screening programmes in Scotland.

Qudity assurance iskey to any nationa screening programme. These will be
developed on the basis of the recommendationsin this report by the Nationa Services
Divison and the Clinicd Standards Board for Scotland (who have nationd
responsibility for Quality Assurance).

A network of regiond screening offices should be established to work with GPs and
NHS Boards to establish accurate diabetes registers of those digible for screening.
These regiond offices will arrange screening sessions, issue invitations and oversee
grading and result reporting. These offices will work to the methodologicd, IT and
quality assurance standards as defined in this report and coordinated by the National
Sarvices Divison.
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5. To beéeffective, the nationa screening programme must be integrated with routine
diabetes care. Tight glycaemic control and careful blood pressure control both reduce
the development and progression of diabetic retinopathy in type 1 and type 2 diabetes.
Clinicians responsible for ongoing diabetic care must be fully informed of results, not
only for Sght-threatening retinopathy requiring referra to the ophthalmologist but aso
for any retinopethy.

6. All patients diagnosed with ether type 1 or type 2 diabetes mellitus and aged over 12
years, or post puberty should have annua examinations of the retina (back of the eye).
For those with type 1 diabetes onset post puberty, 3 years past diagnosisisan
appropriate time to start screening.

7. No upper age limit is suggested, but those who are dready receiving trestment from
an ophthamologist, who are medicdly unfit to recelve laser treatment or are
completely blind will not benefit from screening.

8. For cdl-recdl, ample regiond sysems are recommended at the outset, with medium
term development of afully integrated call-recal system as part of the nationd IM& T
system.

9. Screening using higher resolution digital cameras (1365x1000 pixels) is
recommended, with images graded at capture resolution (i.e. not compressed). Image
transfer should use adirect digita route to avoid degradation of quaity. The image
should be graded on a PC with a CRT monitor.

10. Specidly trained and accredited nortmedica graders should reaed the digital images,
supported by second opinions, if necessary, from ophthalmol ogists and/or
digbetologists. The same staff may be used for both grading and screening given
auitable training for both roles.

11. A sandard grading nomenclature for diabetic retinopathy is essentiad for consstent
grading. In Scotland, the CRAG grading system is currently used. This assumes that
two images are used, so this report proposes a modification to the current system to
enable use with asngle image.

12. Those patients who have sight-threatening retinopathy should be referred to specid
assessment clinics a the most convenient ophthamology departments and treated
according to Roya College of Ophthamologists guiddines.

13. Thedinicd IM&T functions of the retinopathy screening programme should be
consistent with the nationa 1T system for digbetes care that is being established in

Scotland. Furthermore, the screening result and image should be incorporated into the
computerised medica record.

Patient | ssues

1. Theindividudsinvolved in this screening programme are unlike those involved in
most other screening programmes because they are not otherwise hedlthy. Patients are

10
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of both sexes, come from awide age range and there is a higher prevalence in some
ethnic minorities,

People with diabetes may have a number of other complications of thelr disease to
consder and diabetic retinopathy screening will be just one component of their annua
screening programme.  Consequently this screening visit should be integrated with
other hedlth care vigts.

A variety of methods should be used to inform patients about the screening
programme and to encourage atendance. Research isrequired to determine the most
efficient methods to obtain screening compliance.

When patients are reluctant to attend screening, contact with healthcare professonds
to discussissues can be highly beneficid.

GPs and patients should be informed of resultsin atimely fashion.

Economic Evaluation

1.

All economic anayses were performed assuming that digitd retind cameras will be
used and those patients not amenable to digital photography (who experience technica
fallure) can be identified in advance and will recaive dit lamp examination. These
andyseswill be adjusted during consultation to take account of the final programme
moded to be proposed and any other new costing informeation.

Costings are based on information obtained from severd large areadiabetic
retinopathy screening programmes within the UK. This alows comparison of avariety
of screening moddities: these include provison in amobile unit vs. hospital centre,
mydriasisvs. no mydriasis, number of staff required to perform screening.

The following table presents the combined imaging and grading cost per patient for
the different screening moddlities:

Imaging and grading cost/patient (£)
Mobile Mobile Mobile Hospital Hospital
1 Staff 1 Steff 2 Staff 1 Steff 2 Staff
GP Premises Car Park GP Premises
Mydriatic 18.62 18.83 20.30 15.76 17.52
Non Mydriatic - 10.02 - 10.25 -

The components that have most influence on these codts are the drive time of the
mobile unit and the number of staff used. The figures presented above assume the base
case scenario with an average drive time in the mobile unit of 2 hours and patient
turnaround time of 20 minutesfor 1 staff and 15 minutes for 2 staff. In the report,

these assumptions have been varied to dlow individua regionsto caculae the likely
cost in ther area given different drive times and patient turnaround times. These
caculationswill aso alow comparison with community optometrist provison.

For efficiency, no more than 10 regiona screening offices are required in Scotland.

11
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6. Exploratory cost effectiveness analyses demongtrate cost savings when anationa nor
mydriatic screening programme is compared to the current Stuation in Scotland of
opportunigtic screening.

HTBS Proposed programme model

1. A quality assured diabetic retinopathy screening programmeis proposed that is
ufficently flexible to accommodate the needs of patientsliving in dl communities
(urban, rura and idand) in Scotland.

2. In 2000, the UK Nationa Screening Committee recommended that mydriasis should
be used with dl patients receiving diabetic retinopathy screening, in order to obtain
two images in each eye. ThisHTBS Health Technology Assessment has included new
data not considered by the NSC and put these into the context of the HTA framework
consdering the clinica effectiveness, organisationd issues, patient issues and
€Conomics.

HTBS proposes the following model for a nationd systemétic screening programme
for diabetic retinopathy:

1. Singlefiedd digital retinal photography without mydriasis should be offered
to all patientsannually

2. Singlefield digital retinal photography with mydriasis should be offered to
those people in whom thereisatechnical failure without mydriass:

3. Biomicroscopy with a dit lamp should be offered to those peoplein whom
thereistechnical failurewith or without mydriasis.

This sequentia and pragmatic mode optimizes cost-effectiveness and patient
preference. Patients known to require mydriass, should start at step 2.

3. Severd important research questions have been identified in the HTA. These should
be addressed at an early stage of the rollout of the programme, so that modifications
can be made to improve the efficiency of the programme.

Consaultation period

1. Thisreport hasbeen issued for open consultation. Comments should bereturned
to Mr James Morgan at HTBS by 7 January 2002.

2. The Assessment report will be finalised and published with an accompanying plain
English summary and patient information in early summer 2002.

12
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2 INTRODUCTION

HTBS usesthe internationally recognised definition of Health Technology Assessment (HTA)
(INAHTA, 2000), which describes HTA as amultidisciplinary field of policy andyss that
Sudies the medicdl, socid, ethica and economic implications of the development, diffuson
and use of health technology.

Thisform of Health Technology Assessment takes account of the four components identified
inFigure 1 (page 7): clinica effectiveness, organisationa considerations, patient issues and
economic aspects. Nationa and international evidence is criticaly gppraised, taking account
of Scottish circumstances, so that clear practicable recommendations can be made to
NHSScotland. The aim isto influence decision-making based on critically appraised evidence
and shared best practice.

This Hedlth Technology Assessment follows the process published by HTBS in January 2001
(HTBS, 2001) involving submission of evidence from awide variety of sources, expert saff
to undertake the andyses, amultidisciplinary expert Topic Specific Group to collect and
critique evidence and analyses, quality assurance by the HTBS Governance Board and wide-
ranging open consultation.

The key objective of thisHealth Technology Assessment (HTA) isto deter mine the most
effective and efficient approach to achieving, implementing and sustaining a quality
assur ed, comprehensive national screening programmefor diabetic retinopathy that
takes account of patient requirements.

This detailed, scientific assessment report will be updated after the open consultation period,
to become an Open Find Assessment Report. At thisfinal stage, an overview of the report
and Advice (including patient specific advice) will dso be published.

This Assessment is currently at the stage of open consultation. Comments on this
consultation Assessment Report should be submitted by 7 January 2002 to Mr James
Morgan, Assessment Coordinator, Health Technology Board for Scotland, Delta House, 50
West Nile Street, G1 2NP.

13
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3 BACKGROUND
3.1 Introduction
3.1.1 Rationalefor this Health Technology Assessment

In 1989, a mesting of internationd diabetes experts and patient group representatives resulted
inthe St Vincent Declaration (WHO, 1989). It specified research and organisationd goasto
improve digbetes care and st five-year targets for reduction of complications arisng from
diabetes. In 1995, a multidisciplinary group in the UK issued key targetsin the & Vincent
Joint Task Force for Diabetes to reduce new blindness due to diabetes by at least one third (St
Vincent Joint Task Force for Diabetes, The Report 1995). This goa was st for the year
2000, but has not yet been achieved in Scotland.

When deciding upon itsfirst topics for Health Technology Assessment, the Hedlth

Technology Board for Scotland (HTBS) identified the Government’ s commitment in Our
National Health: A Plan for Action, A Plan for Change (Scottish Executive Hedlth
Department, 2000), to establish anational screening strategy for diabetic retinopathy. “In
2001, we will launch a Scottish Diabetes Framework to draw together existing guidance and
best practice in order to raise the standard of digbetes care. The Framework will include plans
to establish anationa screening strategy for diabetic retinopathy. Although there are SIGN
guiddines dready in place and much work being done in diabetes, we need to consolidate and
build on thisin order further to raise the standard of care.’

The Scottish Diabetes Framework (Scottish Diabetes Framework Working Group, 2001) will
shape the ddlivery of diabetes care in Scotland over the next 5-10 years. The Scottish

Diabetes Framework recognises eye screening as one of thefirst stage priority issuesand
setsthe milestone that all people with diabetes will have their eye status (r etinopathy)
recorded on thelocal diabetesregister by September 2003.

Important work has been performed recently in the field of diabetic retinopathy screening.
The SIGN guiddine (Scottish Intercollegiate Guiddines Network, 2001) evauates the clinical
effectiveness of methods for prevention of visud impairment in people with diabetes. A
cinicd guiddineisin preparation by the Nationd Ingtitute of Clinical Excellence (NICE,
2000) and the UK Nationa Screening Committee (UK NSC, 2000) has considered many
agpects of the establishment of a screening service. These documents give insights into the
key requidites for a screening programme, but they do not fully address issues rdated to the
organisation of such a programme, including patient issues, in Scotland or an economic
evauation of various diabetic retinopathy screening service options.

The am of this Hedlth Technology Assessment is to advise on a comprehensive screening
Srategy for diabetic retinopathy thet is state of the art, feesible and sustainable. Thegod isto
produce a qudity assured, effective and efficient, systematic nationa screening programme
integrated with clinical servicesfor digbetesin primary, secondary and community care,
which takes account of patient requirements to obtain a service in which they have
confidence, hope, empowerment, clarity and knowledge.
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3.2 Description of health problem in Scotland
3.2.1 Epidemiology of Diabetes

Type 2 (non insulin dependent) diabetesis the most common form of diabetes (gpproximately
80% of people with digbetes are Type 1). Type 1 diabetes usudly appearsin people aged over
40 and has a high prevadence in people of South Asian and African-Caribbean origin. The
remainder of the diabetic population have Type 1 (insulin dependent) diabetes, which usudly
occurs before the age of 40, often in childhood.

The Diabetes UK Campaign 2001 — ‘Too many, too late' - stated that there are approximately
120,000 people who have been diagnosed with diabetes in Scotland and there could be as
many as 90,000, as yet undiagnosed. These prevaence data were extrapolated from the
Taysde DARTS project (Evans et d., 2000) and those undiagnosed were extrgpol ated from
Forrest et d. (1986), Harris et al. (1987) and Smmons et a. (1991).

The basdline survey carried out by HTBS (section 3.6) suggests that the recorded prevalence
of diabetesis approximately 2.5%. However, as the establishment of diabetes registersis now
mandated across Scotland, recorded prevalenceislikely to increase with improved case
ascertainment as has been seen dsewhere (Grimshaw et d., 1999). Example of this are seen
in Lanarkshire, where the recorded prevalence of diabetes has risen from 2.0%1t0 2.8%in4
years and in Tayside where prevalence has increased from 2.2% to 2.5% from 1991 to 2001.

The Audit Commission (2000) estimated that diabetes currently affects approximately 3 per
cent of the population in the UK and that this figure may double by 2010 as aresult of obesity
and an ageing population. Applying these figures to the Scottish population of 5,200,000
people impliesthat an estimated 156,000 people in Scotland have diabetes.

3.22 Multi-specialty nature of diabetes care

Diabetes is a common, lifelong disease that results in an impaired ability to control the
amount of sugar in the blood. Diabetes can lead to premature death and long-term
complications. However, with regular assessment and good management the serious
complications associated with diabetes can be minimised.

People with diabetes require comprehensive care, to maximise qudity of life by detecting and
treating the disease and its complications a an early stage, to minimise premature morbidity
and mortdity in those people with digbetes, and to provide equa accessto high qudity
diabetes care for dl patients. This requires close collaboration between many hedth care
professionals to ensure:
- continuing educetion

yearly checks of eyes and vison, kidney function, feet and genera well-being

assessment of risk factors for macrovascular and microvascular disease such as

glycated haemoglobin (HbA 1c), blood pressure, cholesterol, anaemia and smoking

habits

assigtance with sglf monitoring and injection techniques

edting and lifestyle advice.

regular review of progress and treatment.
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Screening for digbetic retinopathy isjust one vita component of diabetes care which must be
integrated into the total care package of people with diabetes.

3.2.3 Organisation of diabetes carein Scotland

Inview of the multi- speciaty nature of diabetes care, Diabetes UK advocates the model of
locd diabetes services advisory groups (LDSAGS) that provide aforum for monitoring,
reviewing and gppraising local services [ref]. The Scottish Diabetes Framework has endorsed
the creation of LDSAGS at Board level, perhaps overseeing the development of managed
clinica networks (MCNs) for diabetes care at local level. The Framework consultation has
recommended that:

Managed Clinica Networks for Digbetes Care should be established at Board level.
Boards will be respongble for the clarity of network arrangements — thiswill be co-
ordinated through the successful model of Loca Diabetes Services Advisory Groups
(LDSAGS).

Each Board will publish a publicly available annua written report as well as submitting
information to the Scottish Diabetes Survey.

Thelocd report will contain a clear statement of specific service and clinical
improvements, and objectives for service improvement.

LDSAGs will be truly multi-disciplinary/multi- professiona with representation from
patients playing a centrd role.

LDSAGswill develop aclear palicy of patient involvement and dissemination of
information to patients.

The LDSAG will oversee a quality assurance programme cong stent with the standards
established by the Clinical Standards Board for Scotland.

The LDSAG will establish dear educationd, training and continuing professond
development programme as integral parts of the Network.

Effective care involves partnerships between patients and dl hedlth care professonas who
contribute to diabetes care in alocality. This philosophy and culture of behaviour gpplies
fully to systematic screening for diabetic retinopathy as much asto al other aspects of
effective care provison.

3.3 Diabetic Eye Disease

Background Retinopathy

Diabetic retinopathy is a complication of diabetes that affects the small blood vessdls of the
retinain the back of the eye. Diabetes can cause these small blood vessds to block off
resulting in the retina being starved of food and oxygen. If enough small blood vessds block
then the eye triesto grow new blood vessdls (proliferative retinopathy).

Proliferative Retinopathy

The new vessals created by proliferative retinopathy are useless because they grow into the
middle of the eye. They can cause blindness by bleeding and or by pulling the retina off the
back of the eye.

Sght-threatening Retinopathy and Referable Retinopathy
Sght-threatening retinopathy and referable retinopathy are often used interchangeably leading
to confuson. Sight-threatening retinopathy refers to the presence of new vessdls and or
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clinicaly sgnificant macular oedema. Referable retinopathy refers to retinopathy that shoud
be screened more frequently, often in amore detailled way, asit is anticipated thet thereisa
high chance that Sight-threatening retinopathy will occur soon. (Idedly ophthamologists
would only wish to see patients with Sght-threatening retinopathy, because it is these patients
who require assessment for laser treatment.)

Maculopathy

If smdl blood vessels block off in the centre of the retina then sight can be affected before
new blood vessdls are formed. This can be aresult of the damaged vessds legking fluid and
blood or smply because so many small vessels are damaged that that part of theretina‘dies’.
Laser trestment is effective at treating smal areas of leakage but cannot treat areas of ‘ dead’
retina. Early detection of retinopathy and stringent control of risk factorsis the most
important aspect of treatment.

Screening and Laser Treatment

In its early stages retinopathy causes no symptoms, soif it isto be detected and treated before
it becomes sght threatening, regular retind examination is necessary. Timdy laser
photocoagulation is effective at tregting the new vessalsin the retina to prevent the extengve
neovascularisation, haemorrhage, and traction and detachment of the retinathat leads to visua
imparmen.

Visud problems caused by diabetic retinopathy are one of the most common specific
complications of diabetes (NHS CRD, 1999). The percentage of patients newly diagnosed
with Type 2 diabetes who have some retinopathy is not clear but thought to range between
approximately 20% and 40% (NHS CRD, 1999) and approximately 5-10% of al people with
diabetes have sght-threatening retinopathy (NHS CRD, 1999). Blindnessis one of the most
feared complications of diabetes with an incidence of 50-65 per 100,000 diabetic population
per year in Europe (SIGN, 2001). Furthermore, diabetesis the most common cause of
blindness in people of working age in indudtridised countries (Williams, 1994).

The UK Nationd Screening Committee (NSC) report (UK NSC, 2000) presents the following
results from peer reviewed articles. Untreated, between 6-9% of people with proliferative
retinopathy or severe non-proliferative disease would become blind each year. However,

laser trestment for proliferative retinopathy with high-risk characteristics achieved ardative

risk reduction in severe visud loss of 51.5%. This protection has been shown to endure for
over 10 yearsin 2/3 of laser-treated patients and epidemiological dataindicate that each
successful trestment will give at leest 5 years of preserved sight. With gppropriate medical

and ophthamologica care blindness may be prevented in at least one eye in over 90% of
patients with proliferative retinopathy.

3.3.1 Blindnessdueto diabetic retinopathy in Scotland

Cormack et a. (2001) have studied socid work department blindness regigtration recordsin
Fife from the period 1990-1999 to identify those patients whose main diagnosis was diabetes.
Out of 2,529 people with diabetes, the mean number of blind registrations per year due to
diabetes was 4.3 (95% CI 3.310 5.3).

At the end of December 1999, the prevalence of blindness due to diabetes was 210 per

100,000 diabetic population and the incidence of blindness due to diabetes was 64 per
100,000 diabetic population per year (95% confidence interva — 49 to 79 per 100,000 diabetic
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population per year). However, these are probably underestimates of the level of disease
because the only record of legdly recorded blindnessin the UK comes from socid work
records. Also, patients may have mixed agtiology and diabetes may not be specificaly
identified. Furthermore, existing routine heath service record systems do not reliably identify
patients with diabetic eye disease or events associated with heglth care of diabetic eye disease.
Consequently, specid surveys or clinica audits are needed a present to identify the redl
burden of diabetic retinopathy and to link cases identified to previous screening histories.

3.4 Perspectives
3.4.1 Introduction of Systematic Screening

Experience from the Breast and Cervica Cytology Screening programmesin Scotland
(Scottish Cervical Screening Programme, 2000) and other in other countries such as New
Zedand and Iceland has shown clearly that the establishment and maintenance of population
based systematic screening programmes is complex. (Forrest et d. 1987; Lancet editorid, 17
August 1985; Independent Inquiry into Cervicd Screening cal/recdl in Fife, Forth Valey

and Tayside NHS Boards, 1999). The introduction of the ‘technology’ of systematic
screening for diabetic retinopathy in Scotland will require detailed attention to organisationd
and training issues aswell as to the choice of the screening tests or procedures. There must be
explicit respongibilities at NHS Board level to determine optimal approaches for the local
population, but local approaches must link in to anationa unified system, which has
comprehendve audit and qudity assurancein place.

3.5 Description of the technology
3.5.1 Retinal Imaging

Screening for diabetic retinopathy and maculopathy is accomplished by imaging the retina of
the eye through the pupil. Variousingruments exist for this purpose. Ophthalmoscopes are
insruments containing an arrangement of lenses and a source of illumination that alows

direct visud ingpection of theinterior of the eye. The hand-held direct ophtha moscope forms
part of the armamentarium of most generd practitioners but sudies have reported low
screening accuracy for thisingrument (section 5.3.5.4) and hence the indirect
ophthalmoscope or biomicroscope illuminated by a dit-lamp, is preferred by many
optometrists and ophthamologists. The biomicroscope has an added advantage in thet it
gives a stereoscopic view to give an gppreciation of depth.

Retind cameras are a newer technology that alows photographs of the retina to be taken.
They condst of an optical system designed to focus on the retina upon which is mounted an
image capture device such asa 35mm or adigital camera. The current established gold
standard photographic method for diagnosis of retinopathy uses 7 overlgpping stereoscopic
fidlds with an angle of view of 30 degrees. However this method would be too time
consuming for amass screening programme. The cameras for screening generdly have an
angle of view between 45 and 50 degrees. This dlows the whole of the posterior pole of the
eyeto be captured in asingle image but it may ill be necessary to view the more peripherd
retind areas and hence two or more overlapping images can be taken. The early retind
cameras used conventiona photographic film but modern cameras produce digita images that
can be stored on a computer for subsequent review (section 6.10). However, most of the
clinical sudies have used conventiond film cameras.
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The most recent development in imaging is the scanning laser ophthalmoscope (Optos, 2001)
which produces digital images smilar to aretina camera but with a much wider angle of
view (120°) dlowing the entire retina to be viewed on asingleimage.

All these imaging methods are nortinvasive and require no contrast enhancement agents.
However, it isusudly easier to image the retinawhen the pupil is dilated and so mydriatic eye
drops are often used in conjunction with these insruments. Many retind cameras use light of
awaveength to which the eye does not respond for focusing and this allows an image to be
taken without mydriasis. However, the pupil contractsin response to the camera flash and so
only single images can be taken in a short time span.  Such cameras are referred to as non-
mydriatic. Scanning laser ophthalmoscopy is aso a nor-mydriatic technique.

The protocol that specifies how to classfy the pathologica features observed during retind
imaging and the subsequent grading of the patients is an important part of the screening
system. It should be sensitive and specific to the conditions to be detected, clearly specified
and capable of producing reproducible results from different observers.

ThisHedth Technology Assessment investigates a screening programme for digbetic
retinopathy. However, there are two digtinct forms of retinal change that commonly threaten
the sight of people with diabetes, retinopathy and maculopathy (section 3.3). Retinopathy can
be detected by 2 dimensiona retina images alone but the thickening of the macula associated
with maculopathy cannot be directly detected and must be inferred from other abnormdities.
This makes the impact of screening on maculopathy less clear.

The Nationa Screening Committee distinguish three types of maculopathy: exudative,
diffuse, and ischaemic. The NSC has suggested that the accuracy of maculopathy detection
can be enhanced by combining the imaging results with the visud acuty test. They adso Sate
that * Ophtha moscopic screening, which must utilise stereoscopic biomicroscopy, alows for
the detection of diffuse macular oedema; digital camera based systems not using stereo
imaging may not detect this feeture. Thelack of stereoscopic assessment in these cases
generaly meansthat the accurate assessment of the maculafor the definition of clinicaly
sgnificant macular oedema as defined by the Early Treatment Diabetic Eye Study (ETDRS —
Early Treatment of Diabetic Retinopathy Study Group, 1985) is not possible. However the
ophthalmologist uses this definition in the decision to treet and o it isimportant to appreciate
that grades of screen postive maculopathy are surrogates for the festures that indicate to the
ophthalmol ogist that treatment is required” (UK NSC, 2000).

Exudative or foca maculopathy responds well to laser treetment and can be detected from
non-stereoscopic images such as from digita cameras. Diffuse maculopathy may not dway's
respond very well to laser trestment. In such patients laser may be best reserved for when
vison firg sarts to decline, as recently suggested by ETDRS. Declinein vison may be
reported by the patient or detected on testing visua acuity, as recommended by the NSC.
Laser treatment should not be given for ischaemic maculopathy.

3.6 Current Service Provison of Diabetic Retinopathy Screening in NHSScotland
The Scottish Executive undertook a survey in 2000 (Appendix 2a) to identify the extent of

sarvices for diabetic retinopathy screening across Scotland. The responses demonstrated large
variance in service provison for digbetic retinopathy screening across Scotland; and there

19



Assessment Report 3: Draft for Consultation

appears to be potentia for sharing of good practice in areas where systems are currently under
development. For example, some areas do not yet have registers fully in place, are unsure of
the number of people with digbetes in their area and have no systemétic screening in place,

but one area (the Western 1des) screens 93% of al known diabetic patients over the age of 12
annudly (using the Tayside mobile screening unit).

The survey indicates thet a variety of methods exist for ddivery of screening, including

mobile vans, gatic cameras located in healthcare facilities and local optometrists. Asthere
was no consistency in screening methodol ogy across the country, HTBS undertook a more
detailed basdline survey in June 2001 about digbetic retinopathy screening service provision
in each NHS Board. The HTBS questionnaireis presented in Appendix 2b. Asal 15 NHS
Boards in Scotland responded to this detailed questionnaire, this survey providesinvauable
information about current service provison from the whole of Scotland. The full ligting of
responsesis presented in Appendix 3, with adetailed overview in Appendix 4. In summary:

No NHS Board has al the components of a comprehens ve population based
systematic screening programme for diabetic retinopathy in place a the present time.
Most areas, however, report initiatives to establish such services, the majority being at
the early stages of development.

Diabetes Registers are sated as ‘established’ in seven Board aress, ‘being developed’
or ‘being populated’ in 6 further areas and *being planned’ in the remaining two Board
areas. However, updating of the established registers varies from daily to annualy
with asmilar variation in the frequency and depth of quality assurance checking.
Linkage of the Diabetes register to NHS Board Community Hedlth Indexes dso varies
congderably.

While use of standardised data collection sheetsis stated to bein placein ten NHS
Board areas, systematic collection and compilation of the resultsin order to enable

organised cdl/recal is completdly in place in only four areas. However, other areas
are activey planning to do this.

Accreditation of ‘screeners is organised locdly, usudly by ophthamologists. These
have focused upon community optometrists with some hospita cliniciansand a‘few
GPs insome areas. Formal refresher training after accreditation isaso in placein a
least five Board areas. No scheme appears to have anational context.

Formd quality assurance of registers, screening test and/or overall screening process
is highly variable with most areas being at very early stages of development. The
basdline survey identified only four NHS Board areas where audit of cases of diabetic
retinopathy took place and only two areas where audit of the previous screening
history of new casestook place.

Most Boards have established steering groups using the LDSAG modé!.

Four NHS Board areas Sate that there is organised screening using digital camera
technology. The other areas use amixed modd of accredited optometrists (and some
GPs) with some digital camera use mainly in hospital clinic settings. Two NHS
Boards are at the earliest stage of setting up programmes.
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Most areas reported usein the past of Board or Trust ‘ development monies’, audit
budgets or other funds to employ facilitators or to purchase equipment. While three
areas reported substantid recent investment, others sated that existing or historical
funding was ether now insufficient or uncertain for future full systemétic screening to
be sustained or achieved.

3.6.1 Optometry services

Sit lamps are widdy availablein dl areas in Scotland, in both hospital and community
settings. They are used by avariety of professonds, but it isimportant to note the important
contribution of optometrists with this moddity, with over 300 optometristsinvolved in the
current systematic and opportunistic screening programmes in Scotland. Thisfact is
confirmed by another survey performed by the Common Services Agency of NHSScotland,
which indicated that during 1999/2000, optometristsin seven NHS Boards performed 8494
diabetic screening tests.
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4 SOURCESOF EVIDENCE

The Hedlth Technology Assessments undertaken by HTBS use internationa evidence from a
variety of sources. published literature, grey literature (e.g. academic and government reports,
website publications, conference abstracts) and information submitted from avariety of
interested parties.

Thefollowing interested parties were invited to submit evidence for this Assessment (those
marked * did submit evidence):

Manufacturers
All ABHI members. one submission received from Ogptos plc*

(Further evidence taken from webdites of the following manufacturers — Zeiss, Haag- Streit,
Canon, Topcon).

Professiona/Specidist Groups

College of Optometrists*

Scottish General Practitioners Committee*

Royd College of Ophthdmologists

Association of British Clinicd Digbetologists*

Roya College of Nursing (Scottish HQ)

Breast and Cervica Screening Co-ordinators Group*
Royd College of Physcians (Edinburgh)*

Royd College of Physicians and Surgeons of Glasgow*
Royad College of Generd Practitioners (Scotland)
Scottish Association of Hedlth Councils

Socia Work Services Group

Patient Groups
Diabetes UK*
Royd Nationd Inditute for the Blind

Advisers

The Topic Specific Group of experts (Appendix 1) who asssted HTBS staff with this
assessment submitted a variety of forms of evidence including patient lesflets, NHS Board
Joint Investment Fund plans, position papers, job descriptions, etc. Also, specid advisers
from across the UK submitted valuable information about existing local screening
programmes.

For clinicd effectiveness, the SIGN Guiddine on Management of Diabetes, section on
prevention of visual impairment (2001), the draft NICE Guideline (2000) and the 2" report of
the UK Nationa Screening Committee (2000), were used as the main bases for evidence.

For the economic eva uation information was obtained from existing UK diabetic retinopathy
screening programmes and a comprehensive systematic literature review was performed.

For organisationa and patient issues, focus was placed on the submitted evidence, selected
literature references and grey literature from a variety of sources.
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5 CLINICAL EFFECTIVENESS

Conclusions
The primary method of screening should be digital retind cameras

A dngle retind image using non-mydriatic photography will provide good screening
accuracy in many patients.

Direct ophthamaoscopy is hot recommended for anationa screening programme.

Studies have produced incons stent technica fallure rates for screening methods but
al methods will result in somefalures.

Mydriatic retind photography and dit-lamp biomicroscopy should be avalable as
second-line screening methods.

If mydriassis used, tropicamide is the recommended agent. 1t must be administered
by an appropriately quaified professona under Petient Group Directions.

5.1 Search strategy

A large body of evidenceis available on the clinica effectiveness of screening for diabetic
retinopathy. Thisincludes a number of recent, high qudity, sysematic reviews by UK
research groups (SIGN, 2001; UK NSC, 2000; NICE, 2000). In order to avoid duplication,
the HTBS clinical effectiveness andyses use these reviews as a basis for further detailed
andyss, augmenting them with additiona references identified by the HTBS expert group

and publicationsissued in 2001.

Details of the sources searched by SIGN, the NSC and NICE are presented in Appendix 5.
5.2 Methodsfor the Evaluation of Clinical effectiveness

The effectiveness of screening for diabetic retinopathy may be reduced by two separate types
of fallure. Firdly the chosen method may fall to produce a clear image for evaluaion. The
frequency with which this occursis caled the technical failure rate. Secondly, after successful
imaging, the screening result may differ from the true sate of the patient (called afdse
positive or false negative result). The impact of these two modes of failure on screening
effectiveness can be consdered separately.

5.2.1 Outcome measurements

The measure of technica falure rate is the probability that a screening episode will fail to
produce an interpretable image. It is estimated by the proportion of such uninterpretable

images in astudy.

The purpose of retinopathy screening is to detect diabetic eye disease for which aclinica
intervention isrequired. Referable retinopathy (section 3.3) requiresreferrd to an

23




Assessment Report 3: Draft for Consultation

ophthalmologist as soon as possible. Detection of |ess severe disease is dso important for
more generd disease management and can influence decisons to try to improve glycaemic or
blood pressure control. For cost effectiveness, referable retinopathy has the greatest
implications and is most important to detect. Hence it is dso the focus of thisclinicd
effectiveness section.

After technica failures have been excluded, the measures used in clinical effectiveness
studies of screening technologies are usudly expressed as sengitivity and specificity.
Sengtivity and specificity may be caculated by consdering the decision matrix, which arises
from adiagnogtic test that yields a dichotomous (positive/negative) result. Four combinations
of test result and disease Sate are possble (The European Agency for the Evaluation of
Medicinal Products, Committee for Proprietary Medicind Products, 2000):

Diagnostic decision matrix

True discase sate

Present Absent
Test result | Pogtive | TP FP
True Postive Fdse Pogtive
Negative |FN TN
Fase Negative True Negative

Sengtivity is the probability that atest result is postive given the subject hasthe disease. Ina
suitable experiment the sengtivity can be estimated by: TP/(TP+FN). Specificity isthe
probability that atest result is negative given a subject does not have the disease. In asuitable
experiment the specificity can be estimated by: TN/(TN+FP).

In designing a screening programme the technica failure rate of the screening method is aso
an important outcome. The falure rate is the proportion of patients in whom the screening
method fals to return a useful assessment of the extent of diabetic eye disease. This may
occur because of other eye conditions which obscure the retina or because infirmity or other
circumstances interfere with the screening process.

The term *accuracy’ is used to refer to the probability that a screening test will reved the true
disease sate for arandomly sdected patient. It will vary with the prevaence of the condition
to be detected and is thus not often estimated in clinica studies. Furthermore it does not
distinguish false negative and false positive test results. However, it can be a useful concept
in discussion of dternative screening methods for the same population.

5.2.2 Methodsfor estimating sensitivity and specificity

Interpretations of test screening methods performed on groups of digbetic patients were
compared with methods expected to give accurate results (Gold Standard).

The screening method can be considered as a combination of the mechanica imaging process,
which will be performed according to aclinical protocol, and a set of rules which specify how
the images are to be interpreted and what combination of observations should lead to referra
to an ophthamologist. Variaion in this st of ruleswill result in changes in the sengtivity of
the method. However, areduction in sengtivity will usudly be offset by anincreasein
Specificity and vice versa. Different studies may use different sets of rules and, since primary
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interest isin the inherent ability of the screening devices, it is usud to combine the sengtivity
and specificity usng a mathematical modd of the dependence between thetwo. Thisdlowsa
singleindex of screening performance to be analysed, which, under certain assumptions, is
independent of the set of rules for interpretation of the image.

The approach to modelling used in this report is set out in Appendix 7. It dlowsthe
performance of a screening test to be described in terms of a curve relating sengtivity to
specificity — for historical reasons caled areceiver-operator characteristic (ROC) — and hence
cdculaion of the likely sengtivity a various specificities (echieved by dterationsin the rules

of interpretation).

The performance of each screening method is characterised by a measure of its ability to
discriminate people with retinopathy from those without. These measures are combined
across sudies using a random effects meta-anadyss modd.

5.2.3 Bene€fits and disbenefits

For the purpose of the effectiveness assessment the primary outcome of screening is
considered to be the accurate detection of referable disease. Thisisaclinicd variable and the
true benefit — detection and successful treatment of disease - will be consdered within the
cost-effectiveness analyss. In addition to clinical consequencesit is generdly the case that
patients are spared unnecessary anxiety when screening accuracy is high. Incorrect referrals
impact both on the patient and on the ophthalmology service to which the referra is made.
Failure to produce a sufficiently clear image for grading dso incurs a disbenefit as such
patientswill have to be subjected to additiond tests. Generally speaking the imaging process
does not carry important risks but the use of mydriasis can cause adverse effects, discomfort
and inconvenience (see section 5.3.6.1).

5.3 Clinical Effectiveness Results
5.3.1 Quantity and Quality of research available

A number of high qudity reviews were consulted. These included the SIGN guideline
(SIGN, 2001) which uses the evidence grading system developed by SIGN (Harbour and
Miller, 2001) and is reproduced in Appendix 6.

Two other key reviews were the UK Nationd Screening Committee’ s recommendations on
Preservation of Sight in Diabetes (UK NSC, 2000); arisk reduction programme, and the draft
report on Clinical Guiddines for Type 2 Diabetes sponsored by NICE and collaboratively
written by members of the Roya Colleges of Genera Practitioners, of Physicians, and of
Nursing with Diabetes UK. For brevity, this document will be referred to as ‘the NICE
guideling (NICE, 2000).

These were based on systematic literature searches and the NICE guideline givesa

description of some of the difficulties inherent in the interpretation of the studiesidentified.
Studies differ in the nature of the Gold Standard test procedure, whether a Gold Standard was
included, the severity of retinopathy to be detected, the handling of casesin whom no
interpretable test result could be obtained, and the type of patients enrolled. The generd
problem gppeared to be that few studies were identified which had been specificdly and
appropriately designed to give information relevant to alarge scae screening programme.
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Despite these difficulties it is possble to combine the results of selected studies with cavests
as detailed in the results section of this report.

Discusson and any new andysis presented hereis based on the studies used in the NICE
guideline augmented by new studies and other studiesidentified by members of the HTBS
Topic Specific Group.

5.3.2 Description of studies excluded by HTBS

Some studies have been excluded by HTBS for calculations of screening accuracy. Mogt of
these evaluated agreement between screening methods rather than concordance of a screening
method with agold standard. Studies that evauated methods not appropriate for a nationa
screening programme were also excluded.

5.3.3 Description of studiesincluded
All studies with relevant data were included for assessment of technicd fallure rates.
For analysis of accuracy, the included studies were:

Those in the NICE guiddine, which fulfilled the following criteria

0 Theuseof acredible gold standard: either 7 field stereoscopic photography or dit
lamp investigation (biomicroscopy or indirect ophthalmoscopy) by aqudified
ophthamologist.
A sample of diabetic patients.
Within patient comparisons.
All patients accounted for in study report.
Different methods of investigation reported — not interobserver variation for asingle
method.
0 Adequate masking where appropriate.

© O O0O0o

(Some of these studies use older technologies and screening methods. Thiswill be highlighted
in discussions))

Additiond studies identified by HTBS:
0 Burnett et d., 1998
0 Leesetad. 1997
0 Olsonetd., (Persona Communication, 2001).

Attachment 1 of Appendix 8 presents the number of patientsin the clinica effectiveness
studies and associated cases of detected retinopathy.

5.34 Failurerates of screening methods

The frequency with which photography provesimpossibleis not generdly well reported.

Thisis possibly because the studies are conducted from the point of view of diagnosis—i.e.
when an adequate photograph is avallable isit informative? — rather than the point of view of
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a screener who must decide how to get aview of the eye that dlows areferral decison to be
made.

The SIGN guiddine states that ‘ between 3% and 14% of retinal photographs are ungradegble
athough this rate may be improved by digital imaging (Taylor, 1996 and Harding, 1995). Slit
lamp biomicroscopes with dilated indirect ophthamoscopy used by properly trained
individuals can achieve senstivities Smilar to retind photography, with alower technicd

falure rate (Hutchinson, 2000).’

The failure rates were not reviewed in the NICE Guideline report, but anumber of the studies
within this review provide some evidence, which is presented in the sections relating to each
screening method below.

Three concomitant questions arise:

(1) Does mydriasis sgnificantly reduce the proportion of failures for photography?

(2) Doesdigitd photography have lower technical failure rates than photography using

colour dides?

(3) If photography fails, do other methods of screening perform better?
Thisisadifficult question because, whilst photography produces a permanent image which
can be reviewed in order to reach a consensus on gradesbility, ophthalmoscopy and dit lamp
doesnot. The decision asto whether an ophthamoscopic ingpection has provided adequate
datais purely that of the operator. Thusit must be recognized that the failure rates from
retinal photography and ophthamaoscopy are judged by different criteria Data that may
illugrate thisissue are given in Lairson (1992). Here, dthough an ophthadmologist using both
direct and indirect ophthalmoscopy reported no failures to visudize, 49 false negatives were
recorded in 347 examinations. Thiswas higher than from photographic methods — 29 without
mydriass, 14 with mydriasis — and may suggest that difficult visudization tended to result in
anegative finding. The reference method in this study was 7-field 30-degree stereoscopic

photography.

Both 7-fied photography and indirect ophthalmoscopy by an ophthamologist are used as
reference andards in screening studies and this level of disagreement found by Lairson
raises concerns over the vaidity of caculations of sengtivity and specificity based upon
them.

5.3.4.1 Failureof non-mydriatic photography

One of the largest sudies of single field non-mydriatic photography was Buxton (1991). In
6304 Polaroid images 5% were found to be unusable. Another 19% were graded as having
‘some detall’ and were interpreted by the graders. In Williams (1986) no detail was visblein
5.8% (7/120) eyes photographed with a 45 degree non-mydrigtic camera

5.3.4.2 Failure of mydriatic photography

Five-fidd non-stereoscopic photography through dilated pupils was used as a reference
standard by Forrest (1987). From 508 eyes, 26 images (5.1%) were ‘ unobtainable for clinical
reasons . Of the remaining 482, 12 (2.5%) were unassessable due to cataracts/ptosis and a
further 32 (6.6%) were rated unassessable for other reasons. However, of theselagt, 11ina
subset of 16 who were rephotographed proved assessable. Hence perhaps only 10 ([5/16]x32)
were truly unassessable. This suggests that 9.4% might have required nor photographic

27



Assessment Report 3: Draft for Consultation

imaging in ascreening programme.  Gibbons (1994) found a 4.2% (6/143) falure rate for
two-fidd" photography. A further 6% of photographs had rather poor quality but were
interpretable by an ophthalmologist. A further study, Gibbons (1998), used 2-field 45-degree
dides as areference standard and only 1.7% of 1245 were ungradeable. However, 22% were
omitted from the study as being less than good. Harding (1995) compared 3-field 45-degree
photography with dit lamp biomicroscopy. Of 326 patients, 6 (1.8%) were ungradesble by
either method. A further 46 of 640 photographic images (7.2%) were considered

ungradesble. Thus 9% of images overdl would have required review by an dternative

method. Of the 46 ungradeable photographs, 12 were due to problems with posture or tremor,
the other 34 due to eye defects. Penman (1998) judged 22% (92/427) right eye, snglefidd
photographs to be ungradesble in agroup of Egyptian people with diabetes. This may be
somewhat high because 10 patients were judged to be unsuitable for photography on the basis
of ophthalmoscopy and no attempt was made to photograph them. Media opacities were
present in 35% of eyes.

The mean technica fallure rate in the sudies of mydriatic photography was 7%. Thet in
gudies without mydriaas was 5.5%. However, thislow figure for non-mydriatic photography
is strongly dependent on the large study by Buxton.

The discussion aboveis of failure rates usng conventiona photography. Olson et dl.
(personal communication, 2001) provided a direct comparison of technical fallureratesin
digital and conventiond photography. Two fields per eye were imaged and the definition of
falure was that any of the four images per patient be ungradesble. 26/586 (4.4%) of patients
had technicd failures by digitad imaging whilst 70/586 (11.9%) failed with conventiond dide
photography. If the definition of technical failure was restricted to the macular image these
rates became 3.5% and 8.1% respectively.

5.3.4.3 Direct comparison of mydriatic and non-mydriatic photography

Klein (1985) investigated single field 45-degree photography with and without mydriasis.

The reported failure rates were 6.8% (5/74) with and 12.7% (8/63) without mydriasis. Three
fields from a 30-degree stereoscopic camera used as a reference failed in 3% (3/99) cases but
undilated direct ophthalmoscopy failed in 17% (16/94). Lairson (1992) performed both 2
fidd (nasal + stereoscopic macular) 45-degree photography with mydriasis and sngle fidd
45-degree without mydriasis. Recorded failure rates were 3.7% (13/351) with mydriasis and
14% (49/351) without. The comparison in this case is confounded with the numbers of fields,
which, in addition, meant that the comparison could not be masked. An additiond
methodologica doubt in this study is raised by the decision to assess the test for each patient
inthe same order. It was hoped that atime interval between assessments would render the
assessments independent but if this failed, the assessment would be biased in favour of the
test assessed later — mydriatic 2-fiddd. Thusit is unclear whether the lower falure rate is due
to mydriass, the presence of extrainformation, or preconceptions of the reader about
preferred methodol ogy.

5.3.4.4 Arefailures of photography associated with disease?

Conflicting evidence has been found on the question of whether diseased eyes are more likely
to result in technica falures of imaging. In the study by Harding (1995) many of the eyes

! Possibly single field stereoscopic — reporting unclear
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judged ungradeable by photography were consdered abnorma on ophthamologica review

by dit lamp. Five of the 8 failures on non-mydriatic photography in Klein were judged to

have microaneurysms or more severe NPDR. On the other hand, Pugh (1993) found that
10/50 (20%) of patient ungradeable by undilated photography and 3/13 (23%) ungradesgble by
dilated photography had moderate retinopathy or worse. This compares with 74/351 (21%) in
the entire study, suggesting no association between gradeability and retinopathy. These

incons gtent findings do not provide adequate support for arecommendation to refer technicd
falures directly to ophthadmologica departments.

5.3.4.5 Failure of laser scanning ophthalmoscope

In relation to failure rates for the laser scanning ophthalmoscope, a sudy (Bauma and
Puliafito, 2000) reports that 22% (19/86) of images were not assessable. These data are of
limited value because they relate to agenerd eye examination in hedthy patients and not
diabetic retinopathy screening. More specific data on the use of this device in astandard
diabetic retinopathy screening setting are required.

Optos PLC hasinformed HTBS that such researchis underway in the UK and further details
of thiswill be provided during consultation.

5.3.4.6 Failure of conventional ophthalmoscopy

The failure rate of ophthalmoscopy due to cataracts or a poor view is reported in Forrest
(1987) as 4.3%. Itisnot clear what form of ophthamoscope was used. In Penman's study
(1998) 5.3% (23/427) could not be visualized by indirect ophthalmoscopy.

5.3.4.7 Conclusion with respect to failure rates of retinal imaging

One study (Klein, 1985) suggested a reduction in technicd failure rate with the use of
mydriasis but the result was not gatigticaly sgnificant. A larger udy (Lairson et d., 1992)
showed a similar effect but it was not clear that this was due to mydriass. Studieswith
current technology are needed. The failure rate of photography with mydriass averaged over
the studies consdered here is 7% whilst that without mydriasisis 5.5%. Differing definitions
of falure complicate interpretation of these figures. It isfair to say that no strong evidence
has been found to suggest that mydriasis reduces failure rates but that those studies containing
adirect comparison favour the hypothess.

A different, but important, issue with respect to mydriasis was raised by Klein (1992) who
asked for patient preferences and estimated that dilation was unacceptable to 6% of patients
with afurther 5% gating that it was acceptable only if necessary.

The study by Olson et A. (persond communication, 2001) hasindicated that lower technica
falure rates are achievable with digital photography than with conventiond dide
photography. Asmost of the current evidence relates to conventiona photography and the
screening programmeis likely to use digitdl cameras, thisis an important finding. If digital
photography reduces the technica falure rates for non-mydriatic photography in asmilar
way thisislikdy to be aviable screening option, but reliable estimates of technica fallure
rates for non-mydriatic digita photography should be determined early in the screening
programme.
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When the falure rate for ophthalmoscopic investigations has been reported it was not greetly
different from photography and this may indicate that changing between the two imaging
methods will not unduly increase the number of ophthamologica referrals due to inability of
the screener to come to adecison. However, as discussed above, definition of technical
failure for these techniques is not the same and hence such comparisons must be viewed with
caution.

Only one smdl study presents failure rates for non-mydriatic scanning laser ophthamaoscope
and these do not relate to diabetic patients.

5.3.5 Accuracy of retinal imaging methods

The following section reviews the sensitivity and specificity of retina screening by various
methods using only those screening episodes which were technicaly successful.

5.35.1 The Gold Sandard method

The sngle most important feature of any study testing diagnostic accuracy istheincluson of
agold standard method. Thisis an dternative way of performing the diagnogs, which is
known to be very accurate. It is debatable whether a gold standard exists in the detection of
diabetic retinopathy but various methods are thought to have better properties than others.
The two methods, which might possibly be considered as gold standard, are 7-fidd
stereoscopic photography and indirect ophthal moscopy or biomicroscopy with adit lamp
carried out by a skilled ophthamologist through dilated pupils. However, these methods have
been compared in four of the studies discussed by NICE (Kinyoun et d., 1992; Pugh et 4.,
1993; Moss et d., 1985; Schachat et a., 1993) and do not show perfect agreement. Hence it
is clear that one or both dlow farly frequent errorsin detecting retinopathy. It is not possible
to decide objectively which isin error but Kinyoun did subject disagreements to an expert
review, which tended to favour the 7-field photography — two errors — over the indirect
ophthalmoscopy — 12 errors. Moss aso examined the disagreement closdly and came to the
conclusion that many involved detection of microaneurysms from photographs thet were not
detected by ophthamoscopy. No matter which method was correct, this might suggest that
disagreements tend to happen in milder disease Sates.

The direct comparisons of indirect ophthalmoscopy with 7-field photography aso raises
guestions about the standards of 80% sengitivity and 95% specificity seen as desirable by the
S Vincent Joint Task Force for Diabetes. Since these standards were not invariably met in
comparisons of these two ‘gold standard’ methods, they may represent an unredlistic target
for other methods.

5.3.5.2 Methods of screening

Deciding which methods of screening will be appropriate for a nationd screening programme
is not amply ameatter of selecting a particuar imaging method and a policy for the use of
mydriass. Thereisaso the question of who should operate the device and, for photographic
methods, interpret the results. This question is addressed in anumber of studies but may, of
course, occasondly be confounded by the use of different devices by different professionds.
Hence it may beimpossible to differentiate effects due to operators and to screening devices.
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Other festures aso varied between studies. Some studies were restricted to patients who had
not had a diagnosis of retinopathy before or who were not in the current care of an
ophthalmologist. The nature of the conditions detected dso varied: any retinopathy,
proliferative retinopathy and sight-threatening retinopathy being common choices. In

addition, the camera technology has changed and improved over the years in which these
gudies were performed. An important change is that the current digital cameras alow
immediate viewing of the image so that imaging fallures can be immediately logged and re-
attempted if appropriate.

The number of images of each eye obtained with aretind camerais dso a choice that may
affect the accuracy of screening. The cameras used as a gold standard in many studies use 7
stereoscopic images in an overlapping pattern, each with an incident angle of 30-degrees at
the camera. The cameras that have been assessed for screening use an incident angle of about
45-degrees—i.e. larger coverage — but only asingle image or two images have usudly been
tested. A non-mydriatic cameracan only take asingle image in ashort time span since the
flash causes the pupil to contract. It can, of course, take multiple images with mydriassin the
same way as amydriatic camera

Thereislimited evidence concerning the number of fields that should be viewed with aretind
camera. Interestingly, on average the sudies usng asingle fidld gave margindly better
results than those with 2 or more fields. However, this may be due to differing failure rates
and it is clear that this question is ftill very much amatter that requires further well-designed
clinicd trids. The SIGN guiddine does not give ajudgment on thisissue but the Nationa
Screening Committee guiddine (UK NSC, 2000) recommends the EURODIAB protocol of
2x45 (or 50) degreefieds.

5.3.5.3 Issuesin analysis of screening studies

Any st of retind images may be interpreted with more or less stringent criteria for
retinopathy. Asthese criteriaare relaxed the number of patients considered to have
retinopathy will increase — thus increasing the sengtivity but Smultaneoudy decreasing the
specificity. This dependence of sensitivity and specificity means that neither index can ever
make sense if presented done. 1t dso means that sendtivity and specificity estimates should
not be combined across studies without dlowing for the dependence. Thisissue done
requires that a gatistica model be used for rationa synthesis of a number of diagnostic or
screening sudies. In comparing differing imaging methods an adjustment should ideally be
made for the effect of different operators— e.g. GPs or optometrists. However, particular
imaging methods tend to be associated with particular operators and hence such anayses can
lead to unredistic conclusions about the performance associated with certain operators with
ingruments they do not generaly use. For thisreason it is better to report results only for
imaging methods with specific types of operator.

A further issue, which varied between studies, was the treatment of image failures. Most
sudies excluded such failures from anayss, but afew (Pugh et d., 1993; Larson et d.,

1992) treated them as positive diagnoses. For the purpose of planning a screening programme
it may be best to separate the issues of technica falure and dinica diagnoss. Combining

them would imply that the only strategies for deding with image failure would be ether

referra to an ophthalmologist or assuming them clear of retinopathy. Thus, where sufficient
data have been presented, the sensitivities and specificities used exclude failures.
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5.3.5.4 Satistical model combining all studies with ‘gold standard’ comparators
The main features of thisandydsare

1. It does not consider studies that did not include a comparator that could be agold
standard — e.g. inter-observer agreement studies for photographs.

2. Converts sengtivity and specificity to asngle variate usng ROC curvesto model the
effects of varying the index of suspicion.

3. Analyses estimates of accuracy for ‘any retinopathy’ and more severe retinopathy
(PR/ISTDR/Referable DR) separately.

It should be noted that this Satistical technique does not dlow for the possibility that a
supposed gold standard is less than perfect. Such potentia imperfections could be alowed
for if credible bounds could be placed upon the accuracy of the standard but such bounds are
not available.

A further anaytica complication with the studies used by NICE isthat severa groups were
often compared with a single gold standard within a study with respect to detection of a
number of different conditions. Thus correlaions may aso exist between apparently separate
comparisons. Thisissue would be best addressed within ameta-analysis of individua patient
data that are not available to these authors, and so isignored in the current analyss.

The details of the modd and aligting of the find dataset are included as Appendix 7.

Table 5-1 presents the estimated sengtivities for selected specificities for detection of more
severe diabetic retinopathy (sight-threatening, referable or proliferative) by various
professions using various imaging methods. For comparison with the aspiration of the St
Vincent declaration (80%) the sengitivities at 95% specificity are shown in bold. The
equivaent figures for detection of any retinopathy are given in Appendix 7.
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Table5-1 Estimated sensitivities (95% CI) vs. specificitiesfor sight threatening,
referable or proliferativeretinopathy
Various screening modalities

GP using direct ophthalmoscope through dilated pupils

Specificity 85% 90% 95% 97%
Senstivity 73% (52,87) 64% (42,82) 50% (29,71) 40% (21,62)
Optometrist using direct ophthalmoscope through dilated pupils

Specificity 85% 90% 95% 97%
Senstivity 79% (56,92) 71% (47,88) 57% (33,79) 48% (25,72)
Other professional using direct ophthalmoscope through dilated pupils

Specificity 85% 90% 95% 97%
Senstivity 88% (74,95) 82% (65,92) 71% (51,85) 62% (42,79)
Mydriatic photography graded by trained graders

Specificity 85% 90% 95% 97%
Sengtivity 96% (90,98) 93% (85,97) 87% (76,93) 81% (68,90)
Non mydriatic photography graded by trained graders

Specificity 85% 90% 95% 97%
Senstivity 96% (54,100) | 93% (44,100) 86% (31,100) | 80% (23,99)
Optometristswith dit lamp

Specificity 85% 90% 95% 97%
Senstivity 82% (63,93) 75% (54,90) 62% (39,82) 53% (30,75)
Ophthalmologist with dit lamp/indirect ophthalmoscope

Specificity 85% 90% 95% 97%
Senstivity 97% (90,99) 95% (85,99) 91% (76,97) 86% (68,95)

The bottom row of thistable differs from the othersin that ophthdmologists with dit lamps
are not an available screening option. Indeed, this modality has been regarded as agold
gandard in evauating other methods. To caculate sengtivities for this row 7-fidd
photography has, arbitrarily, been taken asthe preferred gold sandard. However, it should be
borne in mind that it is not possible to determine whether discrepancies between these two
methods arise from errorsin one or the other. The reason for presenting this comparison is
firdly to emphasize that the methods do occasiondly disagree and hence that neither can be
assumed error free and secondly to suggest that these sensitivities provide aredistic upper
bound on what might be expected of any screening method. Whilst these mean figures
achieve the & Vincent criteria of 80% sengtivity at 95% specificity the 95% confidence
interva on the sengtivity extends from 76% to 97%. Hence these studies do not provide
conclusive evidence that the St Vincent criteria are achievable for detection of sight-
threstening retinopathy. The sengitivity estimate for detection of any retinopathy is 79%
(95% confidence interval 60% to 91%) at a specificity of 95% and hencethe &t Vincent
criteriawere not achieved in this case (See appendix 7)

The point estimates of sengtivity for mydriatic and non-mydriatic photography interpreted by
trained graders are identical. However, due to the small numbers of casesin the sudies, the
confidence intervals for non-mydriatic photography are wide and hence these results should
be interpreted with caution. Some supplementary evidence lends weight to the conclusion of
equivdence. Firdly, the discrimination of any retinopathy isvery amilar. At 95% specificity
mydriatic photography had 73% (95%Cl: 52,87) senstivity whilst non-mydriatic had 86%
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(95%Cl: 68,96) senstivity. Any failure of non-mydriatic photography to reved fine detall
would be expected to adversely affect this comparison since the distinction between norma
pathology and mild retinopathy may be based on only one dot haemorrhage or
microaneurysm. Secondly, studies of non-mydriatic photography in which professons other
than trained graders screened for referable retinopathy suggest a sengitivity of 72% (95%Cl
52,86). It seemslikely that the accuracy of this group would beinferior to that achievable
with specificdly trained graders.

It should be noted thet there is little evidence within the studies considered by NICE
regarding optometrists usng dit lamps— asmdl sudy by Klengein (1987) in which a
sengtivity of 74% and specificity of 84% were estimated for sight-threatening retinopathy -
and none for * other professonas. However, ophthamologists achieve good results with
them.

Mogt of the evidence concerning optometrists using dit lamps comes from Leese et d. (1997)
and Olson et d. (personal communication, 2001), which were not part of the NICE evidence
base.

Burnett et a. (1998) reported a programme of retinal screening by optometrists in North
London. A sample of 28 patients referred to ophthalmology and 88 not referred were
assessad by a consultant or registrar ophthamologist with adit lamp. All the negative

screens and 22/28 positive screens were confirmed.  This suggests a sengitivity of 100% (95%
Cl 84 to 100) and a specificity of 94% (95% CI 87 to 98). Thesefigures are better than found
in the other studies. However, the confirmation by ophthalmologist in this sudy was not
masked. Thus the assessments were not independent. The question being answered might be
worded ‘wastheinitid referrd decision acceptable to the ophthamologist? Thismay be
rather different from the question ‘wastheinitid referrad decison identicd to thet the
ophthamologist would have made in the absence of any knowledge of the optometrist’s
recommendation? However, this sudy does suggest that there were no strongly held
differencesin clinica opinion over the non-referrds. This gppears to be areassuring finding

as regards optometrist assessments usng dit lamps. However, direct comparison of the
sengitivity and specificity obtained with other sudiesis not valid and hence this study was not
included in the meta-andlysis. The high sengitivity and specificity estimated from this study
without masking should be taken into consideration when setting targets if an unmasked audit
procedure is incorporated into the quaity assurance of the nationa screening programme.

Thus no overdl difference was seen between mydriatic and non-mydriatic photography.
However, the results were restricted to those images judged to be readable.

Table 5-1 does not differentiate mydriatic photographic screening using a single image of the
meacula aone from screening using two or more fields per eye. Two studies (Klein, 1985;
O'Hareet d., 1996) have looked at single image and two (Penman et al., 1998; Pugh et .,
1993) have looked a two images. The estimates of senditivity are shown below.
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Table5-2 Estimated sensitivities (95% CI) vs specificitiesfor sight threatening,
referable or proliferativeretinopathy
Mydriatic: 1vs2field

Mydriatic photography graded by trained graders—single field

Specificity 85% 90% 95% 97%
Sengtivity 97% (93,99) 95% (89,98) 90% (80,95) 85% (73,93)
Mydriatic photography graded by trained graders—two fields

Specificity 85% 90% 95% 97%
Sengtivity 88% (66,98) 83% (56,96) 72% (41-91) 63% (33,87)

This unexpected superiority of the Sngle field, which disagrees with expert opinion, may bea
chance effect snce the confidence intervas for senstivity a 95% specificity for two-fidd
photography extend from 41% to 91% while those for 1 image go from 80% to 95%.
However, this analys's does suggest that more evidence is required concerning the two field
protocol.

Some evidence is provided by Olson (personad communication, 2001) who has made a direct
comparison of one image with two images, dbet usng aresearch regisrar rather than a
trained grader. This study of 586 patients estimated sengitivity and specificity for referable
eye disease using digita photography of 94% (95% CI 85 to 99) and 87% (95% CI 85 to 90)
for atwo-field protocol compared with 93% (95% CI 83 to 98) and 87% (95% CI 84 to 90)
for aone-field protocol. In other words, almost identical accuracy was obtained.

Interesting research is underway (Leese, research protocol, 2001) to compare thedigita
retind images obtained using undilated pupils (Sngle field) and dilated pupils with
tropicamide 1% (multiple fields), with the gold sandard of dit lamp biomicrascopy by a
trained ophthamologist. In this study 400 patients will receive dl methods of evauation
using amodern camera (Canon CR5). Sengtivity, specificity, fallure rates and costs will be
evaluated for dl methods. This research is due to be finalised in early 2002 and should be
considered at the outset of the national screening programme.

Two NHS R& D Health Technology Assessments addressing specific aspects of diabetic
retinopathy screening are due for publication at the end of 2001 and will be consdered in the
find report.

5.3.5.5 Conclusions concerning screening accuracy

Direct ophthamoscopy does not produce consistent levels of accuracy for screening. The
highest estimated accuracy was for ‘other professonds’, who included diabetologists, and
reached around 72% sengtivity at 95% specificity.

Screening by optometrists using dit lamps has lower accuracy than photographic screening
but islikely to be an indispensable screening method in the short term and quality assurance
measures should be in place to ensure that it reaches a high and uniform quality sandard. An
unmeasked assessment by Burnett (1998) of trained optometrists, found a sengtivity of 100%
and specificity of 94%, which supports the need for good training schemes.
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Retind cameras achieved the highest levels of accuracy of any practical screening method in
these sudies and have the mgor advantage of providing permanent images for qudity control
and dinica review. Digitd retind cameras showed similar accuracy to conventiond
photography and have the additiond advantages of easly transmissible and storable images,
lower intengty flash, and the potential to move to automated grading systems. These should
be the preferred screening modality within anationa screening system.

Retinal cameras provided high levels of accuracy but a percentage of technical falures were
encountered in dl sudies. Most data on technical failure rates relate to conventiona
photography and data are insufficient to estimate the leve of technicd fallure likdy ina
screening programme with digital retinal cameras. However, arecent study estimated arate
of about 4.4% for atwo-fidd protocol with mydriasis and 3.5% for one-field. These rates
were sgnificantly lower than achieved with conventiona photography in the same patients.

Retind photography with mydriass, which alows the collection of multiple images, isthe
gtandard technique for diabetic retinopathy screening in many countries. However, there
gppears to be little difference between the accuracy and failure rates of modern cameras when
used with or without mydriass. Therefore it is recommended thet al cameras should be non
mydriatic, as these cameras can be used with or without mydriasis (but mydriatic cameras can
only be used with mydriass). Theissue of mydriasswill be addressed further in the
economic evauetion.

Recommendation

Thenational screening programme should use digital retinal cameras suitable for
use without mydriass.

5.3.6 Disbenefits
5.3.6.1 Adverse effects

The main source of adverse effects associated with diabetic retinopathy screening arisesfrom
the ingtdlation of eye drops used for mydriasis. Mydriacyla (tropicamide BP) is a short-
acting cholinergic agent licensad for mydriasis and the British National Formulary (BMA and
RPSGB, 2001) notesits use in retinal photography. Minims phenylephrine hydrochlorideis
licensed for topica use in the eye as amydriatic and may be indicated to dilate the pupil in
diagnostic or therapeutic procedures. Some servicesin Scotland use these dropsin
combination for mydriasis prior to retind examination (but there is no clear indication for
this).

Appendix 8 presents key sections from the UK Summary of Product Characteristics for
tropicamide and phenylephrine hydrochloride. Although a number of side effects are listed
with these agents, mgjor adverse effects are extremey rare. However, as mobile units permit
the adminigtration of drops outsde a generd hedlthcare setting, al those administering the
drops should be trained about the reported sde effects, contradindications and potentia for
interactions with tropicamide.

Mydriatic drugs will need to be administered under a Petient Group Direction and it is

essentid that the person doing so isamember of one of the legally defined professiond
groups for this purpose (see list in Appendix 8). Under these Directions, neither amedica
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technica officer nor amedical photographer can initiate administration of eye drops. In avan,
a Grade D nurse would seem to be essentid to administer the eye drops.

The protocol for administration of tropicamide and phenylephrine hydrochloride used in
Moray and Grampian is presented in Appendix 8. These protocols directly contravene the
contraindications relating to use in closed angle glaucoma. However, Pandit and Taylor
(2000) found that the risk in these patients was negligible and recommended usein dl

patients irrespective of perceived glaucomarisk. Also many physicians (including those in
Scotland) use the products during pregnancy, whilst patients are still wearing soft contact
lenses and to the ederly. Furthermore phenylephrine hydrochloride is actudly contraindicated
in “long-standing insulin dependent diabetes mellitus’, hence its use cannot be recommended
as sandard in the nationa screening programme.

The most common adverse reactions to these agents occur locdly, with blurred vison and
sengitivity to light. Complete recovery from the effects may take up to six hours, so patients
should be warned not to engage in hazardous activities unlessvison isclear. The British
Nationa Formulary states that patients should be warned not to drive 1-2 hours after
mydriasis. However, Jude et d. (1998) found that patients with diabetes who met the visua
legd reguirementsto drive (Binocular visud acuity £6/9) prior to dilation may not fulfil the
requirements post dilation. Post dilation, sunglasses did not improve the binocular visud
acuity and so did not enhance the ability to drive post-dilation. They note that the time course
of the phenomenon requires further study but recommend that patients should be warned not
to drive after mydriassfor at least 2 hours. Consequently patients should receive notification
prior to attending the screening vigt of the need for mydriasis and the effects that they may
anticipate with the eye drops.

Recommendation
A national treatment protocol should be developed for the use of tropicamide
when mydriasisisrequired according to Patient Group Directions.

Usein combination with phenylephrine hydrochloride should be consdered in
resear ch.
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6 ORGANISATIONAL ISSUES

Conclusons

The Scottish nationd screening programme for digbetic retinopathy should be fully
quality assured and integrated with other clinical management systemsfor the care of
people with diabetes.

A national coordinating centre should be established as directed by the Nationa
Sarvices Divison.

A network of regiona screening offices should be established for local organisation of
screening vigts, using methodol ogies defined nationdly.

All patients diagnosed with elther type 1 or type 2 digbetes mdllitus and aged over 12
years, or post puberty should have annual examinations of the retina (back of the eye).
For those with type 1 diabetes onset post puberty, 3 years past diagnosisisan
appropriate time to start screening.

Higher resolution digita retinal cameras (1365x1000 pixes) are recommended, with
images graded at capture resolution (i.e. not compressed). Image transfer usng a
direct digitd route is preferred to avoid degradation of qudity. The image should be
graded usng amodification of the CRAG grading system (to alow for onefidd) ona
PC with aCRT monitor.

Specidly trained and accredited non-medical graders should read the digital images,
supported by second opinions from ophthamologists and/or digbetologists. The same
saff may be used for both grading and screening given suitable training for both roles.

Thedinicd IM&T functions of the retinopathy screening programme should be
integrated with the nationa 1T system for digbetes care being established in Scotland.

6.1 Organisation of Systems

There is consderable literature on soft systems methodology and key success factors needed
within ‘complex humean activity systems' such as those for systematic population based
screening (Checkland, 1999). An important component for the management of complex
gysemsisthe cregtion of ‘information systems and ensuring that the * people’ components of
the entire * system’ are enhanced by the * Information Technology’ (IT) components and not
the reverse.

Experience has demonstrated that a nationa screening programme requires central
coordination and in Scotland thiswill be achieved with the hep of the Nationd Services
Divison (NSD) within the Common Services Agency of NHSScotland. The detalls of the
size, location and functioning of the loca screening coordination units and the mode of
delivery locdly is addressed in the economic evauation. This provides a proposed outline for
anationa screening programme, but the details of the establishment of the nationd and local
coordinating centres will need to be decided at the roll-out of the programme.
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Scottish Healthcare Supplies (SHS), dso within the Common Services Agency of
NHSScotland supply a procurement service to NHSScotland. They can provide comparative
evauations of equipment required by the Health Service and for the nationd breast screening
programme they provide professional advice to NSD for the purchase and maintenance of dl
mobile breast units. To ensure best vaue for money, it is recommended that SHS are
involved in the equipping of this nationa screening programme, wherever possble.

6.2 Learning from other Screening Programmes

Guidance on the Scottish Breast and Cervical Screening Programmes was updated in NHS
MEL (1999)82. Guidance is provided on commissoning esch programme as‘a
comprehengve entity’ with details provided about specific services, quaity assurance
processes and standards and individud roles, respongbilities and accountabilities.

These exigting Scottish screening programmes provide good mode s for establishment of
quality assurance mechanisms and nationd standards, but it must be remembered that a
diabetic retinopathy screening programme is also quite different. It is not screening otherwise
hedlthy individuals, but people from awide age range (from teenagers through to the elderly)
of both sexes, who are a high risk of a number of complications. Consequently, diabetic
retinopathy screening must be fully integrated into comprehensive diabetes care and thiswill
be facilitated by the work undertaken on the Scottish Diabetes Framework.

6.3 Screening issues

Two essentid features of asystematic retina screening programme will be integration into
the overdl care for individuas with digbetes and adequate qudity assurance.

Systematic diabetic retinopathy screening is afundamenta component of overdl care of
individuas with diabetes. While the process of eye examination may not dways be carried
out at the same time or in the same place as other diabetes checks, it is essentid that relevant
clinicians, aswdl as the person with diabetes, have ready accessto the findings of retinal
examinaions. The organisation of the screening vist and subsequent results must be
managed as part of the totaity of care. A variety of hedth care providers may beinvolved in
providing patient care and al (or most) of these will wish to access and contribute to a shared
carerecord. Thisisdifferent from most screening programmes thet offer atest to apparently
hedthy individuas. However, the ethical issues surrounding, for example, informed consent,
quality assurance or minimising risks of harm from screening remain relevant.

The organisation of a systematic screening programme has three main strands: the * patient

journey’ and the associated hedlth service functions of ‘service provison’ and ‘ programme
management’. These are shown in schemdtic outlinein Table 6-1.
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Table6-1 K ey aspects of a screening programme

Patient Service Provision Programme M anagement
Identify person Maintain popul&tion Co-ordinaion of individual
register* and screening components and overal
‘diay’ programme
Invite person Invitation and recall. Panning and work scheduling
Education and
Information
Screen person Apply screening test Quality Assurance of test process
Advise on result and Interpret test and Evauation of screening test and
future action determine future action quaity assurance of screening
process
Provide diagnogtic Referra Protocols Traning
assessment and Investigation, Staff recruitment and retention
treatment as necessary | Treatment and Follow Workload implications for each
up activity
Provide follow up as Follow up and Fail safe Information for Quaity Assurance
necessary Education and and Programme Monitoring
Information
Information provision Education Clinica Governance and formd
to individuas Programme Monitoring Performance Review
and reporting

*Asaresult of issuesrelated to data protection, theterm ‘register’ is sometimes replaced by
‘clinical information system’. This report will use the term ‘register’ throughout.

6.4 Modesof delivering screening

There are three main ways in which diabetic retinopathy screening can be offered to patients:
1. Inafixed medicd facility (e.g. hospitd outpatient unit)
2. From amobile unit:
a.  With the camera and associated equipment taken into amedicd facility (e.g.
GP surgery)
b. Takentoalocd dte, with patients entering the van to receive the examination
3. Inan optometrist’s practice.

The mohile facilities are custom made and the specifications of the equipment in the van and
the van itsdlf will depend on whether option aor b is chosen.

For option a, asmaller van can be used, but robust equipment must be used to trangport the
cameraand associated equipment into the medica facilities. The Grampian Screening
Programme uses such avan. It has a hydraulic lift, specia arrangements to secure the
equipment in the van and a custom made trolley to carry the equipment safely.

For option b, the van must be big enough to alow patients to have the screening test in the
van and aso to dlow patientsto wait for screening. The Tayside screening programme uses a
vanthedze of aFord Trangt and a parking facility is required close to an dectricity supply,
50 that the van can be plugged in. The Tayside van has been modified to provide air
conditioning running from the diesel: to cope with hot summer conditions and the cold
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conditions experienced in Scotland in winter. This van does not include disabled access and it
is currently only used to take a non mydriatic image.

It is recommended that a nationa contract be organised for procurement and fit out of digbetic
retinopathy screening vans: taking account of current experiencein local UK diabetic
retinopathy screening programmes and remembering the need to enable disabled access.

6.5 Population to beinvited for screening

The SIGN guideline (2001) recommends that al people with diabetes should be offered
systemattic screening for diabetic eye disease. It States that people with type 2 diabetes should
be screened from diagnosis (Grade A evidence). For people withtype 1 diagnosis, it is
recommended that screening start at age 12 or at onset of puberty, whichever isfirg, or if
onset of type 1 diabetesis post-puberty, screening after 3 years duration is recommended
(Grade D evidence). These recommendations should be used for the nationa programme, but
only those who are capable of benefiting from receiving laser trestment should be screened
(i.e. exduding those who are blind or medicdly unfit for trestment).

The screening programme does not need to include those under regular review by
ophthamologigts in the hospital setting, but it is essentid that information from specidist
retina examination is fully integrated into the medical record and cal/recall sysemsfor
retinopathy screening.

In a computer based system, excluding asmall proportion of patients should not pose many
adminigrative problems, provided that al individuals known to have digbetes can be
identified and that their records can be linked to the retina screening results and dlinica
manegement recommendations of previous retind examinations. A key issue concernsthe
process for invitation and, in particular, clearly definition of ‘who’ has ‘responghbility’ for this
task. Thisiscovered later in the section on quality assurance (section 6.11) and GP
involvement (section 6.13.6).

6.6 Screeninginterval

SIGN (2001) evaduated a number of sudies performed to evauate the optima frequency of
diabetic retinopathy screening, including options to eval uate patients at low risk bi-annudly.
However, a the introduction of this programme it will be logidticdly easier to maintain a
sangle screening frequency for dl patients, with additiona early referrd possible for those
patients a high risk. Asgenerd diabetic screening takes place annualy and thisisthe
screening interva recommended by the NSC, annua screening is recommended in the
Scottish programme. However, further research is required to establish those who are at low
risk of developing sight threatening retinopathy and so consder increasing the screening
interva.

6.7 Clinical IM&T
6.7.1 IM&T developmentsrelated to diabetesin NHSScotland
The Scottish Clinica Information (SCI) initigtive is a the centre of the new Scottish

Executive IM&T policy. It includes a series of projectsto create nationd, integrated IM& T
systemns, which can be used to support cliniciansin the care of diabetes, cancer, mental hedth,
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coronary heart disease and pharmacy systems. A clinical steering group isdirecting each
initiative, and the SCI Diabetes Collaboration (SCI-DC) will support the care of digbetic
patients across primary, secondary and community care.

The SCI Diabetes Collaboration plans two parale streams of activity; firgtly the
consolidation rall-out, and support of existing systems, and secondly the development of a
new nationa system incorporating the best of exigting systems and converging with other new
srategic, nationd developments.

SCI-DC will build on the exiging systems in the Lanarkshire Diabetes System (LDS) and
Diabetes Audit and Research in Tayside Scotland (DARTS) project. Thiswork will be linked
with other NHSScotland IT systems, such as GPASS and the work on nationa patient
registers and eectronic patient records undertaken by ISD.

It istherefore essentiad that any dlinica IM& T recommendations for digbetic retinopathy
screening are cong stent with the SCI Diabetes Collaboration. An essentid requirement of
screening is that the result and image can be incorporated into the computerised medical
record that is under devel opment.

6.7.2 Clinical IM&T required for diabetic retinopathy screening
Any sysem for retinopathy screening should fulfil the following functions:

Identification, invitation and recall of digible people with diabetes for screening
Attendance for screening and results

Incorporation of results into e ectronic medica record

Monitoring the screening process.

Itis proposed that the SCI-Digbetes Collaboration will work closdy with the Nationd
Services Divison who have vast experience from other programmes (breest, cervica) of
merging individua locad sysems into comprehensive nationa quaity assured systems. A
parald track of development is proposed

Initia implementation of Smple regionaly based cdl-recdl sysems
Medium term development of afully integrated call-recall system as part of the SCI-
DC Diabetes Collaboration.

6.7.3 ldentification, invitation and recall

The digible population (section 6.5) can be best identified from the regiond diabetes regidter.
Thisisacomprehengve regiser of dl people with diabetes who are resdent in a defined
NHS Board region. Thiswill include names, addresses and dates of births, aswell asthe
names and addresses of their generd practitioners.

At NHS Board level, the HTBS survey has shown that there is considerable work to be done
to ensure comprehensive ascertainment of residents with diabetes. Several Boards are only
able to estimate numbers. Established registers have taken severd years to compile and
quality assurance checks and procedures are, in most cases, a the early stages of
development. Support for genera practitioner participation in the screening programme
induding submission of names of individuds eigible is therefore essentia (section 6.13.6).
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With computerisation, asmple invitation sysem will be implemented with the generd
practitioner’s participation and consent, both for initia screening and for subsequent routine
repeat vidts. A centralised gpproach to implementing this cal-recdl functiondity will take
time to develop. In the short-term the only way to deliver screening using consistent datasets
across Scotland is to develop a smple gpplication designed for that purpose. An MS-Access
or amilar database would suit and would provide afocus for regiond screening in the
immediate future. If regions are committed to this approach, an upgrade to a more tightly
integrated, centralised solution, as part of SCI-DC will be amplified. In addition, theuse of a
standard database would lead to standardisation of cdl/recal mechanisms.

The HTBS survey shows that even where systematic diabetic screening programmes arein
place in Scotland, call/recall capability is at the earliest stages of development. Experience
from other population programmes based upon the Community Hedlth Index (CHI:
Womerdey, 1996) such as for childhood immunisation, child health surveillance, breast and
cervica screening, has shown the benefits of anationa centra index for locating and
following up individuas who move. Universa use of the CHI number in NHS information
sysemsfor patient identification should facilitate the design of IT sysemsto minimise the
risk that an individua may be overlooked.

The CRAG dataset for diabetes (Scottish Executive Health Department, 2000) (section 6.9)
includes data fields defined for retina screening. Although this does not currently include
standards for a cal/recal system, the intention is to ensure each region commitsto using
consstent methods of cal/recdl that can be supported by one Smple screening management
database.

6.7.4 Attendance for screening and results

A smplerecord will be developed giving identification particulars, date of attendance, current
retind status, and essentid dinica information. This record will accompany the digita

images and will facilitate the clinical decision making processin terms of routine recall,

repeat screen or referrd for assessment. Only the current image should be viewed by the
grader.

Someindividuals may, for clinica or other reasons, be too unwell to participate in systemétic
screening or to receive laser trestments. The cdl/recal process will aso need to
accommodate such circumstances. It is proposed that lists of patients who will beinvited for
screening will be sent to generd practitioners for gpproval before invitations to attend are
issued (see 6.13.6).

6.7.5 Incorporation of resultsinto electronic medical record

The date of attendance and result will be added to the computerised diabetic record and sent
to the generd practitioner. If areferra for assessment is made, the record will be flagged to
expect afind diagnosis and thiswill provide a check that an appropriate referral has taken
place.
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6.7.6 Monitoring the screening process

Linkage to the locd dinica digbetes information system is essential so thet the diagnosis of
diabetic retinopathy can be added to the diabetes record. Together with the records from the
cal-recdl system the following aspects of the process can be monitored: acceptance rates, self
referrals, cases of retinopathy detected by screening, proportion of people with digbetes
referred for assessment, proportion receiving laser therapy, and incidence of visud

imparment.

6.7.7 Implementation plan
The following implementation plan is proposed:
Stage 1: Short-term implementation with call/recall at region level :

Definition of aretina screening dataset

Ascertainment of the data linkage requirements to populate regional screening
databases

Development of asmpleretina screening administration database

Procurement of additiona retinal cameras and the development of screening software
Initid testing of the administration database in one region

Gradual wider implementation and database seeding across Scotland.

Stage 2: Medium term implementation using SCI-DC.:

Collaboration and integration with nationa IM& T drategy

Desgn and implementation of SCI Outpatients, LDS and DARTS interfaces
Incorporation of the retinal screening and adminigtration dataset into SCI-DC
Gradua migration to SCI-DC from the MS- Access based administration database
Deve opment of web screening mechanisms incorporating best of breed capability
such as automated retina grading and incorporating extensve educational materia
Incorporation of automated primary care links as part of SCI-DC.

6.8 Data protection

The Data Protection Act (Greet Britain, 1998) has important implications for the handling of
patient data and collation of data from avariety of sourcesvia a patient identifier with
identifiable characteristics (such as CHI). The outcome of the consultation processto the
paper issued by the Confidentidity and Security Advisory Group for Scotland in July 2001,
will drive the requirements to observe patient confidentiaity in al aspects of hedthcarein
Sootland and must be followed for this nationa screening initietive.

6.9 Grading

At the outset a 3-levd grading system is envisaged with the retind cameras, Smilar to that
used in Bro Taf (section 6.12.1). Initid graders (MTO grade 3 or above) would identify
images with any potentia sign of retinopathy and send them to second level graders. These
graders would then review the images and pass on those with suspected referable retinopathy
for final grading by an ophthamologist. The ophthamologist would dso perform the qudity
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assurance of a percentage of theimages. For any technical failures, patients would be referred
for dit-lamp examinaion. This 3-level gpproach should reduce the number of unnecessary
referrals to ophthalmologigts.

A standard grading nomenclature for diabetic retinopathy is essentia for consgstent grading,
for internal and external quality assurance purposes, for ease of exchange of data between
clinicd information systems, and for agreement on referrd thresholds. The grading system
needs to be of sufficient complexity to enable triage of patients into appropriate clinical
outcomes e.g. referral to ophthamology, routine re-screen, re-screen at reduced interval, but
should not be unnecessarily complex. Theimportant break points are the presence of any
diabetic retinopathy and the presence of referable or potentially sight threatening diabetic
retinopathy. The latter category may include the presence of lesons within the vicinity of the
macula

The CRAG Working Group on IT to Support Shared Care in Diabetes (Scottish Executive
Hedlth Department, 2000) in its diabetes dataset recommends a 10 point mutualy exclusive
grading nomenclature, with the presence or absence of maculopathy assessed separately. The
CRAG dataset does not include definitions of each leve, but refers to the Roya College of
Ophthamologists 1997 guidelines for diabetic retinopathy for the precise definition of the
grades. These are based on the EURODIAB grading system, which in turn was vaidated
using two overlgpping 45° photographic fields againgt the gold standard of amodified Airlie
House classification applied to 7-field 30° photography, as used in the definitive Early
Treatment of Diabetic Retinopathy Study (ETDRS). In the CRAG dataset the term
background diabetic retinopathy (BDR) isused in place of non-proliferative diabetic
retinopathy (NPDR) as used in the Roya College Guidelines. Four quadrants of the retina,
centred on the disc, must be available to permit complete assessment by this methodology.
However recent evidence suggests that the CRAG nomenclature can be applied to grading
using only the macular centred field with no loss of sengtivity or specificity for detection of
referable retinopathy (defined as moderate non proliferative retinopathy or worse,
proliferative retinopathy, or dlinicdly sgnificant macular oedema) (Olson et d., personal
communication, 2001).

The Nationd Screening Committee through its Photographic Grading and Disease
Management Working Party (2000) has produced an aternative grading system to the
EURODIAB sysem. There are minor differences in language e.g. background retinopathy
vs. non proliferative retinopathy, but more fundamentd differencesin terms of the number of
grades defined and the requirement for any lesion counting - severity being assessed in
comparison with standard photographs. Asin the CRAG nomenclature maculopathy is
assessed separately, but there are important differencesin that the main area of interest isless
(circle of radius 0.5 DD vs 1.0 DD), except where circinate exudates are present in which case
the area of interest is substantidly larger. Haemorrhages done in the macula are disregarded

in the absence of areduction in visud acuity. The NSC grading system is pragmatic, based

on consensus expert opinion, but does not have a rigorous outcome related evidence base, and
has not been widdy adopted in screening programmes e sewherein England & Wales.

Table 6-2 compares the two systems, and is set out so that in each row there isrough
equivaence. The NSC system reduces the retinopathy grades to four based on the
requirement to identify both any retinopathy and sight threstening retinopathy. 1n this model
RO and R1 do not require referrd whilst R2 and R3 require referral and urgent referral
respectively. Inthe CRAG system R2 isdivided into three categories of BDR (moderate,
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severe and very severe), which might allow the option for a reduced screening interva for the
BDR moderate group as opposed to referral. The NSC system includes advanced diabetic eye
disease with proliferative retinopathy on the basis that both would necessitate urgent referrd.
The definition of diabetic maculopathy is quite different in the two systems, with athree step
process and an effectively twice as large area of potentid interest in the NSC system.

There may be advantage in recording the presence or absence of specific lesonswithin the
reporting software. Thiswould then dlow the derivation of a summary grade through the
gpplication of arule based dgorithm.

The CRAG grading system is an objective, reproducible methodology which has an evidence
base that relates grade to risk, and has been shown to be effective in the detection of referable
retinopathy when applied to the macular field in isolation. The NSC system is untested, lacks
afirm evidence base and rdies on quditative comparisons with standard retinal photographs,
which are not currently available.

In view of the above points, amodification of the CRAG grading system (Table 6-3) is
recommended for use in Scotland for al retind grading, including sngle fidld macular
photography, two field EURODIAB protocal photography and dit lamp examination. The
modifications comprise; disregard of cotton wool spots in isolation, as these lesions have no
greater prognostic significance than hard exudates (ETDRS, 1991); addition of a separate
record for laser photocoagulation burns and other significant non diabetes related coincidental
lesons, an dteration to the grading rules for single field photography to guarantee no
possibility of undergrading non proliferative retinopathy at any break point.

Referable retinopathy comprises any of; BDR of grade severe or worse, PDR, or diabetic
maculopathy. Patients graded BDR-Moderate in the absence of other features of referable
retinopathy need not necessarily be referred to an ophthamologist as laser therapy would not
be immediately indicated. However this policy should only be followed provided that
arrangements can be made to re-screen this group a six monthly intervas.
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Table 6-2 Comparison of CRAG and NSC grading systems
CRAG NSC
1 No diabetic retinopathy anywhere RO No diabetic retinopathy
2 Background diabetic retinopathy (BDR) - R1 Background diabetic retinopathy
mild At least one dot haemorrhage or
At least one dot haemorrhage or microaneurysm or blot haemorrhage of extent
microaneurysm with or without hard less severe than NSC standard photo 1, with or
exudates without exudates
3 BDR - moderate R2 Preproliferative diabetic retinopathy
Any one of the following Any of the following
Four or more blot haemorrhages per Multiple blot haemorrhages of density in any
quadrant in one to three quadrants areamore severe than NSC standard photo 1
Venous beading in one quadrant only Venous beading
Cotton wool spotsin one or more quadrants Venous loop or reduplication
IRMA
Cotton wool spots are not diagnostic of R2,
but should promote a careful search for other
lesions.
4 BDR - severe
Any one of the following
Four or more blot haemorrhages per
quadrant in four quadrants
Venous beading in two or more quadrants
IRMA in one quadrant
5 BDR - very severe
The presence of any two categories for
BDR — severe
6 Proliferative diabetic retinopathy (PDR) R3 Proliferative diabetic retinopathy
New vessels outwith aradius of one disc Any of the following features
diameter of the centre of the optic disc New vessels on optic disc (NVD)
New vessels elsewhere NVE)
Pre-retinal or vitreous haemorrhage
Pre-retind fibrosis + tractional retinal
detachment
7 PDR - Highrisk
New vessels within aradius of one disc
diameter of the centre of the optic disc
8 Advanced diabetic eye disease
Any of the following
Vitreous haemorrhage
Rubeosis Iridis
Retinal detachment
9 Enucleated eye
10 Not adequately visualised U Ungradeable
Retina not visible sufficient for assessment Images ungradeable due to any of
Poor quality
Photographs not obtainable
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CRAG

NSC

Macula

Diabetic macul opathy present

Hard exudates and/or microaneurysms or
haemorrhages within a radius of one disc
diameter of the centre of the fovea

Exudate within aradius of half a disc diameter
of the centre on the fovea

Circinate or groups of exudates within acircle
centred on the foveawith aradius equal to the
distance between the centre of the foveaand
the tempora margin of the disc.

Any microaneurysm or haemorrhage within a
radius of half adisc diameter of the centre of
the foveaonly if associated with aVA of £
6/12

Photocoagul ation
Presence of photocoagulation scars

oL

Other lesions

Central/branch retina occlusion

Age related macular degeneration / drusen
Glaucomatous disc cupping

Cholesterol emboli

Asteroid hyalosis

Pigmented lesion

Myelinated nerve fibres
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Table 6-3 Recommended grading protocol based on adaptation of CRAG system
Grade EURODIAB two field or slit lamp Single macular field photography
1 No diabetic retinopathy anywhere No diabetic retinopathy anywhere
2 Background diabetic retinopathy (BDR) — mild Background diabetic retinopathy (BDR) — mild
At least one dot haemorrhage or At least one dot haemorrhage or
microaneurysm with or without hard microaneurysm with or without hard
exudates exudates
3 BDR — moderate BDR — moderate
Any one of the following Four or more blot haemorrhages in one
hemi-field only
Four or more blot haemorrhages per
quadrant in one t.o three quadrants (Inferior and superior hemi-fields delineated by a
Venous beading in one quadrant only line passing through the centre of the fovea and
optic disc)
(Quadrants defined by two perpendicular lines
intersecting at the centre of the optic disc, with one
line also passing through the centre of the fovea)
4 BDR — severe BDR — severe
Any one of the following Any of the following
Four or more blot haemorrhages per - Four or more blot haemorrhages in both
quadrant in four quadrants inferior and superior hem-fields
o Venous beading present
Venous beading in two or more IRMA present
quadrants
IRMA present (one or more quadrants)
5 BDR - very severe BDR - very severe
The presence of any two categories for The presence of any two categories for
BDR — severe BDR - severe
6 Proliferative diabetic retinopathy (PDR) Proliferative diabetic retinopathy (PDR)
New vessels outwith a radius of one disc New vessels outwith a radius of one disc
diameter of the centre of the optic disc diameter of the centre of the optic disc
7 PDR - High risk PDR - High risk
New vessels within a radius of one disc New vessels within a radius of one disc
diameter of the centre of the optic disc diameter of the centre of the optic disc
8 Advanced diabetic eye disease Advanced diabetic eye disease
Any of the following Any of the following
Vitreous haemorrhage Vitreous haemorrhage
Rubeosis Iridis Rubeosis Iridis
Retinal detachment Retinal detachment
9 Enucleated eye Enucleated eye
10 Not adequately visualised Not adequately visualised
Retina not visible sufficient for Retina not visible sufficient for
assessment assessment
Macula Diabetic maculopathy present Diabetic maculopathy present

Hard exudates and/or microaneurysms

or haemorrhages within a radius of one
disc diameter of the centre of the fovea

Hard exudates and/or microaneurysms or
haemorrhages within a radius of one disc
diameter of the centre of the fovea

Photocoagulation

Laser photocoagulation scars present

Laser photocoagulation scars present

Other

Other non diabetic lesion present

Pigmented lesion

Age related macular degeneration/
drusen

Myelinated nerve fibres

Asteroid hyalosis

Retinal vein thrombosis

Other non diabetic lesion present

Pigmented lesion

Age related macular degeneration/
drusen

Myelinated nerve fibres

Asteroid hyalosis

Retinal vein thrombosis
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6.9.1 Automated Grading

Automated detection of diabetic retinopathy has progressed rapidly in the last decade, and
commercia programmes are now becoming available (Hipwell Jet d., 2000; EgeB et d.,
2000; Lee Set d., 2001). Research work is aso being undertaken in thisfield by the TIDES
project (Gray et d., 1998) at the Tennent Indtitute in Glasgow.

Automated techniques have the advantage of repesatability and the dgorithms can aso be set
for any particular sengtivity or specificity. Individua human graders tend to have their own
varying interna reference standards which are difficult to make conform even with training
leading to intra- and inter-observer variability.

Grading of photographs or digita images is arepetitive task and where two thirds are

expected to be normal this leads to fatigue and boredom (Hipwell JH et d., 2000). Computers
do not face these problems but they are heavily rdliant on images being of a sufficient qudity

to enable analyss. Imageswill therefore have to be graded for image qudity before being
processed. Thisis, however, afar smpler and quicker task than actually grading the image.

In ascreening context, assuming a prevaence of retinopathy of 30%, it is has been estimated
that automated grading, acting as afirst level grader, could correctly classify 51% of a
diabetic population as having no retinopathy.

However, to date, automated grading has not been used in alarge screening programme. The
largest study recruited 586 patients (Olson et d., personal communication, 2001) but thisis
smdl in comparison to the total number of people with diabetes to be screened in Scotland.
These have not been fully vaidated for use in anationa programme, but they could provide
sgnificant advantagesin terms of efficiency. Therefore they should be systematicaly studied
early in the screening programme.

6.10 Retinal cameras and softwar e necessary for manipulation of digital images

From an IT perspective, of prime concern in the procurement of new cameras and software is
ensuring that images and the results of any screening can be eadily extracted. Initiatives such

as TOSCA (Zahlman, 2001) are attempting to provide value added services such as automated
initid grading that Scotland may wish to implement in the longer term. To make the most of
these opportunities, flexibility isvitd. The most flexible camera solutions provide a TWAIN
interface to the cameras. This alows the design of screening software to meet specific needs
without relying on the development timescales of a camera manufacturer or forcing

procurement of cameras from any one manufacturer. In addition, the cost of screening
software from camera manufacturersis often high. If many new cameras are required, there
may be agood economic argument for developing screening software for NHSScotland.

A smple MS-Access retind screening database that incorporates digital image capture and
image manipulation is aready available for usein NHSScotland (in Taysde). Herethe
Topcon TWAIN driver is used to physicaly capture theimage. The Access database
coordinates the capture of thisimage viathe provided driver. It displays and stores the image,
and provides image manipulation facilities. Images are then compressed and uploaded to the
webdgite. In this system, screening can be done at the Access database (origina image) or on
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the website (compressed image). The Tayside system appears to be effective and could
provide a useful starting point for development of a nationa system.

The image captured by the cameraisinitidly stored asafine grid of coloured dots (pixels).

In digitd systems, where the image is captured direct to a computer termina two
methodologies are currently used. The most common method relies on an ana ogue output
from avideo camera (most commonly operating a a625 line TV sandard), which is digitised
in the capture PC by aframe grabber capture card ingtaled in the PC. When the TV standard
isinuse asisthe casein the widdy used Sony 3 chip DXC 950P camera, adigital image of
medium resolution (785 x 576 pixels) is obtained. More modern higher resolution cameras
using charged couple devices can offer atrue digital output viaa SSCI connection, or can
offer ahigh resolution analogue output following digital to analogue conversion, requiring
subsequent re-digitisation within the cgpture PC. The Nationd Screening Committee (UK
NSC, 2000) states that the current generation of medium resolution TV video cameras using
andogue to digital converson are inadequate for the purpose of digbetic retina screening.
They recommend the use of atrue digital camerawith aresolution of at least 1365x1000
pixds, such asthe VC KY-F7OU. This statement is based on the theoretica pixelaion
required to resolve aleson with the diameter of asmall microaneurysm. There is however
little evidence on the performance of the two resolutionsin the detection of lesonsin actud
practice or on the effect on the sengtivity for detection of referable retinopathy.

The use of ahigher resolution camera does have some disbenefits. Imagefileszeis
gpproximately 4Mb compared to 1.3Mb for medium resolution which has significant
implications for storage and tranamission over networks of limited bandwidth. Some high
resolution cameras have been found to suffer from significant internal noise which degrades
theimage. This can be dedlt with by noise reduction filters within the camera, dthough these
intringcaly reduce resolution by smoothing the captured image. For storage the grid of
pixels can be recoded into amore efficient form. However, some forms of image
compression can reduce the quality of the picture and its use is an area of current debate.

A small sudy of 49 diabetic fundi (Newsom et ., 2001) photographed using 35mm
trangparencies were digitised to tagged information file format (TIFF) using a scanner with a
resolution of 3000 dots per inch. The images were then converted to JPEG files a 0%, 70%,
80% and 90% compression, randomised and graded on a laptop computer with a SVGA
(super extended graphics array), thin film trangstor flat (TFTF) screen (1024x768 pixels,
0.28mm dot pitch). Theimages were presented in random order to two masked graders. The
gold standard comparator was the origina 35mm image projected to adiameter of 1.4 mm
(x4300). At 90%, 80%, 70%, 0% compression, the sengitivities (Specificities) were 0.38
(1.0), 0.5 (1.0), 0.65 (0.83), 0.72 (0.84) respectively. These results demonstrate alarge
reduction in sengtivity with increased image compression. However, it isinteresting to note
that even with no compression, the sengtivity isless than 80%. The authors indicate thet this
was as aresult of usng the TFTF screen.

It isunclear how the scanning of 35 mm transparencies in this study relates to current digital
sysems where the image is captured directly to the PC, so the vaue of these resultsis
guestionable. However, the conclusions regarding the use of the TFTF screen on the laptop
are important and should be considered in equipment purchase.

Monitor resolution is an important consderation because a3 million pixel image cannot be
viewed pixel for pixd on most systems. A 19 or 21 inch monitor running & a screen
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resolution of 1600x1200 will only display two-thirds of a3MB pixd image. To make an
image fit the screen pixels will be merged and some information lost. Consequently, some
professonds believe that a CRT monitor should be used and that grading should not be
performed on alaptop screen.

Another small study of 68 diabetic fundi (Basu et a., 2001) compared photographs with the
SONY DXC-950P (1.3MB) and the WVC KY — F70U (4MB), and investigated the effect of
four levels of JPEG compression (20-50KB). Microaneurysms and drusens were more easily
detected against SONY s better contrasting background, but the JVC detected more lesionsin
the peripherd, lessilluminated, portions of the SONY image. However, adjusting brightness
and contrast allowed compensation for the differences between cameras. With regardsto
compression, there was no |oss of lesion detection between the bitmap and jpeg formats for al
four compresson levels. In 11/68 of the fundi, tiny microaneurysms were detected by

ophtha moscopy, which had been missed by both cameras.

This study is more relevant to the options being considered in this screening programme. It
suggests that image compression is not amgor problem with the older or newer cameras.
However, the quality of the study is questionable. An appropriate gold standard has been
used, but it is unclear how many graders were used and whether there was any masking or
randomisation of images.

Some dgorithms clam to achieve compression with no loss of information (losdess
compression). These dgorithms are new and require further investigetion.

6.10.1 Recommendations on cameras and image manipulation

Images should be graded at capture resolution until further evidence on the
acceptability of compression becomes avallable.

Images should be graded on a high resolution large format (19 or 21 inch) cathode ray
tube monitor.

Software used for image grading should be capable of full image manipulation.

Legacy camerasin current use based on the video (785 x 576 pixels) resolution can
continue to be used, but consideration should be given to upgrading to a higher
resolution.

New purchases of image capture devices should meet the 1365 x 1000 pixel standard,
and should support image transfer to the PC by adirect digitd route to avoid
degradation of image qudity in adigita to analogue and andogue to digital

conversion.

Therdiability of thin film transstor flat (TFTF) screens (as used in lgptop computers)
for grading should be investigated.

6.11 Quality Assurance

The HTBS Basdline Survey has clearly identified the absence of systematic and
comprehensive quality assurance processes throughout Scotland at the present time. A whole
systems gpproach within an organised learning culture (Checkland, 1999) is needed to move
from the rather haphazard position at present towards amode that has coherence with the
present reality of NHSScotland (Scottish Executive Health Department, 2001).
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The quality assurance process must be capable of enabling activities at an individua level
(petient or practitioner) aswell as at population levels (practice, hospitd, LHCC, Trust, Board
or naiond). Standards need to be clearly defined, published and monitored. If thisis
inadequate or dow in development, it can provide the basis for successful litigation. Entry to
such a programme requires informed consent and failure to obtain this could be considered as
negigent. However, it isaso essentid to be able to demondrate that each digible individua
had been given the opportunity to make an informed decison. Key to dl of thisis clear
presentation and dissemination of agreed policies, procedures and respongbilities. Theroles
and respongbilities, for example, of agenerd medicd practitioner to hisher patient, need to
be consdered adongside their complementary roles and respongbilities within a nationd
systematic population based screening programme. The policy for areas of potentia
ambiguity or confusion should be clearly stated within the nationa guidance and operationd
procedures designed to ‘fail saf€’ to protect and respect each digible individud being
congdered for invitation for screening.

The Scottish Diabetes Framework (Scottish Diabetes Framework Working Group, 2001)
commends the adoption of LDSAGs (section 3.2.3) at NHS Board level and the development
of Managed Clinical Networks (section 6.13.1) for diabetes (MEL (1999)10). It will also be
important to identify ‘lead clinicians, ‘key contacts and programme co-ordinators. These
are likely to be individuals who aso have other responsbilities and they should not be
confused with programme managers who are likely to have well defined key functions and
responsibilities specific to screening or other aspect of the service. In addition, controls on
patient identifiable data (section 6.8) will require explicit arrangements for Caldicott Guardian
and CNORI S requirements. All of these individuas should have ‘named person’ authority
with clear remits, authorisation, support and accountability arrangements explicitly in place.

Quality Assurance standards and processes for different components of the programme should

be set nationdly asin other screening programmes (MEL (1999)82). These would be areasto

be examined in the future by the Clinicad Standards Board for Scotland. The specific areas

indude:
- Quality Assurance of population register

Quality Assurance of screening register such as agreed dataitems and standard data

sheet

Qudity Assurance of image capture equipment

Accreditation of screener(s)

Quality Assurance of ‘negatives (MEL (1995)64)

Quadlity Assurance of register of ‘positives

Quality Assurance of screening history of ‘positives

Quality Assurance of programme co-ordination, governance and scrutiny

Quality Assurance of trestment.

The College of Optometrists has produced a clear clinica audit framework for optometric
practice that is desgned to help the optometrist improve patient care (College of

Optometrigts, 2001). It notes that audit should involve the whole practice team and explains
the role and benefits of audit including sections on non attendance, recdl, complaints and
accuracy and feedback of referrals. Clear checklists are aso provided to facilitate widespread
use of the framework. Appendix 10 presents the checklist provided to evaluate accuracy and
feedback of referrds. The only weak part of the proposed system isthat for a nationa
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screening programme, the accuracy of the screening for patients who are not referred would
aso have to be systematically checked.

6.12 Examplesof large diabetic retinopathy screening service programmesin the UK
6.12.1 The Bro Taf Diabetic Retinopathy Screening Service

The Bro Taf Hedth Authority in Wales has established a diabetic retinopathy screening
scheme which provides agood example of many of the key eements that are essentiad to a
systematic screening programme with digital cameras.

In 2000, Bro Taf had a population of approximately 742,373 people and an estimated
prevalence of diabetes of approximately 2.34% (17,372 patients). The objectives of the
Savice are:

To provide annud fundal photography for people with diabetes resdent in the Bro Taf
locdity with the excluson of those registered blind, under the age of 12 years,
currently under the care of an Ophtheimologist, or regarded as medicaly unfit.

To provide equitable access to patients by provision of mobile screening units to both
community and hospital locations.

To provide grading and reporting service to both primary and secondary care
physcians within 10 working days of patient’s screening, i.e. grading images within
approximately 10 days of screening, followed by ditribution of retinopathy report.

To ensure dl components of the Screening Service have gppropriate quality assurance
standards applied.

To assg in the onward referrd of patients to Ophthamologists (only patients with
sight threetening diabetic retinopathy).

To provide acdl and recdl system for patients.

To review nontattendance rates and take gppropriate action to maximize patient
attendance.

To eficiently archive dl digitised images for future andyss and retrievd.

The Service uses 3 mobile screening units using digital cameras (Canon and Topcon) with
mydriass. The organisationd infrastructure of the Service is presented in the diagramin
Appendix 11. The Serviceis based at one hospita, with one central service manager. Each
van is saffed by a photographer and hedlth care assstant. The vanstraved to hospitas or
community locations and the screening takes place in that Ste. The unit spends 2 to 4 days at
each Site.

Patients are referred by their GP, Practice Nurse or Hospital Consultant via a screening
request form. Retinopathy Screening Coordinators located at 4 hospita's schedule screening
sessions and contact patients directly about their appointments. (Registers are not in place,
but these data regarding diabetic patients who require screening are held on a dedicated
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computer system to aid call-recall.) Sessions are scheduled 3 monthsin advance and patients
are sent appointments approximately 4 weeksin advance. Timings may vary between
locdlities.

L aptop computers are used for image acquisition and on return to base images are uploaded
through the network onto the service database.

All images are graded by trained non-medicd retind primary graders usng specidly

deve oped software with image manipulation facilities (Orion Imaging DRSS software).
Those graded as having sight threstening retinopathy or with difficult or questionable images
are reassessed by the screening service clinicians. A percentage of dl images graded as
norma are also checked. At fortnightly intervas, difficult cases and the gppropriateness of
referrals are reviewed with Consultant Ophthamologidts. Interna and externad qudity
control sysems are in place.

The Retinopathy Screening Coordinators distribute the screening results to diabetologists
within 5 working days for Sght-threatening cases and to GPs or diabetologigtsin 20-25
working days for the remainder of patients.

6.12.2 Optometry schemes

The Staffordshire diabetic screening service started in 1995 and covers gpproximately 90% of
the known diabetic population in the area. It involves 143 accredited optometrists (out of a
totd of 146) and dl GP practices. A dit lamp with volk lensis used with mydriags. The
importance of ateam gpproach to patient care including ophthamologists, optometrists, GPs,
diabetologigts, diabetes nurse specidids, dieticians and chiropodists was stressed. A local
training scheme that was agreed againgt a nationd framework was implemented, with
accredited practitioners and agreed referrd protocols. The total number of examinations
made annudly is 13098 or 18400 single vidtsin an 18-month period. The service costs
£12.50 per patient and is estimated to have saved 2912 hospital appointments over 18 months.
A clinical audit scheme was established from the outset. However, the Director of Public
Hedlth suspended the clinicd audit of hospitd referrals after the scheme had been running for
2 years because no fase pogtives were identified.

In Argyll and Clyde an optometrists retinopathy screening scheme was established in 1994
using mydriasis and direct ophthalmoscopy. In spring 2000 this was dtered to utilise dit
lamps, with direct referrd to ophthdmologist if necessary. The focus of the schemeis on the
need for joint working with other members of the primary care team, recognising that the GP
has the overdl respongbility for the care of the patient. Since 1996, a protocol has been
agreed with the AreaNHS Board. The schemeinvolvesinitid and ongoing training to
receive accreditation. For audit purposes, 10% of al negatives are recaled and examined by
ophthamologids.

6.13 Staffing and professional involvement
6.13.1 Managed clinical networks

Effective care involves partnerships between patients and dl hedlth care professonals who
contribute to diabetes carein alocdity.
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The Acute Services Review (Scottish Executive, 1997) saw the development of managed
clinical networks as the most important strategic issue for the acute services in NHSScotland.
The core principles that underpin network activity as outlined in MEL (1999) 10 are
particularly relevant today.

The Scottish Diabetes Framework (Scottish Diabetes Framework Working Group, 2001) will
facilitate service redesgn srategies that dlow MCN development at locd and regiond level.
Many Boards dready have the origins of effective clinica network activity with the creation

of multi-professional diabetes advisory groups with representation from both primary and
secondary care. The Framework aims to accel erate the development of collaborative diabetes
care agreements at Board level.

6.13.2 Organisation of staffing

The report on the Quaity Improvement Review of Cervica Screening Call-Recall
Arrangementsin Scotland by the Scottish Cervica Screening Programme review (March
2000) highlighted that the key components of that programme were highly dependent on a
amall number of individuas, who are often in low sdlary grades. Mgor review exercises have
detrimentd effects upon public perceptions but they aso are harrowing for individuas
working within or with these programmes. This can lead to long-term effects upon
recruitment and retention of individuas with key skills and expertise.

The setting up of a screening programme for diabetic retinopathy will therefore require
careful planning and substantial managerid effort. Recruitment and retention of staff and the
identification of support and training needs are key issues for dl the professond groups who
contribute to the screening programme.

The economic evauation makes clear recommendations about the typica saffing
requirements for the whole programfor avariety of screening models (section ?). However,
the types of gtaff involved to provide the care is flexible and requires a motivated, educated,
supported multidisciplinary team, with input from avariety of disciplines.

For theretinal photography, one staff member is found to be more cost effective than two
saff members. However, care must be taken to give practica and mord support to any
member of gaff working aone. Thisindividud must be digible to administer mydrigtic eye
drops under a Patient Group Direction (Appendix 8).

Examples of the staffing structure for the Bro Taf Service are presented in Appendix 11, with
accompanying job descriptions for the Screening Service Manager and the Retinopathy
Screening Coordinator presented in Appendix 12. Another sample job description for a
retina screener, as proposed by the British Diabetic Association (1997 b) is presented in
Appendix 13.

6.13.3 Training

Education and training of practice and community teams and secondary care teams should
include diabetes clinicd training, care pathways and procedurd training, motivationa
interviewing and counsdling skills, dinica information systems.

Separate issues arise for various professonds including:
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Screeners — ideally anationa template should be applied by accredited trainers localy
Graders

Those administering eye drops and dedling with patients (see disbenefits section)
Cdl/recdl, adminigtration — learn from existing population programmes such as
immunisation, Child Hedth Surveillance and cervicd screening

Monitoring and evaluation — need to consider who does this, how resourced and lines
for reporting and accountability, location such as NHS Board leve, regiond managed
clinica networks, role of CSBS.

6.13.4 Trainingfor retinal screeners

Initid and continuing training for the retind screener is of paramount importance. A
suggested programme for initid training is described in Appendix 14. Plansfor asystemic
training programme of retind screeners should include a nation-wide (Scotland) programme
for personnd undertaking:

retind photography

retina graders who will reliably identify sght threetening digbetic retinopathy.

Learning outcomes will include clinical and technicd skills, patient management and
confidentiaity, communication skills, quality assurance and audit and I'T technology. A
training programme has been suggested for Scotland (Ellingford, personal communication)
that includes an intensive residential course, followed by workshops and lectures. Continued
learning and support would be achieved through distance learning packages, facilitated
through aweb ste. Competencies would be assessed though afind written examination
which should be taken within the firgt year of training. Furthermore, accreditation will be
sought through the Roya College of Ophthamologidts.

In order for such atraining programme to succeed, it should preferably operate from an
academic base and be supported on a nation-wide basis. It is anticipated that this support will
be achieved through the setting up of anationd training 'steering group', which will look at

the training needs of each region and incorporate them accordingly.

The recently formed British Association of Retind Screeners (BARS) group will be expected
to strongly support any successful training programmes and will provide further workshops
and lectures and may even fadilitate the finad examination.

6.13.5 Optometrists involvement and training

Issues of training, accreditation, continuing gppraisal, externd links, quaity assurance and
establishment of standing operational procedures are essentiad for a nationd screening
programme. These are dl included in optometrist undergraduate training, which is
subsequently reinforced by a comprehensive Continuing Education and Training scheme and
system of modular higher qudifications, which can include diabetes.

The College of Optometrists emphasizes that training of screenersis an important eement in
the establishment of an efficient and effective optometry screening programme for digbetic
retinopathy. The form of the training programme will vary between locdlities and depend
upon the experience of those practitioners taking part in the scheme, but the College is
preparing clear guidance on training issues and the elements required for accreditation.
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The second draft of this guidance, as available at July 2001, is presented in Appendix 15. It
amsto provide education about epidemiology, natura history and signs of diabetic eye
disease, and to indicate clearly those patients who should be referred. This programmeis
thorough and should create consstency across practices, but it will be important to clearly
Specify the minimum number of patients that an optometrist must screen to maintain
competence.

The following features can aso be stated about optometrist practices.
- conveniently located in most local communities, even in rurd aress
open at times to suit patients and offer individua gopointment times at times to suit
patients
nearly dl have dit lamps
increesing numbers are investing in digital cameras
most operate comprehensive computer based recall systems
optometrists can advise patients of the outcome of screening a once and can recognise
and rectify screening failures at once if using digitd cameras
most people with diabetes have to attend an optometrist for refraction, so usng an
optometrist avoids duplication of vigits by patients
optometrist feesinclude al overheads.

6.13.6 GP involvement in retinal screening invitations

Unlike other screening programmes, individuas for diabetic retinopathy screening will not be
al those of acertain sex and over acertain age. Cooperation of GPs, within the nationa
quality assurance programme, will be essentia to populate a diabetes register and screening
database.

Various modds for GP involvement in breast and cervical screening programmes are
available within Scotland. Models could be built on the following basis

Initid vidt to the practice by screening coordinator, explaining the services and the
options for GP practice participation.

Individuas practices prepare an individudised pro-formaletter (based on a nationa
template), advising a patient that they will shortly be caled for screening and
encouraging them to attend.

A list is sent to the practice giving the names of the patients which the screening
sarvice thinks need to be caled for screening. The practice 'cleans thisligt, indicating
patients who should not be called (e.g. due to death, termind illness, loss of Sght etc)
and this may be cross checked by another party.

The screening service merges the cleaned list with the pre-prepared |etter pro-forma
and produces the individualised letters of encouragement for the practice's population.
These |etters are sent to the practices, signed by the GP, and posted by the practice.
Shortly afterwards the screening service sends out to patients their gppointments for
screening, using the information fromthe cleaned lis.

As noted in the patient issues section, timely notification of screening results (section 7.3.6) to
the GP and then to the patient is essentid to avoid unnecessary anxiety.
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6.14 Audit

The NSC report (UK NSC, 2000) presents proposed quality standards for a diabetic
retinopathy screening programme, as shown in Table 6-4.

Table 6-4 Quality standardsfor diabetic retinopathy screening (UKNSC, 2000)
Objective Criteria Minimal Achievable
standard standard
1 To reduce new blindness Annual blind registration, 10% reduction | 40% reduction
dueto diabetic retinopathy compared to 1990/1 rate of within 5yr. within 5yr.
9.5 per million per yr.
2 Toidentify and invite all Completeness of database
eligible persons with known 1. Proportion of GPs
diabetesto attend for the DR participating 0% 95%
screening test 2. % of populationin
register 15% 1.8%
3 To ensure databaseis Accuracy of database of 95% 9%B%
accurate persons age 12 or more, as
determined by Post Office
returns
4 | To maximise the number of Percentage of eligible persons
invited persons accepting accepting the test
the test 1. Prevalent screen 70% 0%
2. Incident screen 80% 95%
5 To ensure photographsare | Percentage ungradeable 5% 3%
of adequate quality (Levd U)
6 Toensuregrading is Intra-grader agreement 0% 95%
accurate I nter-grader agreement 9% 95%
Uncertain grading (Level Q) 10% 5%
7 To ensuretimely Time before notification of
consultation for all screen- positive test to consultation:
positive patients Level 2 Maculopathy 70%<26wks 95%<26wks
Level 3Mod NPDR 70%<13wks 95%<13wks
Leve 4 PDR 70%<2wks 95%0<2wks
8 | Toensuretimely treatment Time between listing and laser
of those listed by 1. Proliferative DR 70%<2wks 95%<2wks
ophthalmologist 2.  Maculopathy 70%<13wks 95%<13wks
9 | ToensureGPisinformed of | Time before notification 70%<3wks 95%<3wks
negative tests
10 | To monitor adverse effects | Adverseincident reporting <0.1% <0.1%
of the programme (sight or life threatening)
11 | To monitor adverse effects | Adverseincidentsfrom <0.1% <0.1%
of treatment FFA/laser (sight or life
threatening)
12 | Tofollow up screen-positive | DNA rate for ophthalmologist
patients For PDR within 1 month 10% 5%
For maculopathy within 9
months 10% 5%
13 | To minimise the anxiety Monitor false positive rate of 5% %
associated with screening DR test
14 | Toensuretimely Time to rescreening compared | 70% within 6 95% within 6
rescreening to suggested screening weeks of 1 weeks of 1
interval year interval year interval

15 | To ensurethe public and

health care professionals are
informed at regular intervals

Production of annual report
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Coordination of data collection to monitor performance and obtain audit data to enhance and
improve the screening will be essentid. These objectives and criteria gppear to be a sound
basis on which to build an audit system for the Scottish programme and a number of items
will be eeslly fulfilled within newly defined diabetes reporting structures. However, it is
recognised that some modifications will be required for the Scottish programme.

Other schemes of amilar detail arein placein Scotland (e.g. in Grampian) and areas that may
need enhancement in the NSC scheme have been identified, such as qudity assurance of
capture image equipment (cameras, reporting software and monitors should be properly
maintained and tested to demondtrate their ability to resolve an image of atest object).

An important issue raised by patientsin section 7.3.6.1 isthat they should be quickly
informed in writing of the screening outcome, whether it is positive or negetive.
Consequently a quality assurance objective should be set for the Scottish progranmeto
monitor performance on thisissue.

6.15 Conclusions concerning or ganisational issues

Non mydriatic digita cameras should be used.

New purchases of image capture devices should meet the 1365x1000 pixel standard,
and should support image transfer to the PC by a direct digital route.

If mobile units are to be used, specid consideration should be given to the fit out of
the vans, taking account of exigting learning from the use of eye screening vans within
the UK.

For the Scottish screening programme in diabetic retinopathy SHS should be involved
in the equipping of this nationa screening programme, wherever possible.

All people with type 2 diabetes, who are cgpable of recelving laser trestment, should
be screened from diagnosis. For people with type 1 diagnosis, it is recommended that
screening start at age 12 or at onset of puberty, or 3 years after diagnosisif diagnosis
is after puberty.

Annud screening should be used, unless more frequent screening isclinically
indicated.

The CRAG dataset should be used for grading with modifications for one image.
Digitd photography is the screening method of choice, initidly without mydrias's, if
the image isinsufficient, mydriasis may then be used.

Images should be graded at capture resolution.

Screening fallures will be referred for dit lamp examination.

Cdl-recdl will be based a Board leve initidly with links to the regiond diabetes
cinica information system. Software development will bein kegping with the
Scottish Diabetes Computing System Strategy (SCI-DC).

Devedopment of IT sysemswill facilitate centraised cdl-recdl in the longer term.
Wide ranging professond involvement in the national screening programme will be
essentid, dong with appropriate professond training and support, as necessary.

A nationd qudity assurance scheme should be used (thiswill be developed during
open consultation).
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7 PATIENT ISSUES

Condusions

In common with al aspects of diabetes, patients must be empowered to help manage
their disease; this requires support and collaboration from clinica and patient
organisations.

Diabstic retinopathy screening must be coordinated with other diabetes screening
vigts

Patients must be informed of the need for diabetic retinopathy screening and the
process involved.

Patients should be informed of the possible need for mydriasis (pupil dilation) and its
effects before attending the screening vist. It should be clearly explained that there
will be an increased senstivity to light and thet driving is not recommended for a
least 2 hours after mydriass.

Studies show that use of more than two written reminders has little impact on
attendance rates.

Use of avariety of educationa approaches (written, video, pogters, teevison, World
Wide Web, persona contact) is worthwhile and must be targeted to suit specific
audiences.

Patient preferences should be dicited regarding the provison of screening.

Results of screening should be communicated to patients and GPs in atimely manner.

7.1 Background

The consderation of patient issuesis key to any Hedth Technology Assessment and fitswith
Scottish aims to creete a patient- centred National Health Service.

For any screening programme, success depends upon continued consistently high levels of
uptake, thus patient satisfaction with the scheme, their preferences and willingnessto return
for screening are of vitd importance. Key issues to be considered include delivery of the
sarvice, patient information and educetion.

Other screening programmes involve a clearly defined group of otherwise hedlthy people, e.g.
of acertain sex and agerange. For diabetic retinopathy, the screening population is much
broader, covering patients from their teens through to old age, of either sex and with the
possibility of other related hedth problems. People with diabetes are expected to follow
dietary congtraints and may be on medication to help control the diabetes or its associated
complicaions. They will dso be expected to attend for a variety of annual screening visits
and so coordination with hedthcare initiaives is particularly important.

7.2 Methodsfor Evaluation of Patient | ssues

The quditative questions relaing to patient issues have not been reviewed systematicdly, but
have been investigated usng a variety of grey literature and published sources, including the
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patient group summary from the NSC report (UK NSC, 2000), educational materials from
Diabetes UK, surveys of patient attitudes to NHSScotland breast screening programme
(SHPIC, 1997), an HTA about diabetes education (Corabian and Horgtdl, 2001) and various
published papers about recruitment strategies for diabetic retinopathy screening from other
countries.

A Cochrane review of interventions for improving coverage of screening schemes for digbetic
retinopathy (Grimshaew G et d., 2001) is underway and will provide important information for
consderation at the end of 2001.

Before the nationa screening programmeis finalised, further research on patient preferences
will be undertaken by HTBS using patient focus groups, during the consultation period.

7.3 Results
7.3.1 Patient Education and Empowerment for People with Diabetes

The Expert Patient Report (Department of Health, 2001) recognises that people who live with
chronic medica conditions are often in the best position to know what they need to manage
their own condition. However, support is needed and the collaboration of patient and clinical
organisationsis crucid to develop effective sdf-management initiatives.

Education about diabetes, its complications and control is essentid. Education and
information should be provided in a manner that is relevant and gppropriate to the needs of
patients (e.g. consdering age, language and culture). Education is not sufficient to creste
change. Methods should be used which consider psychologica and motivational aspectsto
create behavioura change. Patient empowerment is essentid and people with diabetes need
to be supported and encouraged to take an active involvement in their own hedlth care.

A recent Hedlth Technology Assessment on Patient Diabetes Educeation in the Management of
Adult Type 2 Diabetes (Corabian and Harstall, 2001) found that in the last decade there has
been amove for formal patient diabetes education to focus on patient-centred perspectives,
sdf-efficacy, sdf-management and empowerment issues. However, quantitative research on
the value of formd patient diabetes education is limited and studies are generaly of poor
quality, with no evidence about long-term diabetes control outcomes. Further investigations
are needed to determine what methods are most effective and which category of patients
would benefit most from these educationd interventions.

In Scotland, liaison should take place with the Health Education Board for Scotland to
facilitate educationa activities and encourage attendance at screening visits.

7.3.2 Communicating the Risks of Diabetic Retinopathy and the Benefits of Screening
The complications of diabetes must be explained sengtively to patients taking account of the
patient’s Stuation. Patients should not be overloaded with information at their first diagnoss

and the fear of patients should be recognised.

The patient group report of the UK NSC report (2000) states that:

‘ Although some people with diabetes are paragons of self discipline, most of usare
human and have failings, like forgetting appointments. Others may be unable to face
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up to the gravity of possible complications and stick their heads in the sand. Some
will be frightened of blindness, frightened of doctors, frightened of treatment and
doubtful about its efficacy. Irrationd fear and false beliefs about hedth are difficult to
tackle but should present amegty chalenge to any hedth professond! The point we
are making is that the continuing application of support and encouragement is
essentia

Diabetes UK produces awide variety of educational materia about diabetes. Genera
educational materia includes information about the diabetic retinopathy and the importance
of annua screening. They aso produce a specific booklet entitled Diabetes and your eyes
(British Diabetic Association, 1997). Thiswill be updated during Autumn 2001.

Y oung people have specid needs and Diabetes UK produce excellent generd diabetes
educationa books targeted at children, with a separate one for teenagers. Carers of children
with diabetes are in particular need of support and knowledge.

With teenagers, it must be recognised that a non-critical gpproach, which will permit open
discussion of, issues such as drug and acohol interactions are particularly important. There
may aso be arole for peer education in this group.

Many barriers including language, cultura beliefs and attitudes, and length of resdency ina
country hinder the provision of health care. Recruitment for breast and cervica screening
programmes in Austrdia has shown cons stently lower participation rates for groups from
culturaly diverse backgrounds (Lee et d., 2000). Also, it must be recognised that it may be
difficult to encourage the homeless, those living in indtitutions, people with menta health
problems or learning difficulties to attend screening and methods for particular involvement
of these patients should be considered.

Basch et d., (1999) recognised that certain groups may be less likely to atend screening vists
and that focussng on high-risk subgroups is agood strategy for improving overal attendance
rates. Consequently they performed arandomised study eva uating the effect of education in
African Americansin 1993-1995. The outcome was attendance for adigita retina
examinaion (with mydriass) within 6 months of randomisation. The study included 280
people with diabetes from 5 medicd dinicsin New Y ork who had not recelved aretind
examination within the previous 14 months and were not blind or had advanced eye disease in
both eyes. Each clinic provided patient education services and printed diabetes patient
education materiads, and three of the clinics had certified diabetes educators. Randomisation
was dratified by clinic and sex. The control group received the routine medical education
provided by their clinic. Theintervention group received, in addition, a 3 component
educationa program: alow literacy, 9-page colour booklet, amotivationa video and semi
structured telephone education and counselling. The booklet and video were posted at
randomisation. The telephone component was initiated gpproximately 1 week after
randomisation. The health educator worked to identify reasons for and/or barriersto having a
dilated retinad examination. Focussed problem solving then guided the subject to make an
informed choice about receiving the screening examination. Follow up calls were made and
individualy tailored mailings of tip sheets provided practica strategesfor overcoming

specific barriers. The median number of cals made was 4 and the median time spent per
patient was 53 minutes. When a patient attended for screening a congratulatory letter was
sent and they were encouraged to go for an examination annudly. After 6 months the control
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group were sent the intervention booklet dong with a cover letter urging them to atend a
digita retind examination if they had not attended one in the previous 12 months.

In this study, 273 of the 280 (98%) patients were followed to the 6 month outcome. The
mean age was 55 years and approximately 70% were unemployed. The intervention was
completed by 130 of the 137 patients in the intervention group (95%). The most common
reason for not scheduling or keeping a screening appointment was an acute hedth problem.
Other reasons included family problems, lack of time and inclement westher.

Within the 6 month period, 55% of patients in the intervention group had attended digital
retina examination compared to 27% in the control group. A stepwise logistic modd was
fitted evaluaing severa possible predictors including sex and clinic. The odds retio for
examination status associated with receiving the intervention was 4.3, with 95% Cl (2.4, 7.8).
This highly Sgnificant result indicates that a patient-targeted educationd intervention can
subgtantialy increase rates of diabetic retinopathy screening in African Americans. The
authors note that this intervention may have significance for awider population and the
relative costs and effectiveness associated with each component of the intervention should be
Sudied in awider clinical sting.

7.3.3 Patient Information Leaflets

A range of communication toolswill be required to provide information about the nationa
screening programme. These will need to be tailored to avariety of target audiences. They
should be pre-tested in representative samples of patient groups and integrated with
established and trusted communication channels.

One common form of communication is a patient information leaflet. Such leeflets should be
drafted for the national scheme, with local modification as required and used in conjunction
with other promotiona materids. Circulation of the leaflets could include public libraries,
hedlth promotion units, family planning dinics, and pharmacies. They may be made available
for passve collection or used by hedlth professonas as atool to aid discussons with patients.
For the more generd areas, a genera |esflet about diabetes would probably be sufficient, with
specific diabetic retinopathy screening legflets available on request.

A sdection of patient information leaflets to inform about diabetic retinopathy screening
sarvicesis presented in Appendix 16. These are specific to loca schemes and would need to
be adopted for the Scottish nationa scheme, with sufficient space to permit inclusion of loca
information about the screening scheme.

For the national screening programme, key issuesto present in aledflet are:
- Theimportance of screening - the benefits and limitations

The reasons that these screening tests are different from standard eye examinations
The possible trestment modalities
The need for eye drops and affects that may be experienced (see section 77?)
If retinopathy is detected, the trestments possible and expected outcomes
Channelsfor further help and support
Data Protection rights and Confidentidity controls to ensure individud privacy while
obtaining public interest benefits. (The importance of quality assurance and dlinical
audit which needs record linkage of individua records prior to anonymisation.)
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In the case of diabetic retinopathy, provison of materid for the partidly sighted, in large,
clear print in line with RNIB guidance, is particularly important. Furthermore, asthe
prevaence of diabetes, is between 3 and 4 times higher in communities of Asan and Africant
Caribbean origin than in those of white origin (Scottish Diabetes Framework Working Group,
2001) patient information lesflets should be available in rlevant languages. Diabetes UK
issues documents for the Chinese and for South Asian people in Urdu, Gujarati, Bengdi,
Hindi and Punjabi. Gadlic, Urdu and Punjabi texts will be particularly rdevant for Scotland.

7.3.4 Other Methods to | mprove Screening Attendance

Advertisng campaigns can be used to improve education and encourage screening visit
attendance. In 1998, Grester Glasgow NHS Board (GGHB, 1998) ran an advertisng
campaign over an 8 week period to promote their breast screening service. During this
period, 506 women completed questionnaires about the service and advertisng campaign.
Forty three percent of the women were aware of the advertisng campaign and 86% fdlt that
breast screening should be advertised more. They found the campaign images and messages
reassuring, supportive and credible, and fdt that advertising could be used to raise awareness
of the service, make women more conscious of the benefits of screening and change public
perceptions of the screening process. In 2000, it was recommended that the Scottish breast
screening service should adopt standard branding on al stationary and publications and that
invitation letters should be made clearer and shorter to make them more user friendly.
Learning from their experience will be important when the nationa diabetic retinopathy
screening programme is established.

The potentia of web-based technology has been discussad in section 6.7 and thisindudes
important possibilities for patient education and interaction. All information should be
presented in formats that are internationaly recognised as suitable for the visudly impaired
(BOBBY compliant). For mohile screening units, the ability to provide accurate information
about the location and timing of mobile screening sessions over the World Wide Web will be
particularly vauable.

Legorretaet d. (1997) studied the effect of a‘reminder’ intervention for adiabetic
retinopathy screening programme in Cdifornia, USA, in 1995, comparing atendance to that
inthe previous 2 years. The study identified 19,397 people with diabetes aged 18 years or
older who were sent educationd materias and areport of their current diabetic retinopathy
datus. 1n 1995, 26% of patients received a diabetic retinopathy examination, thiswas
ggnificantly higher than the previous two years (gpproximately 20% in each of the previous
two years). Thisresult is somewhat difficult to interpret given the low overdl rate of those
attending for screening and the non-randomised design.

Prelaet d. (2000) performed a study in Montana, USA on 6546 Medicare beneficiaries with
diabetes. A reminder letter was sent to arandom sdlection of two thirds of these patients to
attend diabetic retinopathy screening a the beginning of 1996. The median age of patients
was greater than 75 yearsold. Three months after the letters were issued there was a
sgnificant increase in the percentage of patients attending screening in the group that received
the reminder letter (19.4% vs. 17.2%), but at 6 months this benefit was logt, with 32.9% of
those receiving the letter attending screening compared to 32.4% of those who hadn't
received aletter. Thisrandomised study did not demonstrate the benefit of areminder letter
in this predominantly ederly population, in which the overadl screening rate was again very
low.
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This short lived effect of mailed patient reminders has aso been demondtrated in other Sudies
(Brooks et a., 1996). Halbert et a. (1999) performed a randomised study of 23,740 people
with diabetes during 1996-1997 in Cdifornia, USA. They sdected a population of people
with diabetes who had no record of adigitd retind examination. Peatients were randomised to
asngle intervention or multiple intervention group. All patients then received the first
communication, which included educationad materids and areport of their previous diabetic
retina examination. The multiple intervention group then recelved additional remindersat 3,

6 and 9 months. The median age of patients was in the range 56-64 years. The results
showed that after the first communication asimilar percentage of patients attended for
screening. After the second reminder was sent to those in the multiple intervention group a
higher percentage attending screening in this group, but the effect was small. For the third

and fourth reminders, no differences between the single and multiple interventions could be
demongtrated. At the end of the study 35.4% of patients in the single intervention group had
attended screening, compared to 37% in the multiple intervention group. This difference was
datidicaly sgnificant, but it isavery smdl difference dlinicdly, and the cost effectiveness of
issuing multiple reminders beyond the second reminder is questioned. Consequently, the
authors state that it may be more appropriate to direct resources into other avenues of
improving screening rates, such as telephone follow up and increased involvement of

physicians.

Livingston et d. (1998), report the outcome of focus groups involving health professonds
and people with digbetes (21/50) in Augtrdia. Five groups of 10 members were established.
They emphasized the benefit of local networks to promote the benefits of early detection and
loca screening programmes, the need for GPs to distribute educational materid to patients
and the importance of reminders. Asaresult of these focus groups, Lee et a., 2000
performed a pilot sudy to identify strategies to encourage people with diabetesto attend a
community based non-mydrigtic diabetic retinopathy screening programme in Audtrdia
Screening occurred at alocal venue, with alocal number to cal for day or evening
gppointments and transportation was provided. Two urban and two rura sites were studied.
In the rurd aress, the camera was portable permitting wide geographic coverage with seven
towns visted in each area over four and five week periods. In the urban aress the screening
took place over two and three week periods. In order to complement existing screening
sarvices, the 45% of the population with digbetes who did not have their eyes examined
regularly were targeted to attend screening.

In this study, promotion for each site started 3 months prior to screening. In dl stes, the GP
was sent aletter of introduction and brochures, and asked to people with digbetes into the
programme. Thiswas followed up with a persona vist from amember of the programme
gaff. Articles were published in loca and nationa newspapers before and during screening.
The recruitment strategies were modified with experience at each dte. The targeted
recruitment strategies are presented in Table 7-1.
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Table7-1 Recruitment strategies used for diabetic retinopathy screening (Lee et al.,

2000)
Rural 1 Rural 2 Urban 1 Urban 2

Community Networks?! + + + +
Vidtstoal GPs + + + +
Flier +
Print media + + + +
Brochure + + +
Postal distribution of brochure to people with + + +
diabetes®
Broadcast media + + +
Translation of brochures + +
Presentations to community leaders +
Recruitment of ethnic groups via migrant + +
resource centres
Ethnic print and broadcast media + +
Poster + +
Presentations to senior citizen and culturally +
diverse background groups with interpreters
Recruitment of ethnic groups via bilingual +
support workers
‘Block’ appointments at screening centre for +
groups from culturally diverse backgrounds with
interpreter

* GPs, pharmacists, Diabetes Australia, Lions Clubs, church groups, senior citizens club, Rotary, diabetes

clinics and educators
a Lists obtained from GPs, diabetes clinics, Veterans Affairs, and the National Diabetes Supply Scheme

A tota of 1197 people with diabetes were examined at the screening Sites. This represented
15% of people with diabetes (compared with the 45% targeted). In the rurd communities,
91% were English spesking, compared to only 52% in urban communities. Inrurd
communities 21% had never been checked for retinopathy compared to 30% in urban
communities. This screening programme was able to screen an additiond proportion of the
diabetic population, increasing attendance at screening from 55% to 70%.

During the course of screening, participants mentioned that they had seen the programme
promoted often three or four times before they scheduled an appointment. This supports the
marketing srategy cdl the Three Hit Theory seeing an advertisement three times marks the
darting point of the advertisement’s effectiveness. A heavy influx of cdlsto book screening
appointments was noted directly after the mail-out a each Ste. Thus the importance of this
form of invitation and the need for good regidtries is noted.

Although the sudy of Lee et d. (2000) is not randomised, it presents an interesting variety of
methods for encouraging screening attendance (see Table 7-1). Evauation of the clinical and
cost effectiveness of these in the Scottish nationa screening programme would be
worthwhile,

7.3.5 Professional Educational I nitiatives

A variety of professonaswill beinvolved in provision of care to people with diabetes. A
sengitive gpproach is required by al professonds to increase patient awareness and
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understanding, encourage patient self-management and ongoing commitment to screening and
other hedthcare initiatives.

Unlike other screening programmes that screen otherwise hedlthy patients, people with
diabetes are more likely to discuss hedth management issues with their local pharmaci<t.
Hence pharmacists have an important role to play in patient education. This has been
recognised by the Roya Pharmaceutical Society of Greet Britain in their report: Practicd
Guidance for Community Pharmacists on the Care of People with Diabetes (RPSGB, 2001).
The RPSGB report notes that education does not necessarily lead to improvement. A
pharmacist may provide additional mativationa support, which with education, leads to
behavioura change and improvemen.

The RPSGB report notes that diabetes education is often poor in the elderly Type 2,
particularly those who live in resdentid and nursng homes (where between 7 and 10% have
diabetes) and so pharmacist involvement in such communities may be particularly beneficid.
The report provides specific guidance on educeation about complications, however the current
information about screening for diabetic retinopathy is unclear and could be updated in line
with thisHTBS Assessment. It isimportant to assst pharmacists in their interactions with
diabetic patients and specia |eaflets may be gppropriate for pharmacist distribution. Also,
loca pharmacists should be informed when amobile unit isin the area, to encourage
attendance of diabetic patients.

The Nationad Pharmaceutical Association is drafting a report, which highlights that
community pharmacists see people with diabetes up to five times more than any other hedth
care provider (RPSGB, 2001). The NPA report promotes the role of the community
pharmacist in providing appropriate individua hedlth promation messages and educetion for
people with diabetes. HTBS will work with the NPA to ensure that their educationd materid
takes account of thisHTA.

The College of Optometrists places great emphasis on the role of optometristsin patient
education and care in relation to diabetic retinopathy screening (as discussed in section
6.13.5). Thisserviceisvaued by patients and should be utilised in the Scottish nationd
Screening programme.

A multi-professiond group including doctors, pharmacists, nurses, dieticians and podiatrists
has been brought together by the National Board for Nursaing, Midwifery and Hedlth Visting
for Scotland. The group remit isto identify core competencies for abroad range of hedlth
care professonals working in diabetesin each of their professons.

7.3.6 Patient Views

7.3.6.1 NSC Patient Expert Group

Three people with digbetes were involved in the NSC expert pand on diabetic retinopathy
screening. They vidted six different digbetic retinopathy screening programmes (Nationa
Screening Committee, 2000). Following these vidits, their recommendations were:

1. Screening should take place in an environment that is easily accessible and friendly to
the patient.

68



Assessment Report 3: Draft for Consultation

In the programme that used mydriatic digital photography in a van, the limited
clearance (six feet) and lack of wheelchair access was noted. One of the major
concerns of the three people with diabetes were that patients were not always
informed directly of results, or that GPs were not routinely informed of results within
a reasonable timeframe. The ethos that ‘ no news is good news' is not acceptable.

2. Pdient information should bein large print. 1t shoud discuss treatment, the facts that
proliferative retinopathy is symptomless and ensure clear ingtructions are given for
gppointments and locations. The use of other media (local radio, audio and video
tapes) should be considered.

The importance of explaining that effective treatment, which could be given asan
outpatient, is available should be explained.

3. Patient education is vitd in order to ensure reponsible saf-care. Patients should be
given information and alowed to make their own choices. Continuing professond
support and encouragement are essentid.

The NSC expert pand dso summarised avisit to test the Panoramic200 non mydriatic laser
scanning ophthamoscope. The benefits of the laser scanning ophthamaoscope in capturing an
image of the whole retinaiin a patient friendly manner without the need for mydriass were
clearly understood by the group. They aso noted that with afive minute per patient
turnaround time this method had the highest throughput of any system they considered.

Unfortunately, limited scientific evidence is currently available about the accuracy of the laser
scanning ophthal moscope for diabetic retinopathy screening. However, new studies are
underway comparing it with sandard screening techniques in a diabetic clinic, which will
elicit patient preferences and provide information regarding turnaround time, accuracy and
falure rates. Thisinformation should be evaluated as it emerges.

7.3.6.2 Breast Screening Survey

The Scottish Breast Screening programme has undertaken a survey of patient preferencesin
relation to the provision of amobile screening unit in South East Scotland (Fraser, 2000).
Invitations were sent out to 469 women who had not responded to an earlier invitation to
attend a hospital screening vist. They were invited to attend a mobile unit and 109 women
returned questionnaires about the service.

The main reasons for not attending the hospital unit screening vist were

Centre too difficult to get to 49%

Nervous/anxious about having a breast x-ray 27%.
Main reasons for attending the mobile screening vist were

Mobile screening in local areaeasier to get to 74%

Doctor’ s letter stressed importance 43%

Friends/family encouragement 25%.

Very likely to attend next screening appointment
At mobile unit 84%
At hospita unit 25%.
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7.3.6.3 Mydriasis

Patients find the lower flash intengity of the digita camera more comfortable than Polaroid
cameras (Taylor et d., 1999). However, the study of patient preferences (Klein, 1992) shows
that some patients are distressed by the indtillation of eye drops and would not return for
screening. Asthe benefit of mydriasis (and thus the need for eye drops) is questionable, the
proposa of dlowing a patient to have a non-mydridic retind examination, thenamydriatic
retind examination if atechnica failure occurred, is likdly to improve screening attendance.
Asatechnicd failure cannot be predicted, the implications of using eye drops should be

clearly communicated in advance to dl patients (see section 5.3.6.1 of report).

7.3.6.4 Research

Research should be undertaken to establish patient preferences for diabetic retinopathy
screening in Scotland congdering issues such as:
- Location of screening (including travel time)
Choice and convenience of gppointment time
Whether screening outcome is reported at the time of the vigt
Opportunities for advice from professiona
Factors that encourage and discourage attendance.

7.4 Conclusons

Patient empowerment is needed for al people with diabetes. An understanding of the
different needs of the wide range of people who have diabetes (young, old, culturdly diverse,
etc) isessentid and avariety of educational materids should be made available. For diabetic
retinopathy screening, the fear of going blind must be recognised and handled sengtively.
The benefits of attending regular screening visits and the procedures involved need to be
explained. The technologies and techniques used in the screening programme should be
described and those technologies that are till under study for diabetic retinopathy screening
(e.g. the Panoramic200 ophthalmoscope) should be identified. The possible need for eye
drops and trangient effects on vision should be communicated prior to the screening vist
indicating that driving is not recommended for at least 2 hours after mydriasis.

Peatient education is essentid and innovative mativationd initiatives should be congdered to
encourage attendance at screening because it is recognised that standard educationd
gpproached do not aways engage motivations or promote cognitive regppraisd (i.e. cregte
sufficient motivation to attend screening).

The research into the effectiveness of patient reminders suggests that more than 2 remindersis
not effective and awide range of methods may be needed to encourage attendance of
defaulters including written reminders, advertisng campaigns, use of educators and loca
community groups. This supports theories of learning, which imply thet iterative
communication processes can achieve the cognitive and behaviourd learning required for
change (awareness of problem and understanding of how it can be handled). The value of
consultation with facilitators (counsdllors) may be particularly vauable to alow discussion

and clarification of sengtive issues that may be creating barriers to screening attendance.
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Petients have identified that they and their tresting physicians must be informed of results
within areasonable timeframe. Thisis an important step to reduce patient anxiety and
production of written results should be integrated as an objective into the quality assurance
program (section 6.14).
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8 ECONOMIC EVALUATION

Condusions

With digitd retind cameras, non-mydriatic screening codts less then mydriatic
screening.

For efficiency, no more than ten regiond screening offices are required in Scotland.

From a costing perspective, the use of one staff member is more efficient than two
Seff.

Key driversin the economic eva uation are patient turnaround time and for mobile
units, average distance travelled per day.

Exploratory cost effectiveness analyses show that when a nationa non-mydriatic
screening programme is compared to the current pattern of opportunistic screening in
Scotland, cost savings are achieved.

8.1 Search strategy

For the economic evaluation of diabetic retinopathy screening, a scoping search was
undertaken to gauge the quantity and qudity of the existing literature, with particular atention
being paid to finding sudies by other HTA organisations, systematic reviews and research in
progress. Following this, awide range of databases (see Appendix 5) and web steswere
seected to carry out afull literature review. Three databases (NHS and Econlit) were chosen
specificaly for economics information, and the web Sites searched included those of the
world's mgjor health economics research units. Efforts were made to capture unpublished
data by searching databases such as SIGLE and Dissertation Abstracts and by scanning
appropriate web stes. No date limitswere imposed. All databases were searched from their
darting date until the latest materid available, during July 2001. The only redtriction put on
the search was that, due to time and cost considerations, foreign language documents were
excluded. Indl cases however, where the search strategy did retrieve foreign language
documents, an English language abstract was available and this was scanned for important
information.

The topic was Salit into three concepts namely:  diabetic eye disease; screening; cost-
effectiveness. A search for dl the probable synonyms for each concept was carried out, and
then the results from each concept were added together. Searches were performed using the
available subject headings (e.g. MeSH, EMTREE etc.) and free text terms.

Thefull list of sources searched and a copy of the Medline search Srategy are givenin
Appendix 5. The Medline strategy was adapted to search the other databases. A complete
listing of al the search Strategies can be obtained by contacting HTBS. Also contained within
Appendix 5 isaflowchart showing the number of sudiesidentified then included in each
stage of the review process.
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8.2 DataExtraction

The key studies used in the economic evaduation are summarised in Appendix 17.
8.3 Methodology
8.3.1 Objectives

Severd screening moddlities could be envisaged in the nationa screening programme using
combinations of the various screening components (optical device, use of mydrias's, mode of
provision and professond resources). Clinica effectiveness results and organisationd issues
have resulted in the recommendation to use retina cameras, but the efficiency associated with
other components, when used in combination, needs to be assessed. Thiswill be evduated in
amulti-stage economic analysis and should help NHS Boards to determine which method (or

combination of methods) is suitable for their region, taking account of their own unique
regiond issUes.

The objectives of the economic evauation are to:
- Cdculate the cogt of imaging and grading per patient for avariety of diabetic

retinopathy screening modalities.
Perform exploratory analyses of patient benefits (and cost per QALY in moving from
the current Scottish system of opportunistic screening to anationd programme, for a
mydriatic model and a non mydriatic mode.
Cdculate the overdl cost (budget impact) of establishing and sustaining a nationa
screening programme, taking account of the costs associated with national
coordingtion facilities.

8.3.2 Basisfor Economic evaluation

Dueto the need for avery high leve of accuracy and the necessity for arobust quality
assurance scheme within anationa screening programme, the digita retind camerais
recommended as the optimum device for screening.  Furthermore, asreported in the clinical
effectiveness section, there is currently little evidence that the sengitivities and specificities
achieved with aretind camera differ with or without mydriasis. While the uncertainty
surrounding these estimates differs for referable or Sght threatening retinopathy, greater
harmony is shown between them for any retinopathy (Appendix 7). As patients will be treated
in the same manner within the nationd screening programme once referable retinopathy is
detected, screening accuracy is a surrogate for patient benefit.

The economic evauation is undertaken with the assumption that the accuracy of screening
(patient benefit) is smilar for non-mydriatic photography and mydriatic photography. Itis
recognised that the greater uncertainty around the centra estimates of sengtivities and
specificities for non mydriatic photography (see 95% confidence intervasin Appendix 7) is
likely to lead to grester uncertainty around the cost effectiveness of non mydrietic
photography compared to that for mydriatic photography (Briggs and O’ Brien, 2001).

To dlow for technica failures within digital screening, amixture of services (induding
indirect ophthamoscopy) will be required to achieve acceptable coverage and patient
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compliance. There are many ways in which such a screening service based mainly upon
digital cameras can be provided.

The screening moddities considered in the Assessment Report are:

Mydnal
Mobile mydriatic, two field per eye operated by a single photographer within GP

premises

Mobile mydriatic, two field per eye operated by a single photographer within van
Mobile mydriatic, two field per eye operated by a photographer and nurse
Hospital based mydriatic, two field per eye operated by a single photographer
Hospital based mydriatic, two field per eye operated by a photographer and nurse
Hospita based examination by dit lamp for those not amenable to photography
Grading of mydriatic, two fidd per eye including qudity assurance.

Non-mydrigtic
Mobile nor+mydriatic, Sngle field per eye operated by a single photographer within
van
Hospital based nor+mydriatic, sngle field per eye operated by a single photographer
Grading of nontmydriatic, snglefied per eye including quaity assurance.

The base case assumptions associated with these modalities are presented in Appendix 18.

The main economic analys's seeks to identify the least cost mode of aforma screening
programme, taking account of these examples of service provison from acrossthe UK. This
is compared to the cost of an opportunistic screening programme, which is the current
standard in Scotland, within an exploratory cost effectiveness andysis to derive the net
economic cogt of establishing aforma screening programme.

The breakdown and percentage coverage of opportunistic screening is taken from the Inter-
College Audit as reported by the NSC (Grimshaw et a., 1999). The unit cost of opportunistic
screening by GPs is taken as the average of the best and worst case estimates reported in
James & Turner (1997) and adjusted to 2001 prices, though the moveto aforma screening
programmeis unlikely to result in financia savings from this source.

Thelikely least cogt options identified in the main economic andys's can be combined with
the following to give the budgetary impact:

National coordinationwithin the CSA

Screening office establishment and operation

Referras for assessment by ophthalmologists, both true and false positives

Laser treatment episodes.

While implementation will soread initia costs over anumber of years, it is difficult to project
exact implementation timetables. Consequently, the gross and net costs (budgetary andyss)
of establishing anational screening programme are presented for asingle year, together with
an edimate of annud recurrent costs and an estimate of annualised capital and recurrent.
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8.3.3 Cost measurement

Within the forma screening programme, capita costs are presented as annualised figures for
the cogt effectiveness andys's and summed with recurrent cogts. For the budgetary andysis
lump sum investments and recurrent cogts are presented aongside annualised figures.

The cost of opportunistic screening by optometrists using dit lamps varies across NHS
Boards. According to the HTBS basdline survey, optometrist fees range from £5to £25in
Scotland, with median of £25. The basisfor the fee differs across Scotland, with some
covering the entire eye examination and others for screening aone, with the remainder of the
examination paid for by the General Ophthamic Service (GOS).

An unpublished survey shows that fees paid to optometrists for diabetic retinopathy screening
in 1998 vary across the UK from £10 to gpproximately £40, with amean of £26. Thisis
consstent with Scottish data. However, these optometrist fees are for use of a dit lamp where
there is no nationd coordination. 1n anationd programme, the overheads for call-recal will
be handled centrdly. However, the other overheads an optometrist will face in the Scottish
national screening programme are unclear. Hence for the base case economic andlysis, a
figure of £20 istentatively assured for the optometrigsimaging fee. Thisestimateis used for
smple comparisons to NHS modalities and so can be easlly subdtituted, if another feeis
agreed locdly.

The cost of hospital based opportunigtic screening is taken from this report’s costing for
hospitd based dit lamp examination within aforma screening programme.

Coordination and screening office establishment draws on experience from the breast cancer
screening programme, with both the cost based upon establishment within hospital and the
cost based upon establishment within commercid office space being presented. Screening
offices are based upon a population of between four and five hundred thousand, with
appropriate alowances for extra saffing and consumables for larger populations. NHS
Boards with sgnificantly smaller populations are assumed to be covered by other screening
offices, with ten screening offices established.  Thisis a pragmatic mode and other regiond
groupings may aso be gppropriate. This avoids the possibility of dropping below aminimum
efficient 9ze of screening office, though. If screening offices are further consolidated further
savings may be possible, though the main cost dements of staffing and consumables are
likely to remain rdaively condant.

The cost of the development and maintenance of acal/recal database and IT system is based
upon an indicative costing from those operating a smilar system within the breast cancer,
cervical cancer and colorecta cancer screening programmes. Thisis not aforma quote and
would be required to go out to tender if provided by the private sector. Indications from the
Topic Specific Group suggest that significant cogts could be saved if the IT system for
cal/recdl could be developed within NHSScotland. Figures for this of £80,000 initid and
£20,000 recurrent have been indicated, a breakdown of these being presented in Appendix 19.

Thereis no alowance for image capture software, as this has been devel oped and piloted
within NHSScotland so avoiding potentid copyright and encryption problems. This
assumption will be verified during consultation.
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Throughout the UK there are anumber of ways in which screening using digita photography
isdelivered. Within the analysesit isimportant to ensure comparability. Consequently, a
common gtaff grade for the photographer is assumed, together with a common staff grade for
nursng assstance where this gpplies. Equipment costs are derived from manufacturer quotes
and the experience of current digital photography within NHSScotland and the NHS in
England.

It has not been possible to alocate an administrative overhead for mobile moddlities, this
being assumed to be minor and subsumed within the operation of screening offices.
Similarly, the mobile mydriatic photography option as operated by Grampian requires thet the
camera be transferred to aroom within GP practises for operation. No alowance has been
mede for the opportunity cost of accommodation within GP surgeries. If vigits of a couple of
daysto GP surgeriesresult in little or no diplacement of activity ignoring this opportunity
codt isjudtifiable. However, indications from the Topic Specific Group are that in certain
aress, particularly urban areas, GPs are experiencing increasing pressures for the
accommodation of services within their surgeries. Consequently, an indication is given of the
opportunity cost for GP accommodation that woud be required for mydriatic mobile
screening within GP accommodation to be more costly than examination by optometrigts.

The Newcastle mydriatic mobile screening option is dso explored briefly as a possible
dternative, as this screens patients within a suitably converted van obviating the need for GP
surgery accommodation. In smilar fashion, non-mydriatic mobile screening occurs within a
suitably converted van, hence there is no dlowance for GP accommodation.

Adminidrative cogts for screening options within hospitals are taken from Scottish Hedlth
Service Costs 2000 (Nationa Hedlth Servicein Scotland. Information and Statistics Division,
2000) PAM section on dlocated overheads for eye examinations by hospital opticians.

The cost per screen is derived from an assumption of two hundred operational days per year
coupled with reported patient turnaround times. Capital utilisation could be increased through
the application of whole time equivaent staffing costs with an alowance for days during
which maintenance occurs, but it remains unclear to what extent full time operation of
screening unitsis possible,

Grading of imagesis assumed to follow the method established within the Welsh and
Aberdeen screening programmes, with three levels of grading (section 6.9). These costs are
added to the cost of screening for each screening modality to give a cost per graded screen.
While opinion as to automated grading appears to be that systems are not yet ready for
clinica practise, there is the potentia for automated grading to substitute for level one
grading with significant cost savings. Optometrist screening will beinitidly graded outwith
NHSScotland, and as such is assumed not to be subject to level one grading within
NHSScotland.

Summing screening costs and grading costs gives an overdl cost per graded screen.
However, within this there is no allowance for those not amenable to digital photography
being examined by dit lamp. If this proportion were the same for mydriatic and non-
mydriatic photography it would not affect their relative cost per graded screen. However,
expert opinion and the clinical effectiveness review suggest that these rates may differ and
that an alowance should be made for this. For mobile screening optionsiit is assumed that
patients not amenable to photography are examined by optometrists. For hospital based
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screening options it is assumed that they are examined within hospital. Note that it is not
assumed that an individua presents for digital photography but is then referred to dit lamp
examination, but rather that the screening system can ditinguish those who require dit lamp
examination based upon prior experience and S0 book appointments appropriately.

The cogting of referrds to ophthamologigts follows smilar principlesto that of the costing of
screening options. It is not suggested that ophthamologists will be employed full time
examining referrals from the screening programme.  Rather it is assumed thet referrd codts
are directly proportionate to the time spent examining referrals. While this method may
marginaly underdtate capita cogtsthiswill not markedly affect the andyss given the
preponderance of staff costs.

The cogt of laser photocoagulation trestment is taken from that reported by the Centre for
Hedlth Planning and Management within the NSC report (UK NSC, 2000), based upon data
from the Roya Liverpool Universty Hospitd.

Within the cogt effectiveness and budgetary andyss there is no alowance for the costs of
referrals to diabetologist for non-sight threatening reasons or for the costs of the trestment of
those who have gone blind.

8.3.4 Estimation of Net Benefits and Budgetary | mpact

Given the likelihoods of transferring between different retinopathy steates, and the likelihood
of blindness with and without treatment, the anticipated numbers of years of sight, years of
blindness and discounted Qudlity of Life Adjusted Years (QALY's) can be calculated for
people with diabetes of type 1 and type 2. Given senstivities and pecificities of screening
techniques, cohorts of people with diabetes can be flowed through the model, giving the
anticipated number of referras and treetments. The net benefits of moving from an
opportunistic screening programme to a systemétic screening programme can then be
caculated.

However, given uncertainty around both the age distribution and the didtribution of different
stages of retinopathy within age cohorts this does not yield a prediction of the annua number
of referrals and treatments. Consequently, the budgetary analyss adopts asmpler
methodology. Reported sengtivities and specificities are coupled with the reported
prevalence and incidence of treatable sight threatening digbetic eye disease to yield the
predicted number of referrals and laser treatment episodes. These are then fed into the
budgetary andlysis to give an anticipated downstream trestment cost.

8.3.5 Discounting

Codts are discounted at 6.0% with benefits discounted at 1.5% in the base case, as
recommended by the Scottish Executive Health Department.

8.3.6 Sensitivity Analysis
A key cost driver for dl screening moddities within NHSScotland is patient turnaround time.
In addition, for mobile screening options the amount of time spent travelling sgnificantly

affects the number of patients that can be screened. For hospital based screening modalities
the alocated hospital charge for outpatient appointments drives costs to a sgnificant extent.
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The effect of varying these is explored within sengtivity analyss, asisthe effect of varying
the number of operationa days per year.

The effect of varying the fee charged by optometrists upon optimal service structure is
explored, asisthe effect of varying the percentage of patients screened by optometrists.

The anticipated impact upon people with diabetes depends upon the age at diagnosis and,
critically, upon the effectiveness of photocoagulation treetment. A range in the relative risk
reduction of blindness upon trestment is explored within the examination of anticipated
patient benefits. The discount rate used for patient benefits aso has a significant impact upon
cost effectiveness, and is varied to include 0% and 6%.

The effect of wrongful referrals and those correctly referred for treatment depends upon the
annua incidence of treatable sight threstening retinopathy within the digbetic population.
The effect of varying this upon downstream examination and trestment cogisis explored in
the budgetary andysis.

8.3.7 Assumptions

Those who are not amenable to digitad photography are identified within the screening
database and booked dit lamp examinations as appropriate. Screening costs will be increased
by the extent that this does not occur and secondary dit lamp examinations are required

within the same screening cyde. Thiswill be most significant during establishment of the
screening programme but will diminish in the longer term.

Thiswill dightly undergtate screening codts particularly during the establishment phase. If dll
patients not amenable to photography were adways booked into photographic screening prior
to being referred on to dit lamp examination this would incresse the costs of screening
exclusive of grading and other costs by a percentage gpproximately equa to the numbers not
amenable to photographic examination.

No alowance has been made for training costs associated with the adoption of the new
technology. The NSC report estimate of training cogtsis based amost exclusvely on the cost
of gaff time during attendance. An dlowance has been made for this within the base case
number of operationd days assumed per year. This may margindly understate the relative
requirement of ophthalmologi<t time and ignores minor items such as room hire,

8.4 Economic Evaluation Results
8.4.1 Costsof Screening Modalities

All cost comparisons are on the basis of recurrent costs plus capita costs annualised a six
percent. The results for mydriatic photography are presented firgt, followed by non-mydriatic

photography.
8.4.1.1 Mydriatic Photography Cost Calculation
Both mobile and hospital based mydriatic photography can be single saffed by the camera

operator. The camera operator isresponsible for both the administration of eye drops and the
taking of photographs, patients being photographed while others wait for their eyesto fully
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dilate from the administered drops. Given this dud role, patient turnaround time in the base
case andysisis taken as being 20 minutes’.

Using two staff members enables the camera operator to concentrate upon photography, with
anurse providing patient information and administering eye drops. Thisincresses staffing
costs, but aso increases patient throughput so making better use of capital equipment. Patient
turnaround time in the base case andydsistaken as being 15 minutes.

In the costings, camera operators were assumed to be MTO Grade 3. Nursing assistanceis
assumed to be Grade D. Where a single member of staff is used, it has recently been
confirmed thet the Single member of aff must satisy the Patient Group Directions
(Appendix 8), to be able to administer eye drops. This would imply one person of at least
nurang Grade D. However, asan MTO Grade 3 sdary is higher than that of a Grade D
nurses, thisis not going to have a 9gnificant impact on the cogtings.

Camera equipment costs have been taken from supplier quotes® and NHSScotland experience.
A 15 pence dlowance per screen has been given, which together with eye drops at 5 pence
gives a consumables cost of 20 pence per screerf’. An additiondl alowance for flash tube
renewa has assumed a flash tube life of 20,000 photographs as advised by the supplier.

All capita equipment is assumed to be purchased, with the necessary mobile van conversons
and annua servicing being undertaken by suppliers’. For the mobile options fud costs are
taken as being afunction of the daily drive time with an assumed average of 35mpg and
45mph for screening within GP surgeries, while screening within a suitable converted van
takes afigure of 30mpg.

Grading of photographs is assumed to be hospital based and coordinated by one full time
A&C Grade 5. Leve one grading is performed by an MTO Grade 3 with athird of screens
being passed to an MTO Grade 5 for level two grading. Leve three grading reviews athird
of leve two gradings and is performed by an ophthalmic consultant who aso reviews 5% of
al screensfor quality assurance. Each grading incident is assumed to take five minutes.

Slit lamp examination is assumed to be required for 5% of patients®, which can be undertaken
within hospitd or by optometrists. As reported below, the cost per dit lamp examination
within hospitdsis gpproximately £12. Thisis sgnificantly less than current optometrist fees.
Consequently, in the analysis of hospita based photographic screening it is assumed thet the
5% requiring dit lamp examinations are seen in the hospitd setting. However, for community
based mobile screening it is assumed that optometrists perform dit lamp examination. As
discussed below, hospital based screening appears the less expensive option from the NHS
perspective. But acceptable patient travel times’, access and attendance is likely to require
additiona mobile or community based provision, giving rise to the assumption that for mobile
screening options dit lamp examinations are performed by community optometrigts.

2 Based upon Newcastle screening programme of eight years and a pilot within Elgin, Grampian of 300 patients.
3 TOPCON UK

4 HERU costing of Gloucestershire Screening Service

® Costs quoted by A.M. Phillips

® Expert opinion and clinical review section

7 Sculpher (1991) reports the costs of patient travel and time, but these vary significantly between locations and
itisdifficult to draw conclusions asto likely patient travel times and costs for screening by different methods
within NHS Scotland and optometrist practises.
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In order to compare photography delivered within NHSScotland with that delivered by
optometrigts, it has been assumed that optometrists photography is not subject to level one
grading but that leve two grading, leve three grading and qudity assuranceis till performed
within NHSScotland.

8.4.1.2 Mydriatic Photography Costing Results and Sensitivity Analysis

Table 8-1 presents the annualised cost per screen by screening modality for the base case.
The base case assumption isthat al capita equipment haslittle or no resdevaue. Given the
assumed five-year life of vans within mobile options, thisis pessmigtic. Consequently, the
annualised cost per screen is dso presented for a 20% resale value for vans, and for a 20%
resde value for vans and camera related equipment.

Table8-1 Annualised cost per screen by screening modality (£)
Base case
Mydriatic | Mydriatic | Mydriatic | Mydriatic | Mydriatic | Optometrist
Mobile Mobile Mobile Hospital Hospital | Photography
1 Staff 1 Staff 2 Staff 1 Staff 2 Staff
GP Prem. VanBase | GPPram.
Cost/Screen 15.10 15.32 16.87 12.30 14.35 20.00
Grading 3.29 3.29 3.29 3.29 3.29 149
Sit Lamp All. 0.23 0.22 0.15 0.17 -0.12 ..
Total 18.62 18.83 20.30 15.76 17.52 21.49
20% van resale 18.39 18.49 20.13 . .
20% van & camera 18.00 1811 19.84 1551 17.32
resde

It is clear that given the base case assumptions, thereisonly asmall cost increase associated
with screening patients within avan compared to screening patients within GP
accommodation. Given that the above does not make any provision for the opportunity cost
of GP accommodation, where pressures exist on GP accommodation it islikely to be cheaper
to provide screening within avan dong the lines of the Newcastle programme where this

proves feasible.

Given the base case assumptions, the additiona benefit of increased patient throughput from
using two gaff members is more than outweighed by the increase in gaffing costs. Asthe
sengtivity anadlyssof Appendix 21 shows, for mobile options this applies regardless of the
daily drivetime. Double gaffing is dominated for both mobile and hospital based optionsin
the base case. While a difference in the cost per screen of around two pounds may appear

minor, this rapidly multiplies up with the number screened to around £17k per 10,000

screened.

As reported in the methodology section, the base case assumes a patient turnaround time of 15

minutes and 20 minutes for one staff members and two gaff members. Asshownin

Appendix 21, reducing these by 20% narrows the difference in the cost per screen between
the mobile and hospital based options, as the effect upon throughput is proportionaly greater

for mobile options given setting up and drive times.
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Table 8-2 Annualised cost per screening modality (£)
20% Reduction in Patient Turnaround Times
Mydriatic Mydriatic | Mydriatic | Mydriatic | Mydriatic | Optometrist
Mobile Mobile Mobile Hospital Hospital | Photography
1 Staff 1 Staff 2 Staff 1 Staff 2 Staff
GP Prem. VanBase | GPPrem.
Cost/Screen 12.15 1232 1356 10.71 12.35 20.00
Grading 3.29 3.29 3.29 3.29 3.29 149
St Lamp All. 0.37 0.37 0.31 0.09 -0.02 .
Total 15.81 15.97 17.16 14.09 15.61 21.49

Retaining the assumed 20 minute patient turnaround time for the one staff member options, a
one way sengtivity andysis can be performed to determine what improvement in patient
turnaround times for two staff members modalities would be required to equate costs per
screen. This suggests that patient turnaround times would have to fal to 12 minutes within

the two staff members options for their cost per screen to be equa to that of the one staff
member options,; i.e. two staff members would be required to increase patient throughput by
67%. It should aso be noted that an increase in the percentage of unfilled dots above the
base case assumption of 5% further widens the cost differentia between the one staff member
and two gtaff members options.

The base case analysis shows hospital based screening to be cheaper than mobile provison
for the base case, though allocated hospital overheads of £4 (Nationd Hedth Servicein
Scotland. Information and Statistics Divigon, 2000) do contribute significantly to this
concluson. Concentrating upon the single staffing options, there is no obvious reason for
patient turnaround times to differ between mobile and hospital-based provision.
Consequently, the sengtivity analysis focuses upon hospital overheads and capacity
utilisation, and the daily drive time involved in mobile provison.

Asthe cost per screenislinear in hospita overheads, they would have to increase by 70% for
the cost per screen to be equa between hospita based and mobile provison. But given its
fixed location, hospital based provison may have alimited population to draw on within an
acceptable catchment area. Capita equipment purchased for photographic screening may lie
unutilised for much of thetime. Provided that the camera operator can be usefully employed
during this down time and hospital overheads remain constant at £4 per attendee, capita
equipment would need to be under-utilised by 45% within hospital based screening before the
cost per screen was equated with mobile provison. Level one grading would be the obvious
use of any spare MTO Grade 3 capacity. Yet evenif the staff member iswhoally inactive
other than when performing photography, capacity under utilisation could rise to as much as
25% before the cost per screen is equated with mobile provision.

The base case analysis assumes atotd daily drive time of two hours for mobile options; i.e.
one hour eech way. This significantly affects the number of patients that can be seen each
day. Given the base case assumptions for hospita provison, thetotd daily drive time would
have to fall to only one hour for the cost per screen of mobile and hospita provision to be
equated.

Theimpact of total daily drive times and patient turnaround times is explored in greater detall
in Appendix 21. Comparing single staffed mobile provison with optometrists, under base
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case assumptions the totd daily drive time would have to increase to 2hr40min to equate costs
per screen. Alterndively, retaining atwo-hour daily drive time, the capitd involved in

mohbile provison could be inactive for 35% of the time if the operator is engaged in grading

or for 17% of the timeif the operator is entirdly inactive when not taking photographs. These
percentage under utilisation rates equate the cost per screen from mobile provison and
optometrist provison.

On agmilar bags, if the optometrist fee were £15 the total daily drive time would be required
to fal to only 1hr20min for mobile provison to remain cost effective. For an optometrist fee
of £25 the totd daily drive time can rise to 3hr30min and mobile provison gill remain cost
effective. However, the base case costing of mobile provison within GP premises makes no
alowance for the opportunity cost or financid cost of using these premises. Given the base
case differentid of £2.87 between this and optometrist provision and a 20 minute patient
turnaround time, accommodation charges of around £8.61 per hour would see mobile
provision within GP accommodation and optometrist provison be of equal cost in the base
case. An optometrist fee of £25 would reguire these accommodation chargesto rise to £23.60
per hour to equate cost per screen. In areas where GP accommodation is heavily utilised and
screening islikely to displace activity, the Newcastle mode of screening within asuitably
converted van islikely to provide the least cost mobile solution.

The above suggests a default of hospita-based provison where this is acceptable to patients,
patient travel times not proving to be a deterrent and reasonabl e attendance rates being
maintained. However, provison for areas outwith mgor urban centres may be more
effectively served by a combination of mobile and optometrist coverage. The main drivers of
overal cost and cost per screen under such circumstances will be the percentage seenin
hospita, the drive time involved with mobile provison, any GP accommodation fees,
optometrist fees and the balance struck between mobile and optometrist provison.

Asan example, if 45%° of people with diabetes are seen in the hospital setting the effect of
the balance between mobile and optometrist provison can be examined as shown in appendix
22. Aswould be expected, where the optometrist cost exceeds that of mobile provison, the
cost per screen rises as optometrist provison increases. The sengtivity analyss can,

however, ds0 be seen as an initid guide to the cost minimising structure of service provison.

For aNHS Board, given the population that can be reasonably covered by hospital-based
provision with both acceptable capacity utilisation rates and patient attendance, the default
provision for the remaining population is mobile provison within NHSScotland. Optometrist
fees within the NHS Board will indicate what total daily drive time is acceptable for mobile
provision to remain cost effective. Potential mobile unit bases can then be reviewed to
determine the likely diabetic population within the catchment areaimplied by the daly drive
time, these being geographicaly dispersed. If the catchment area of a potentid mobile unit
base provides sufficient capacity utilisation, the area should be served by mobile provison. If
mobile units can be transferred between bases and NHS Boards, capacity considerations will
ease. For areas outsde acceptable catchment areas, optometrist provision of screening will
reduce costs.

8 Based upon Argyll and Clyde, Forth Valley, Greater Glasgow, Lanarkshire and Lothian populations being
reviewed within the hospital setting. Thisisonly for presentational purposes and does not presume that all in
such areas will be seen in hospital or that nonein other health boards will be seen in the hospital setting.
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Given the Sze of the proposed programme, SHS may manage to negotiate discounts on
camera equipment and its associated hardware and upon van purchase and its associated
hardware. A 20% reduction in camera costs causes around a 50 pence reduction in the cost
per screen for dl mydriatic options. Thisreduction is dightly greater for the single staffed
options given the lower patient numbers seen which implies agreater capital cost per screen.
Similarly, a20% reduction in van purchase cost causes around a 25 pence reduction in the
cost per screen for mobile options.

8.4.1.3 Non-Mydriatic Photography Cost Calculation

The principles underlying the calculaion of non-mydriatic photography exactly pardld those
for mydriatic photography. However, as eye drops do not have to be administered only single
gaffing options are considered. This quickens patient turnaround to ten minutes, but

increases the proportion not amenable to photography to 8%. As mobile photography is
performed within the van, a suitably converted transit is required, increasing fud consumption
dightly to 30mpg.

Given the results that follow, provison of screening with mobile unitsin large urban centres
may be as or more cost effective than hospita based provison. Consequently, it may be
inappropriate to assume that al those not amenable to photography under the mobile option
will receive optometrist dit lamp examination. If urban provison is through the mobile
option, those requiring dit lamp examination may be seen by optometrists or within the
hospita setting. I such dit lamp examinations are within the hospital setting, thiswould
further enhance the rlative cost advantage of mobile provision.

8.4.1.4 Non-Mydriatic Photography Costing Results

Table 8-3 Annualised cost per screen by screening modality for base case (£)
Non Mydriatic Non Mydriatic Optometrist
Moabile Hospital Photography
Cost/Screen 7.15 8.05 20.00
Grading 1.92 1.92 0.82
Sit Lamp Alll. 0.95 0.28 .
Total 10.02 10.25 20.82
20% vanresde 9.90 .. ..
20% van & cameraresale 9.75 10.14

Under the base case anadlysis, thereisminima difference in cost between screening organised
in hospital compared to that organised through mobile provison. Clearly, asthetotd daily
drive time increases beyond two hours mohile provision becomes more expengve. But thisis
likely to be for provision in areas where patient travel times to hospital- based facilities may

be unreasonable and likely to impact upon attendance rates. The more appropriate
comparison under such circumstances is with optometrist provison.

The main result of the aove isto highlight the potentia savings that would result if mydriasis
and two fields prove to be unnecessary for those attending screening. While the exact leve of
savings would depend upon the balance struck between hospital, mobile and optometrist
provision, annualised reductions in cogts in the order of £870,000 could be anticipated. Given
that work is currently under way regarding the need for mydriasis and two fields, it would
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seem sensible to future proof theroll out of a systematic screening programme through
investment in cameras capable of non-mydriatic photography.

Dueto the increased patient numbers seen within non-mydriatic units, cameraand van
purchase price discounts have only alimited effect upon the average cost per screen. A 20%
discount on camera codts results in around a 25 pence reduction in the cost per screen, while a
amilar reduction in the van purchase price would result in a 14 pence reduction in the cost per
screen. Additiond sengitivity andlyses pardleling those for mydriatic photography are
presented in the appendices.

8.4.2 Exploratory Cost Effectiveness Analyses

To illugtrate the anticipated benefits of moving from the current pattern of opportunistic
screening undertaken in Scotland to anational systemeatic programme, the progression of
people with diabetes through the different stages of retinopathy is modelled. Using the
trangtion probabilities and mortality multipliers reported in Vijan et a. (2000) for people with
type Il diabetes, cohorts can be flowed through the opportunistic and systematic screening
programmes.

Opportunistic screening is assumed to be 50% by GPs, 30% by optometrists and 20% in
hospital with a 60% attendance rate. The NSC report (UK NSC, 2000) aso highlights that
under opportunistic screening 80% of people with diabetes have been screened over two
years, which suggests that 60% of people with diabetes present randomly each year for
opportunistic screening®. The largest proportion of opportunistic screening is performed by
GPs, whichare typically reported as achieving around a 90% specificity (e.g. Sculpher et d,
1991). The specificities for opportunistic screeners are smilarly taken as being 90%, with the
asociated sengtivities being taken from the clinical effectivenessreview section. Thisresults
in sengtivities and specificities for GPs, optometrists and hospital-based diabetologists are
taken as being 64% and 90%, 75% and 90%, and 82% and 90% respectively. Systematic
screening is assumed to have an 80% attendance rate for people with digbetes again
presenting randomly each year, with a senstivity and specificity of 87% and 95%.

People with type 2 diabetes and no retinopathy pass through three background retinopathy
gates with no risk of blindness, trangtion probabilities between these being dependent upon
the leve of glycaemic control. Proliferative retinopathy then ensues which carries arisk of
blindness. If proliferative retinopathy is detected patients are treated with photocoagulation
that permanently reduces the risk of blindness. Not dl will progress through the disease to
blindness as al hedth states have an associated age related probability of death.

° Note that simulations assume people with diabetes present randomly within each screening modality. In
practise people with type 1 diabetes may have both higher opportunistic attendance rates and tend to be seen
within the hospital setting, which may tend to reduce the effect of moving from opportunistic to systematic
screening overall. However, it may also tend to increase the impact of the move to aformal screening
programme upon people with type 2 diabetes.
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The modd structure for people with type 1 digbetesis as presented in this diagram, but with
there only being one state for background retinopathy. Trandtion probabilities between no

retinopathy to background retinopathy, and from background retinopathy to proliferative
retinopathy are age related.

The details of the QALY caculations and associated discussion are presented in Appendix 23.

8.4.2.1 Anticipated Cost Effectiveness of Moving to Systematic Screening

8.4.2.1.1 Mydriatic Photography

Within each cohort the number of screens performed, false positives, true postives and

treatments can be smulated for each year. These are then discounted to give the present value
of QALY sand cods for the opportunistic and systematic screening programmes, from which

the net cost/QALY can be cadculated for the move from opportunistic to forma screening.

This discounts costs at 6% and benefits at 1.5% as the base case. The discount rate used for
benefits sgnificantly affects the cost effectiveness for people with type 2 digbetes, resultsfor

discount rates of 0% and 6% on benefits being presented in Appendix 22 though the move to
aformal screening programme for people with type 1 diabetes gppears cost effective
regardless of the benefit discount rate.

Cost per QALY of systematic screening relative to opportunistic

Table 8-4
screening: Mydriatic
Typell
Age RRR| 9%Alc 7%Alc
0 N%|  £2139  £4,655
70%|  £3074  £6,6%4
50%|  £4,635 £10,168
40 AN%| £3808  £8322
70%|  £5328 £11,745
50%| £7,836 £17,476
50 N%| £8122  £17,603
70%| £11,040  £24,509
50%| £16,006  £35130
60 N%| £21,397  £44,279
70%| £29151  £61,963
50%| £42719  £77,422
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Typel
Age RRR
15 0% £826
70% £1,222
50% £1,947
20 0% £862
70% £1,263
50% £1,996
25 0% £991
70% £1,432
50% £2,232
30 90% £1,177
70% £1,676
50% £2581
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Immediately obvious isthe gresater anticipated benefit among people with type 1 digbetes of
the move from opportunistic to systematic screening. Even among the common age group of
30, the cogt effectiveness among type 1 diabetic is much greater despite their lower life
expectancy. People with type 1 diabetes progress through the disease much faster and the
benefits accruing to them are correspondingly grester.

For people with type 2 diabetes, the pattern is very much as would be anticipated. Better
glucose control lessens the likelihood of blindness, so lowering the relative benefit of aformal
screening system.  The greater effectiveness of treatment with photocoagulation, the more
cost effective is the move to systematic screening, while age significantly reduces the
anticipated cogt effectiveness of suchamove. Similar consderations concerning the duration
of trestment benefits, distribution of retinopathy upon diagnoss and effect upon the detection
of macular oedema as reported above for patient benefits apply to cost effectiveness.

Ageisdso aggnificant factor, though for a cohort aged sixty it may be unreasonably
optimigtic to assume that none will have severe or proliferative retinopathy and that 80% will
have no retinopathy. It remains unclear quite what the likely cost/benefit is of screening those
diagnosed a an advanced age, as unless they have severe background retinopathy they are
relatively unlikely to progressto blindness. However, this result may be better interpreted as
further querying the need for those with little retinopathy to be screened annualy. Again,
among people with type 2 diabetes there islittle likelihood of developing severe background
retinopathy or blindness within two or even three years, though this risk does rise with poor
blood glucose control and is higher for people with type 1 diabetes. However, dl people with
didbeteswill requireinitid screening to determine thair initid retinopathy state. 1t would
seem sengble to continue annua screening until an assessment of the need for annua
screening of those with little or no retinopathy has been made. Note that this option is not
available to opportunistic screening, hence any move towards less than annua screening if
cinicaly justified would further benefit the cost effectiveness of systematic screening.

In the above, there is dso no dlowance for any increase in the hedthcare costs of diabetic
care which result from blindness. The sgnificance of this has not been quantified, but will
tend to increase the cost effectiveness of the move to a systematic screening programme. To
the extent that cost savings may be redised through this route there may aso be budgetary
savings, though how likdly it is that budgetary savings would result rather than the freed
resources being used for other patient care is a matter of conjecture.

8.4.2.1.2 Non-Mydriatic Photography

Asreported in the dlinica effectiveness section, thereis currently little evidence that
sengtivities and specificities differ between mydriatic and non-mydriatic photography.
Consequently, for those who can be screened by elther method throughout the progression of
the disease, the patient impact can be taken as being the same.

However, it has been assumed that the number requiring dit lamp examination is higher for
non-mydriatic photography than for mydriatic photography. Given the lower sensitivity of
dit lamp examination as agenera screening tool thiswould be anticipated to reduce the
beneficid patient impact of anon-mydriatic screening system. Furthermore, the progresson
of conditions that make a person with diabetes unamenable to non-mydriatic photography
may tend to coincide with a progression to sight threetening retinopathy. Consequently, the
effect upon the rdative patient impact of nor-mydriatic screening versus mydriatic screening
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may be greater than would be suggested by a cursory examination of the differencein
percentages requiring dit lamp examination and dit lamp sengtivities might suggest.

Y et it may be more redigtic to assume that under a non-mydriatic screening programme those
amenable to nor-mydriatic photography will be screened as such. Those who present but are
not amenable to non-mydriatic photography may subsequently be dilated to check whether
they are amenable to mydriatic photography, and if not referred on to dit lamp examination.
Thismode of screening would yield the same patient impact as outlined above for a
mydriatic screening programme, though with a dight increase in cost over the base case
assumptions for a non-mydriatic systemétic screening programme.

Immediately apparent from thisisthat if non-mydriatic and mydriatic photography are as
effective in terms of sengtivities and specificities, a nort mydriatic systematic screening
programme will dominate mydriatic photography in terms of cost effectiveness. The
additiona expense of mydriatic photography confers no additiond patient benefits. Turning
to the cogt effectiveness of the move from an opportunistic screening programmeto a
systematic screening programme based upon non-mydriatic photography, the cost per QALY
will be lower than those reported for a mydriatic screening programme above.

The average annudised cost per screen under a non-mydriatic systematic screening
programmeis adso dightly lower than that under an opportunistic programme. However,
given that greater percentage assumed to attend a systematic programme, the total annua cost
of screening under the systemdtic programme is dightly higher than that for the opportunistic
programme. But thisfals to take into account the cost of fase referrds and true positives and
trestments. Adopting the same procedure as for before yidlds cost effectivenessratios as
follows.

Table8-5 Cost per QALY of systematic screening relative to opportunistic
screening: Non-mydriatic

Typell Typel
Age RRR| 9% Alc 7%Alc Age RRR
30 9% -£375  -£1,274 15 9% £83
70% -£545 -£1,842 70% £124
50% -£831  -£2,809 50% £200
40 9% -£728 -£2,356 20 9% £127
0% -£1,026 -£3,336 70% £189
50% -£1,519 -£4,977 50% £303
50 9% -£1,744 -£5,194 25 0% £156
T0%| -£2380  -£7.244 70% £228
50% -£3475 -£10,398 50% £360
60 9% -£5311 -£13,684 30 0% £199
70% -£7,246 -£19,132 70% £286
50%| -£10,634 -£23,957 50% £445

When the cost of false referrds is taken into account, the move to a systematic programme
based upon non-mydriatic photography is cost saving for persons with type 2 digbetes. While
reporting the cost per QALY under such circumstancesis dightly unusud, it has been

retained to illugtrate the effect of screening those for whom the anticipated benefit is small.
Among those diagnosed at an older age with little or no retinopathy, it is more cost effective
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to move from opportunistic to systematic screening than those of ayounger age group. This
results because the patient benefits for the cost saving are extremely smdl, questioning the
need to screen older age groups at dl if they have little or no retinopathy.

Given the greater speed of disease progression among persons with type 1 diabetes, the move
to a systematic screening programme based upon non-mydriatic photography is not cost
saving. However, it isnot far from cost neutral and the cost per QALY is correspondingly
extremely low. It should dso be borne in mind that the smulations have not taken into
account possible savings resulting from the reduction in treetments for blindness associated
with diabetes.

8.4.2.2 Cost Effectiveness Analytical Assumptions

The cdculation of the patient impact of moving from an opportunistic screening programme

to a systematic screening programme is critically dependent upon the probabilities and quality
of life values used within the modd. Vijan reports arange of probabilities around the centra
estimate, but unfortunately no such digtributions are reported within Davies. Clearly, if the
mortdity risk is from diabetes and different degrees of retinopathy is higher than that reported
and used in the modd, the likelihood of a person with diabetes surviving to progress to
blindness will be reduced. Similarly, if the trangtion probabilities are lower than reported
people with digbetes will progress through the different retinopathy states at a dower rate, and
the likelihood of blindnessis again reduced.

Both these effects would tend to reduce the patient impact of the move from opportunistic to
systematic screening in terms of the increase in years spent sighted and the decrease in the
years spent blind. Conversdly, if the mortaity risk from diabetesis lower or the trangition
probabilities are higher, this will increase the likelihood of blindness and increase the impact
of the move from an opportunitic to a systematic screening programme.

In addition to the above, the calculation of cogt effectivenessratiosis criticaly dependent
upon the values used for the quality of lifein different hedlth sates. In particular, the quality
of life vaue associated with ayear of blindness drives the andysisto asgnificant degree. It
isinevitable that there will be a degree of uncertainty around the estimation of such values,
and thisisreflected in the literature. Similarly, if for those blind the balance between well
adjusted and poorly adjusted differs from the assumed equa baance, thiswill aso affect the
average quality of life value gpplicable to ayear of blindness.

The smulations also assume that people with both types of diabetes present randomly to the
screening modalities reported by the NSC for an opportunistic programme. This may be
unredligtic, and a person with diabetes who was screened by hisher GP previoudy may be
more likely to present at his’her GP again than to present at an optometrist or at hospital. This
seems most likely to affect persons with type 1 diabetes who may be more likdly to be seen
within the hospital setting. Given that the sengitivity and specificity for opportunigtic
screening within hospita is sgnificantly higher than that for opportunistic screening asa
whole, thiswould tend to reduce the impact of the move from opportunistic to systematic
screening for people with type 1 diabetes. Similarly, if opportunistic screening attendance
rates for people with type 1 diabetes tend to be higher than for people with diabetesasa
whole, thiswould again reduce the patient impact and cost effectiveness of the move to
systematic screening for people with type 1 diabetes. However, it seems unlikely that this
effect would worsen cogt effectiveness ratios sufficiently to make the move to systematic
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screening for people with type 1 diabetes appear unattractive. Note that any such effect
would also tend to improve cost effectiveness ratios for the move to systematic screening
among people with type 2 diabetes.

8.4.3 Budgetary Considerations

The overdl cogt of the screening programme will depend upon the ba ance between hospita
based, mobile and optometrist screening, which isdifficult to gauge apriori. Thereisdso a
degree of screening dready occurring, which differs among NHS Boards. Consequently the
cost estimates focused on here (Appendix 19) assume a complete absence of formal
screening, and compare this with the cost of the opportunistic screening which may have been
occurring prior to any moves towards formalised screening. Figures that deduct current
budgetary alocations for digbetic retinopathy screening are presented in Appendix 20.

In calculating the indicative budget for the overdl systematic screening programme it has

been arbitrarily assumed that 45% of those screened are seen in hospita with the remainder
being seen through mobile provision, though it is recognised that thiswill differ across NHS
Boards and in particular that there may be areas of hospital capacity congtraintsin certain
areas. Y ear one, recurrent and annualised gross costs of £4.79m, £2.52m and £3.03m can be
anticipated for the establishment and operation of diabetic screening (Appendix 19). Loca
screening office establishment has assumed hospital-based offices. To the extent that these
areintegrated with community screening offices, savings on overhead alowances and some
capita equipment may be redlised.

Thisrelates solely to providing the option of annua screening to diabetic with an assumed
80% acceptancerate. If early review isaso provided within the screening system, annudised
cost could increase by approximately £0.11m on the basis of 5% of those screened receiving
ealy review.

For every 10% increase (decrease) in those being screened within the mobile setting,
annualised cogts will rise (fall) by approximately £35,300. These figures give little room for
dack within mobile provision beyond the assumption of 200 operative days. Every additiond
10% reduction in operating days can be anticipated to increase the annualised cost of mobile
provison by approximately 4%.

Thereis no dlowance within this calculation for photographic screening by optometrists. For
every 10% of the tota being screened who are screened by optometrists instead of within
mobile units, an additiond annuaised cost of £58,000 would be anticipated given an
optometrist fee of £20. Thisis clearly dependent upon the actua optometrist fee charged.

Note that the cost of grading adds significantly to the overal cost per screen. Thisis
primarily driven by level one grading, staff cogts for this gpproaching haf the total annualised
cost of grading. To the extent that automated grading could subgtitute for this, total grading
costs could be sgnificantly reduced in future.

However, the base case assumes a two- hour drive time for mobile screening. This may be
unredigtic in that optima service structure would suggest increasing the range of mobile
provison until the margina cost per screen of mobile provison risesto that of a graded
optometrist screen, indicating atota daily drive time of 2hr40min. Under this assumption the
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cost per screen of those seen within mobile units would rise, but it is difficult to speculate as
to what the impact upon the average cost per screen would be.

In terms of the cost of opportunistic screening, the UK NSC report (2000) suggeststhat in
England around 60% of people with diabetes receive opportunistic screening in the absence of
formal screening programmes. This is reported as being 50% GP, 30% optometrist and 20%
hospital based. Taking the figures already presented together with the James et d. (2000)
estimate for the cost of GP screening gives an annuaised cost of £1.57m.

This suggests an additiona annualised economic cost from the organisation of forma
screening of around £1.46m. However, in terms of the overal budgetary effect it is unlikely
that any savings would result from GPs and an annualised net budgetary impact of £2.24m
would be predicted.

The downstream costs of referras and trestment are outlined for various assumptionsin
appendix 24. Thissuggeststhat in theinitid year downstream cogts from referrds and
treatment will be of the order of £1.3m as the backlog of previoudy undetected treatable sght
threstening retinopathy is dedlt with. With an incidence of 1.3% and a stable prevalence
under opportunistic screening, around an additiona 1,100 people with diabetes will require
laser surgery in the first year compared to that which would be anticipated under opportunistic
screening. However, this additiond annua cost fdls rgpidly as the backlog of those with
treatable eye disease is worked through. 1n the longer term an additional 150 laser trestments
may be anticipated, with an annua downstream cost increase of £62,709.

Thisrelates only to the direct downstream codsts of false positives and the trestment of true
positives, with no alowance for possible savings in terms of the reduction in treatment of
those going blind. It dso suggests that in the early years of screening programme
establishment ophthamology workloads may increase, as the backlog of treatable sight
threatening eye disease isworked through. In the medium term workloads within
ophthalmology may be reduced as referrals from fa se postives are reduced by around 3,000
with an increase of only alittle over 150 in the numbers being treated. However, it should be
stressed that these figures are quite speculative and sengtive to the base case assumptions that
are used.

8.5 Assumptions

Some of those not amenable to digitd photography will ill be given aninitid photographic
appointment, followed by dit lamp examination within the same screening cycle. Thismay
arise with those newly diagnosed, and will arise for those developing eye problems that

render them not amenable to photography between screening incidents. A worst case scenario
of al those not amenable to photography being initialy booked a photography appointment
with a subsequent gppointment for an optometrigt dit lamp examination would cause

screening costs to rise by the gpproximately these numbers multiplied by the cost of
photographic screening. Where the principa screening modality is mydriatic photography

this suggests an annud cost increase of between £100,000 and £116,000, while for nor+
mydriatic photography the cost increase would be £100,000.

It may be possible to increase capacity utilisation through staff rotation, and the adoption of

whole time equivaent gaffing. For instance, an assumption of fifty operative weeks per year
would result in afdl of around eight percent in the cost per graded screen for the mydriatic
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mobile option with one staff member. However, an assumption of an annual number of
operative days of 250 may be difficult to redise in practise, and while the reduction in the

cost per graded screen is not inggnificant it islessthan athird of the percentage increasein
operative days. Consequently, the base case analysis retains the assumption of 200 operative
days coupled with full time rether than whole time equivalent Saffing.

The economic analyss has not included patient travel times and costs, because they vary
greatly depending on locality in Scotland. Petient travel times and costs are likely to impact
significantly upon attendance rates, and so the optima service design will be required to take
these into account in each region.

8.6 Conclusons

Non mydrigtic diabetic retinopathy screening is associated with alower cost than mydriatic
screening. For non mydriatic screening, if the base case assumption of an average daily drive
time of 2 hoursin the van is gppropriate, thereislittle difference in the cost of screening
given in hospita or given by mobile unit. The components that have most influence on these
cods are the patient turnaround time and drive time of the mobile unit. Consequently the
possibility of hospital vs mobile screening provision vs optometrist provison should be
consdered in each region, given the dendity of the population, travel requirements and
hospital and optometrist availahility.

For those people with diabetes living on the idands, it islikdly that mobile provison (shared
with other areas) or optometrists will provide optimal provision. The range covered by a
mohile unit should be based on the density of the diabetic population (number and drive time)
and may cross NHS Board boundaries, so the possibility of mainland Boards sharing vans
should also be considered.

Given the diabetic population in Scotland, amaximum of 10 regiond screening centres
should be established and for organisationa purposes co-ordination of asmdler number eg. 6
may be morefeasble.

Decigons regarding optima screening modality in each NHS Board or region will depend
criticaly upon the fee rates charged locally by optometrists for diabetic retinopathy screening
and any fees or opportunity cost charged for the use of accommodeation for mobile provision.

Exploratory cost effectiveness analyses demonstrate cost savings when anational non-

mydriatic screening programme is compared to the current Situation in Scotland of
opportunigtic screening.
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9 TOPICSFOR FURTHER EVALUATION

During this Hedlth Technology Assessment, the following areas of research, audit and
development have been identified. These will test assumptions made in this report and dlow
improvement in the nationa programme in the light of experience:

Clinica effectiveness
Invedtigate the role of mydriads and multiple/angle fidds in screening by retina
photography (study underway by Leese et a, 2000)
Egtimate fallure rates in the proposed system
Test qudity assurance measures for dit lamp evauation to ensure that they reech a
high and uniform quality standard.
Evduate the role of automatic grading by compuiter.
Assesstherole of laser scanning ophtha maoscopy.

Organlsalond issues:
Investigate the possibility of less frequent screening in some patient groups
Develop atraining and accreditation scheme for retind graders
Develop anationa treatment protocol for the adminigration of the mydriatic agent
tropicamide
Egtablish arobust qudity assurance scheme
Examine use of compressed JPEG images, losdess compression and laptop screens for
grading
Use current expertise to equip mobile retind screening unitsin the nationa
programme, ensuring facilities adlow disabled access.

Petient issues:
Ascertain patient preferences for
0 Location of screening
o Timing of gppointment
0 Whether screening outcome is reported at the time of the visit
Evauate factors that encourage screening attendance (and those most/least likely to be
influenced by the intervention)
Educationa materid (leeflets, videos, mediafor avariety of sub-groups)
Written reminders (benefits of multiple reminders and style of invitation)
Advertising campaigns (press, televison and radio)
Use of Educators
Peer education (particularly for teenagers)
Dissamination points.

O O0OO0OO0OO0Oo

Economic evauation:
Monitor attendance rates geographicaly and for different moddlities
Edimate initid levels of diabetic retinopathy
Edtimate net effect upon both referrals and treatments for digbetic retinopathy
Edtimate net effect upon both referrds and treatment for MO
Estimate net effect upon registered blind within diabetic population.
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10 RECOMMENDATIONSFOR THE NATIONAL SCREENING PROGRAMME
FOR DIABETIC RETINOPATHY

In designing the national screening service for diabetic retinopathy in Scotland the best
current data on clinical effectiveness and economic aspects have been taken into account.
Equally important, however, has been the considerations of patient preferences and
organisationd issues. Giving these factors gppropriate weight has resulted in
recommendations that differ sgnificantly from previous Hedlth Technology Assessments of
diabetic retinopathy screening.

Section 10.1 of this chapter explains how evidence from these different areas was combined
to determine the main clinical components of the proposed screening service. Section 10.2
covers structural components of the service.

10.1 Technical components of the screening service

The primary screening method will use non-mydriatic, digital retinal cameras and
imageswill be graded by staff trained and specialisng in thistask. Thedinicd
effectiveness data show thet thisis a sengtive and specific method with acceptable rates of
technicd falure. Digitd imaging is overwhemingly preferred to other imaging methods
because it dlows transmission of images and storage for quality control and review purposes.

A single image of the macula with a 45-50 degree angle of view is sufficient for screening
purposes. New clinica evidence has shown that one digital image per eye provides Smilar
Screening accuracy to two images. Although asingle study cannot provide complete

confidence this study represents the strongest available evidence. In combination with issues
related to mydriass (below) this study shows that the balance of current evidence favours a
sngleimage. The storage capacity and processing times for Sngle images are lower than

those for multiple images.

Mydriasis should not be used unless clear evidence existsthat an image of adequate
quality cannot be obtained in a particular patient without it. Thisevidence may either
be a current technical screening failure or past screening history. Inthelatter casethe
necessity for mydriasis should be taken into account when planning the screen. Clinicd
evidence shows that mydriasisis unnecessary in the mgority of patientsto obtain asingle

retind image. Patient preference reveds that mydriasis is uncomfortable and inconvenient

and may increase the probability of non-attendance for screening. The cost per patient of
non-mydriatic screening is less than that for mydriatic screening.

If non-mydriatic retinal screening failsthen digital photography with mydriasis should
be offered immediately or arranged. If thisalso failsthen examination using a
biomicroscope should be offered or arranged. The use of digita photogragphy will dlow a
trained operator to make an immediate decision regarding the adequacy of the image.
Fdlback methods of screening are essentid to dlow for technicd falure of non-mydriatic

digita photography.

Theretinopathy grading sysstem must be clearly defined and consistently applied. A
standard grading nomenclature for diabetic retinopathy is essentiad for consistent grading, for
internal and externa quality assurance purposes, for ease of exchange of data between clinical
information systems, and for agreement on referral thresholds. Quality assurance requires
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that grading decisions can be independently vaidated and this requires a uniform grading
system. A system based on single retind images adapted from the CRAG grading system is
recommended. Grading can be performed by any suitably trained and accredited individual.

10.2 Structural components of the screening service

Diabetic retinopathy screening should be or ganised with robust quality assurance and
fully integrated with routine diabetes care.

A national coordinating centre should be established. Certain festures of the service will
require coordination across NHS Boards. In the implementation phase clear guidance is
required on the aims and objectives of the programme and the quaity standards required for
individual components of the programme and for the programme as awhole. On a continuing
bass qudity assurance and higher level grading could be done at a nationd leve to ensure
efficient use of trained gaff, condstent standards, and minimisation of the burden on loca
ophthalmology services. Research into service improvements should aso be commissioned
and coordinated centrally.

Six to ten regional screening offices should be established, linked to the national
coordinating centre and each NHS Boar d to facilitate local delivery of the screening,
within the national framework.

Each NHS Board will beresponsiblefor ensuring its participation in the national
programme. Named individuals should be identified to lead the processlocally:
addressing the best appr oach to meet local access needs but using technologies and
system organisation that fits within the national programme. The HTBS economic
evauation dlows NHS Boards to make judgements about the optimal modalities for its area
(hospital based, van or optometrist) and provides guidance on staffing issues to be considered
localy, within aframework that provides clear guidance about the form of technology to be
used (digita retina cameras, IT, €c).

A variety of educational materials should be used to inform people with diabetes about

the retinopathy screening programme and patient prefer ences should be dicited to
determine barriersto screening attendance.

94



Assessment Report 3: Draft for Consultation

11 ACKNOWLEDGEMENTS

HTBSisgrateful to al members of the Topic Specific Group (Appendix 1) who have given
their precious time (mainly a weekends and evenings!) to contribute constructively to the
gppraisa of the evidence and the writing of this report.

The specia advisers (Appendix 1) are thanked for reading early drafts of the report at atime
when the conclusions were not entirely clear and the formatting made the large tome
extremdy difficult to read. Ther views have improved the report and will be worked on

further during open consultation.

95



Assessment Report 3: Draft for Consultation

12 REFERENCES
12.1 References (referred toin thetext)

Armstrong M. 2001. The Scottish Diabetic Framework. Presented at: Diabetes in Scotland.
Polmont, March 14 2001.

Audit Commisson. 2000. Testing times: a review of diabetes services in England and Wales.
Abingdon: Audit Commisson Publications.

Bachmann MO and Nelson S. 1996. Screening for diabetic retinopathy: a quantitative
overview of the evidence, applied to the populations of health authorities and boards. Brigtol:
Hedlth Care Evauation Unit, Department of Socia Medicine, University of Brigtol.

Bachmann MO and Nelson SJ. 1998. Impact of diabetic retinopathy screening on a British
district population: case detection and blindness prevention in an evidence-based mode. J
Epidemiol Community Health, 52(1), pp.45-52.

Basch CE, Walker EA, Howard CJ et a. 1999. The effect of health education on the rate of
ophthalmic examinations among African Americans with diabetes melitus Am J Public
Health, 89(12), pp.1878-1882.

Basu A, Kama AD, lllahi W et d. 2001. Comparative study of 4AMB v 1IMB image capture
and 4 levels of image compression in digitd retinopathy screening. Diabet Med, 18(Suppl.2),
p.107.

Baumd CR and Puliafito CA. 2000. Evaluation of the retina with the Optos Panoramic200
non-mydriatic retinal imaging system [Poster, promotional material].

Blankenship G. 1991. Fifteenyear argon laser and xenon photocoagulation results of Bascom
Pdmer Eye Indtitute's patients participating in the diabetic retinopathy study. Ophthal mol ogy,
98(2), pp.125-128.

Briggs AH and O'Brien BJ. 2001. The degth of cost minimisation analyss? Health Econ, 10,
pp.179-184.

British Diabetic Association. 1997. Practical guidance: initiating a district optometry
screening programme for diabetic eye disease. London: British Diabetic Association.

British Diabetic Association. 1997. Retinal photography screening for diabetic eye disease.
London: British Diabetic Association.

British Diabetic Association. 1997. Diabetes and your eyes. London: British Diabetic
Asociation.

British Medica Association and the Roya Pharmaceutical Society of Greet Britain. 2001.
British National Formulary. Vol .41. London: BMA; Roya Pharmaceutica Society of Greet
Britain.

Brooks RJ, Legorreta AP and Silver AL et d. 1996. Implementing guidelines for eye care of
diabetic patients. results of an HMO intervention study. Am J Manag Care, 2, pp.365-369.

96



Assessment Report 3: Draft for Consultation

Brown GC, Brown MM and Sharma S. 2000. How often should patients with diabetes be
screened for retinopathy? [l etter; comment]. JAMA, 284(4), p.438.

Burnett S, Hurwitz B, Davey C et d. 1998. The implementation of prompted retina screening
for diabetic eye disease by accredited optometristsin an inner-city didtrict of north London: A
quality of care study. Diabet Med, 15(Suppl.3), pp.S38-43.

Buxton MJ, Sculpher MJ, Ferguson BA et a. 1991. Screening for treatable diabetic
retinopathy: a comparison of different methods. Diabet Med, 8, pp.371-377.

Checkland P. 1999. Systems thinking, systems practice. Chichester: John Wiley and Sons Ltd.

Clinical Standards Board for Scotland. 2001. CSBS Standard for diabetes [ draft] . Edinburgh:
Clinicd Standards Board for Scotland.

Common Services Agency, Information and Statistics Division (ISD). 2000. Scottish Health
Statistics 2000. Edinburgh: Common Services Agency.

Corabian P and Hargtall C. 2001. Patient diabetes education in the management of adult type
2 diabetes. Edmonton, Alberta: Alberta Heritage Foundation for Medica Research. (HTA
23).

Cormack TGM, Grant B, Macdonald MJ et a. 2001. Incidence of blindness due to diabetic
eye disease in Fife 1990-9. Br J Ophthalmoal, 85, pp.354-356.

CrijnsH, Casparie AF and Hendrikse F. 1999. Continuous computer smulation analyss of
the cost- effectiveness of screening and treating diabetic retinopathy. Int J Technol Assess
Health Care, 15(1), pp.198-206.

Dasbach EJ, Fryback DG, Newcomb PA et a. 1991. Cost-€effectiveness of strategies for
detecting diabetic retinopathy. Med Care, 29(1), pp.20-39.

Davies R, Sullivan P and Canning C. 1996. Simulation of diabetic eye disease to compare
screening policies. Br J Ophthalmol, 80, pp.945-950.

Department of Health. 1998. A first-class service. London: Stationery Office,

Early Treatment of Diabetic Retinopathy Study Group. 1985. Photocoagulation for diabetic
macular edema: early trestment diabetic retinopathy study. Arch Ophthalmol, 103(12),
pp.1796-1806.

Ege BM, Hejlesen OK, Larsen OV et d. 2000. Screening for diabetic retinopathy using
computer based image andyss and Satidtica classfication. Comput Methods Programs
Biomed, 62, pp.165-175.

European Commission. 1995. Council Directive 95/46/EC of 24 October 1995 on the
protection of individuals with regard to the processing of personal data and on the free
movement of such data. (Official Journa L 281 No. 395L.0046, 23 November).

Evans IMM, Hewton RW, Ruta DA et a. 2000. Socio-economic status, obesity and
prevalence of type 1 and type 2 diabetes mdllitus. Diabet Med, 17, pp.478-480.

97



Assessment Report 3: Draft for Consultation

Fendrick AM, Javitt JC and Chiang Y P. 1992. Cost-effectiveness of the screening and
trestment of diabetic retinopathy: what are the costs of underutilization? Int J Technol Assess
Health Care, 8(4), pp.694-707.

Forrest RD, Jackson CA and Y udkin JS. 1986. Glucose intolerance and hypertension in North
London: the Idington diabetes survey. Diabet Med, 3, pp.338-342.

Forrest RD, Jackson CA and Yudkin JS. 1987. Screening for treatable diabetic retinopathy: a
comparison of different methods. Diabetes Res, 5, pp.39-42.

Fraser A. 2000. Scottish breast screening programme. South East Scotland. Report on mobile
unit located at Craigroyston Community Centre [ Internal report].

Garvican L, Clowes Jand Gillow T. 2000. Preservation of sight in digbetes: developing a
nationa risk reduction programme. Diabet Med, 17(9), pp.627-634.

Gibbons RL, KinsdlaF, Young Set d. 1994. Screening for diabetic retinopathy in genera
practice usng 35 mm colour trangparency funda photographs. Practical Diabetes, 11,
pp.203-206.

Gibbons RL, Owens DR, Allen JC et d. 1998. Practica application of the European Field
Guide in screening for digbetic retinopathy by using ophthamoscopy and 35 mm retina
dides. Diabetologia, 41, pp.59-64.

Gray SM, Bryson A and Sommerfield AJ. 1998. The TIDES project. Dissertation submitted
for Find Honours Degree in Biomedica Science, University of Glasgow. Glasgow:
University of Glasgow.

Gresat Britain. 1998. Data Protection Act 1998. London: The Stationery Office.

Grester Glasgow Heslth Board. 1998. Breast screening advertising campaign: March - April
1997. Final draft.

Grimshaw G, Baker R, Thompson J et a. 2001. Interventions for improving coverage of
screening schemes for diabetic retinopathy (Protocol for a Cochrane Review). In: The
Cochrane Library, Issue 3, 2001. Oxford: Update Software.

Grimshaw GM, Baker R, Wilson AD et d. 1999. Report of the inter-college audit of diabetic
retinopathy screening schemes. Leicester: Clinical Governance Research & Development
Unit, Leicester University.

Habert RJ, Leung KM, Nichol M et d. 1999. Effect of multiple patient remindersin
improving diabetic retinopathy screening - arandomized trid. Diabetes Care, 22(5), pp.752-
755.

Harbour R and Miller J. 2001. A new systems for grading recommendations in evidence
based guiddines. BMJ, 323, pp.334-336.

Harding SP, Broadbent DM, Neoh C et d. 1995. Sengtivity and specificity of photography

and direct ophthadmoscopy in screening for Sght threatening eye disease: the Liverpool
diabetic eye study. BMJ, 311, pp.1131-1135.

98



Assessment Report 3: Draft for Consultation

Health Technology Board for Scotland. 2001. Criteria and process for selection of topics to
undergo Health Technology Assessment. Glasgow: Hedlth Technology Board for Scotland.

Hipwel JH, Strachan FS, Olson JA et d. 2000. Automated detection of microaneurysmsin
digitd red-free photographs: a diabetic retinopathy screening tool. Diabet Med, 17, pp.588-
594.

Hoskins HD, Jr. 2000. How often should patients with diabetes be screened for retinopathy?
[letter; comment]. JAMA, 284(4), pp.438-439.

Hutchinson A, Mclntosh A, Peters J et d. 2000. Effectiveness of screening and monitoring
testsfor diabetic retinopathy - a systematic review. Diabet Med, 17(7), pp.495-506.

INAHTA. 2001. INAHTA. International Network of Agencies for Health Technology
Assessment: global networking for effective healthcare. Stockholm: INAHTA.

James M, Turner D, Broadbent DM et a. 2000. Cost effectiveness analysis of screening for
sight threatening diabetic eye disease. BMJ, 320, pp.1627-1631.

Javitt JC, Canner JK and Sommer A. 1989. Cost effectiveness of current gpproachesto the
control of retinopathy in type | diabetics. Ophthalmology, 96(2), pp.255-264.

Javitt JC, Aidlo LP, Bass LJet d. 1991. Detecting and treating retinopathy in patients with
type | diabetes mdlitus. Savings associated with improved implementation of current
guiddlines. American Academy of Ophthamology. Ophthalmology, 98(10), pp.1565-1573.

Javitt JC, Lloyd P, Chang Y et d. 1994. Preventive eye care in people with diabetesis cost-
saving to the federad government. Implications for hedth-care reform. Diabetes Care, 17(8),
pp.909-917.

Javitt JC. 1995. Cost savings associated with detection and trestment of diabetic eye disease.
Pharmacoeconomics, 8(Suppl.1), pp.33-39.

Javitt JC, Aidlo LP and Lloyd P. 1996. Cost- effectiveness of detecting and treating diabetic
retinopathy [letter]. Ann Intern Med, 125(11), pp.939.

Jude EB, Ryan B, O'Leary BM et d. 1998. Pupillary dilatation and driving in digbetic
patients. Diabet Med, 15(2), pp.143-147.

Kinyoun JL, Martin DC, Fyimoto WY et d. 1992. Ophthalmoscopy versus fundus
photographs for detecting and grading diabetic retinopathy. Invest Opthalmol Vis i, 33(6),
pp.1888-1893.

Klein R, Klein BEK, Neider MW et d. 1985. Diabetic retinopathy as detected using
ophthamoscopy, a nonmydriatic camera and a standard fundus camera. Ophthalmology, 92,
pp.485-491.

Klen R, Meuer SM, Moss SE et d. 1992. Detection of Drusen and early signs of age-related
meaculopathy usng anonmydriatic camera and a tandard fundus camera. Ophthal mology,
99(11), pp.1686-1692.

99



Assessment Report 3: Draft for Consultation

Kleingtein RN, Roseman JM, Herman WH et d. 1987. Detection of diabetic retinopathy by
optometrists. J Am Optom Assoc, 58, pp.879-882.

Lairson DR, Pugh JA, Kapadia AS et a. 1992. Cost-effectiveness of dternative methods for
diabetic retinopathy screening. Diabetes Care, 15(10), pp.1369-1377.

Lambert M, Javitt JC and Aidllo LP. 1996. Cost-€ffectiveness of detecting and tregting
diabetic retinopathy [letter]. Ann Intern Med, 125(11), p.939.

Lee SC, LeeET, Kingdey RM et d. 2001. Comparison of diagnods of early retind lesions of
diabetic retinopathy between a computer system and human experts. Arch Ophthalmol, 119,
pp.509-515.

Lee SJ, McCarty CA, Sicari C et d. 2000. Recruitment methods for community-based
screening for diabetic retinopathy. Ophthalmic Epidemiol, 7(3), pp.209-218.

Leese G. 2001. Validation of Retinal Photography for Diabetic Eye Disease [Research
protocol].

Leese GP, Tesfaye S, Dengler-HarlesM et d. 1997. Screening for diabetic eye disease by
optometrists usng dit lamps. J R Coll Physicians Lond, 31(1), pp.65-69.

Legorreta AP, Hasan MM, Peters AL et d. 1997. An intervention for enhancing compliance
with screening recommendations for diabetic retinopathy: a bicoastal experience. Diabetes
Care, 20(4), pp.520-523.

Lienert RT. 1989. Inter-observer comparisons of ophtha moscopic assessment of diabetic
retinopathy. Aust N Z J Ophthalmol, 17, pp.363-368.

Livingston PM, McCarty CA, Woods CA et d. 1998. Use of focus groups to identify health
promotion strategies for the early detection of diabetic retinopathy. Aust N Z J Public Health,
22(2), pp.220-222.

Mélanby A and Milne R. 1999. Reducing the interval for diabetic retinal screening.
Southampton: Wessex Ingtitute for Health Research and Development. (DEC Report No.

107).

Moss SE, Klein R, Kesder SD et d. 1985. Comparison between ophthamoscopy and fundus
photography in determining severity of diabetic retinopathy. Ophthalmology, 92(1), pp.62-67.

Nationd Hedth Sarvice in Scotland.Information and Statistics Division. 2000. Health Service
Costs. Edinburgh: Common Services Agency.

Nationa Ingtitute for Clinical Excellence (NICE). 2001. Clinical guidelines for Type 2
diabetes: Diabetic retinopathy: early management and screening. [ Final Draft].

Newson RSB, Clover A, Costen MTJ et d. 2001. Effect of digital image compression on
screening for diabetic retinopathy. Br J Ophthalmol, 85, pp.799-802.

NHS Centre for Reviews and Dissemination. 1999. Complications of diabetes. screening for
retinopathy. Management of foot ulcers. York: NHS Centre for Reviews and Dissemination,
University of York. (Effective Hedth Care Bulletin No.5(4)).

100



Assessment Report 3: Draft for Consultation

O'Hare JP, Hopper A, Madhaven C et d. 1996. Adding retinal photography to screening for
diabetic retinopathy - a prospective study in primary care. BMJ, 312(7032), pp.679-682.

Olson JA, Strachan FS, Hipwell JH et d. The value of digital imaging compared with retinal
photography and dlit-lamp bio-microscopy by trained optometrists in screening for diabetic
retinopathy: the Aberdeen diabetic eye study [ personal communication]. [Unpublished].

Optos plc. 2001. Optomap: ultra widefield retinal imaging [product brochure].

Pamer AJ, Weiss C, Sendi PP et al. 2000. The cost-effectiveness of different management
srategies for Type | diabetes: a Swiss perspective. Diabetologia, 43, pp.13-26.

Pandit RJand Taylor R. 2000. Mydriasis and glaucoma: exploding the myth. A systematic
review. Diabet Med, 17(10), pp.693-699.

Penman AD, Saddine JB, Hegazy M et d. 1998. Screening for diabetic retinopathy: the utility
of nonmydriatic retind photogragphy in Egyptian adults. Diabet Med, 15, pp.783-787.

PrdaCM, Smilie JG, Mclnerney MJ et a. 2000. Direct mail intervention to increase retina
examination ratesin Medicare beneficiaries with diabetes. Am J Med Qual, 15(6), pp.257-
262.

Pugh JA, Jacobson JM, Van Heuven WAJ et a. 1993. Screening for diabetic retinopathy: the
wide-angle retina camera. Diabetes Care, 16(6), pp.889-895.

Reenders K, deNobd E, van den Hoogen H et . 1992. Screening for diabetic retinopathy by
generd practitioners. Scand J Prim Health Care, 10, pp.306-309.

RPSGB Diabetes Task Force. 2001. Practical guidance for community pharmacists on the
care of people with diabetes. London: Roya Pharmaceutica Society of Greet Britain.

Ryder REJ, Close CF, Krentz AJ et al. 1998. A 'fail-saf€ screening programme for diabetic
retinopathy. J R Coll Physicians Lond, 32, pp.134-137.

Schachat AP, Hyman L, Leske MC et d. 1993. Comparison of diabetic-retinopathy detection
by dinical examinations and photgraph gradings. Arch Ophthalmol, 111(8), pp.1064-1070.

Scottish Cervica Screening Programme. 2000. Report on the quality improvement review of
cervical screening call-recall arrangements in Scotland. Edinburgh: Scottish Executive
Hedlth Department.

Scottish Diabetes Framework Working Group. 2001. Scottish Diabetes Framework:
consultation paper. Edinburgh: Scottish Executive Health Department.

Scottish Executive. 1999. Deacon calls for end to culture of blame in NHS [press release].
SE1399/1999, 22 November. Edinburgh: Scottish Executive.

Scottish Executive Health Department. 1998. Guidance on Clinical Governance. NHS
MEL (1998)75, 27 November. Edinburgh: Scottish Executive Hedth Department.

101



Assessment Report 3: Draft for Consultation

Scottish Executive Health Department. 1999. Guidance on Scottish breast and cervical
screening programmes. NHS MEL (1999)82, 14 December. Edinburgh: Scottish Executive
Hedth Department.

Scottish Executive Hedth Department. 1999. Introduction of managed clinical networks
within the NHSin Scotland. NHS MEL (1999)10, 9 February. Edinburgh: Scottish Executive
Hedth Department.

Scottish Executive Hedth Department Clinica Resource and Audit Group. 2000. A report by
the working group on I T to support shared care in diabetes. Edinburgh: Clinical Resource
and Audit Group.

Scottish Executive Health Department. 2000. Scottish diabetes survey. HDL(2000)12, 28
September. Edinburgh: Scottish Executive Health Department.

Scottish Executive Hedlth Department. 2000. Our National Health: a plan for action, a plan
for change. Edinburgh: The Stationery Office.

Scottish Executive Hedth Department. 2000. Clinical negligence and other risks indemnity
scheme (CNORIS). MEL (2000)02, 11 August. Edinburgh: Scottish Executive Hedlth

Department.

Scottish Executive Hedlth Department. 2001. Rebuilding our National Health Service
Guidance to NHS Chairs and Chief Executives for implementing Our National Health: a plan
for action, a plan for change. Edinburgh: Scottish Executive Hedth Department.

Scottish Intercollegiate Guidelines Network (SIGN). 2001. Management of diabetes. a
national clinical guideline. Edinburgh: SIGN. (SIGN publication no. 55).

Sculpher MJ, Buxton MJ, Ferguson BA et d. 1991. A relative cost-effectiveness andlys's of
different methods of screening for diabetic retinopathy. Diabet Med, 8(7), pp.644-650.

Sculpher MJ. 1992. Screening for diabetic retinopathy: arelative cost-effectiveness andyss
of dternative moddities and srategies. Health Econ, 1, pp.39-51.

Simmons D, Williams DRR and Powe | MJ. 1991. The Coventry diabetes study: prevaence
of diabetes and impaired glucose tolerance in Europids and Adans. Quarterly Journal of
Medicine, New Series, 81(296), pp.1021-1030.

S Vincent Joint Task Force for Diabetes. 1995. The Report [ Second report of the St Vincent
Joint Task Force for Diabetes] . London: Department of Hedlth; British Diabetic Association.

Taylor DJ, Fisher J, Jacob Jet d. 1999. The use of digital camerasin amobileretina
screening environment. Diabet Med, 16, pp.680-686.

Taylor R. 1996. Practical community screening for diabetic retinopathy using the mobile
retind camera: report of a12 centre sudy. Diabet Med, 13(11), pp.946-952.

The College of Optometrists. 2001. Clinical audit framework for optometric practice.
London: College of Optometrists.

102



Assessment Report 3: Draft for Consultation

The Confidentiality and Security Advisory Group for Scotland. 2001. Protecting patient
confidentiality: a consultation paper. Edinburgh: The Stationery Office.

The European Agency for the Evauation of Medicina Products Committee for Proprietary
Medicina Products. 2000. Points to consider on the evaluation of diagnostic agents [draft].
London: The European Agency for the Evauation of Medicina Products.
(CPMP/EWP/1119/98).

The Royd College of Ophthamologists. 1997. Guidelines for diabetic retinopathy. London:
Royd College of Ophthdmologists.

The Scottish Office. 1998. Acute services review report. Edinburgh: The Scottish Office.

UK Nationa Screening Committee (UK NSC). 2000. Preservation of sight in diabetes: a
national risk reduction programme: Advisory Panel final report to the UK National Screening
Committee. Avallable from Internet <URL: www.diabetic- retinopathy.screening.nhs.uk/

[accessed June- September 2001].

Van der Kar W, van der Velden HGM, van Wed C et d. 1990. Diagnosing diabetic
retinopathy by genera practitioners and by hospital physician. Scand J Prim Health Care, 8,
pp.19-23.

Vijan S, Hofer TP and Hayward RA. 2000. Cogt- utility andyss of screening intervals for
digbetic retinopathy in patients with type 2 diabetes mdlitus. JAMA, 283(7), pp.889-896.

WHO Regiona Office for Europe and International Diabetes Federation. 1989. Diabetes care
and research in Europe: the S Vincent Declaration. Diabetes Méllitus in Europe: a problem
for all agesin all countries, a model for prevention and self-care, 10-12 October 1989, &
Vincent (Aosta), Italy. Available from Internet <URL:
http:/Aww.who.dk/ch/quality/stvincent.htm [accessed June- September 2001].

Williams AS. 2001. Recommendations for desirable features of adaptive diabetes sdlf-care
equipment for visualy impaired persons: task force on adaptive diabetes for visudly impaired
persons. Diabetes Care, 17, pp.451-452.

Williams R, Nussey S, Humphrey et d. 1986. Assessment of non-mydriatic fundus
photography in detection of diabetic retinopathy. BMJ, 293, pp.1140-1142.

Zahimann G. 2001. TOSCA: Tele-Ophthalmological Services - Citizen-centred Applications.
Avallable from Internet <URL.: http://tosca.gsf.de> [Accessed September 2001].

12.2 Bibliography (Other submitted references, not directly cited)

Adab P. 1996. Screening for Sght threstening eye disease: cost effectiveness of screening
moddities must be determined [letter]. BMJ, 312(7028), p.440.

Agardh E, Algvere P, Alm A et d. 1993. Diabetic retinopathy - the value of early detection
[in Swedish with English Summary] . Stockholm: The Swedish Council on Technology
Assessment in Hedlth Care (SBU). (Report no. 117).

103



Assessment Report 3: Draft for Consultation
Aidlo LP, Gardner TW, King GL et d. 1998. Diabetic retinopathy. Diabetes Care,
21(Suppl.1), pp.SA7-49.

Aidlo LP, Gardner TW, King GL et d. 2000. Diabstic retinopathy. Diabetes Care,
23(Suppl.1), pp.S73-S76.

American Diabetes Association. 1995. Screening for diabetic retinopathy. Diabetes Care,
18(Suppl.1), pp.21-23.

American Diabetes Association. 2001. Diabetic retinopathy. Diabetes Care, 24(Suppl.1),
pp.S73-S76.

Anon. 1993. Public hedlth focus. prevention of blindness associated with digbetic retinopathy.
MMWR Morb Mortal WKly Rep, 42(10), pp.191-195.

Anon. 1995. Diabetes mellitus: education and preventive strategies have long-term gains.
Drugs and Therapy Perspectives, 6(3), pp.14-16.

Anon. 1997. Screening for diabetic retinopathy. Diabetes Care, (Suppl.1), pp.S28-S30.
Anon. 2000. Yearly eye test does not reduce blindnessrisk. J Natl Med Assoc, 92(4), p.Al14
Archer J. 2001. Fast track to patient satisfaction. Optician, 220(5764).

Banddlo F, PortaN and Brancato R. 1999. Diabetic retinopathy: are we redly doing dl we
can for our patients? Eur J Ophthalmol, 9(3), pp.155-157.

Borg MG. 1992. Diabetic retinopathy screening service. J Audiov Media Med, 15(1), pp.33-
37.

Boyle DIR. The delivery of diabetes care in Scotland: internet technology options for the
delivery of diabetes information [Unpublished].

Brailsford SC. 1998. Evauating Screening Policies for the Early Detection of Retinopathy in
Petients with Nort+Insulin Dependent Digbetes. Health Care Manag <ci, 1(2), pp.115-124.

Broadbent DM, Scott JA, Vora JP et d. 1999. Prevaence of diabetic eye disease in an inner
city population: the Liverpool Diabetic Eye Study. Eye, 13, pp.160-165.

Broadbent DM, Dixon SF, Harding SP et . 2000. Screening for diabetic retinopathy in
children; feesihility, cost and prevaence. The liverpool diabetic eye sudy [poster]. Invest
Opthalmol Vis i, 41(4).

Bron AJ. 1985. Screening for treatable diabetic retinopathy. BMJ, 290(6474), pp.1025-1026.

Brown GC, Sharma S, Brown MM et a. 2000. Utility vaues and age-related macular
degeneration. Arch Ophthalmol, 118(1), pp.47-51.

Brown MM, Brown GC, Sharma S et d. 1999. Utility values and diabetic retinopathy. Am J
Ophthalmol, 128 (3), pp.324-330.

104



Assessment Report 3: Draft for Consultation

Burns-Cox CJ and Hart JCD. 1985. Screening of diabetics for retinopathy by ophthamic
opticians. BMJ, 290(6474), pp.1052-1054.

Cassel GH and FerrisFL, 111. 1984. Site viditsin a multicenter ophthamic dlinicd trid.
Control Clin Trials, 5(3), pp.251-262.

Chang W and Henry BM. 1999. Early opportunistic screening was cost effectivein young
adults with type 2 diabetes [commentary on CDC Diabetes Cogt- Effectiveness Study Group.
The cogt-effectiveness of screening for type 2 diabetes. JAMA. 1998, 280(20):1757-63].
Evidence-Based Nursing, 2(3), p.91.

Clarke P, Gray A and Holman R. 2001. Assessing the effect of diabetes-related complications
on qudlity of life using data from the UK Prospective Digbetes Study (UKPDS) [abstract].
Diabetes, 50(Suppl.2).

Cohen M. 1995. Screening for diabetic retinopathy. Med J Aust, 163(4), pp.221-222.

Cook HL, Stanford MR and Marshall J. 1999. Reference standards in diabetic retinopathy
screening: which method is best? Lasers Light Ophthalmol, 9(1), pp.15-27.

Cooney MJ and Schachat AP. 1998. Screening for diabetic retinopathy. Int Ophthalmol Clin,
38(2), pp.111-122.

Crag BA, Fryback DG, Klein R et d. 1999. A Bayesan gpproach to moddling the naturd
history of a chronic condition from observations with intervention. Stat Med, 18(11), pp.1355-
1371.

Crijns H, Casparie AF and Hendrikse F. 1995. [Future need of eye care for patients with
diabetes mellitus, costs and effectiveness][in Dutch]. Ned Tijdschr Geneeskd, 139(26),
pp.1336-1341.

Dasbach E, Fryback DG, Newcomb PA et a. 1988. Cost- effectiveness of screening for
diabetic retinopathy. Med Decis Making, 8(4), p.327.

DelLevaA. 1996. Cost/benefits of intervention in pre-diabetes type | (insulin-dependent).
Diabetes Nutr Metab, 9(6), pp.315-318.

Department of Hedlth and Socid Security. 1986. Breast cancer screening: report to the
Health Ministers of England, Wales, Scotland & Northern Ireland by a working group
chaired by Professor Sr Patrick Forrest. London: HMSO.

Department of Hedth Socid Services & Public Safety Northern Ireland, The Nationa
Ass=mbly of Wales, The Scottish Executive et a. 2001. Second report of the UK National
Screening Committee. London: Department of Hedth.

Diabetes Control and Complications Trial Research Group. 1996. The absence of aglycemic
threshold for the development of long-term complications: the perspective of the Diabetes
Control and Complications Trid. Diabetes, 45(10), pp.1289-1298.

Donaghue KC, Fung ATW, Hing S et a. 1997. The effect of prepubertal diabetes duration on

diabetes: microvascular complicationsin early and late adolescence. Diabetes Care, 20(1),
pp.77-80.

105



Assessment Report 3: Draft for Consultation

Duffy AP, Barrett DK and Duggan MA. 2001. Report of the Ministerial Inquiry into the
under-reporting of cervical smear abnormalities in the Gisborne Region. Available from
Internet <URL.: http://www.cs.org.nz/report/download.htm [Accessed September 2001].

Eastman R. 1996. Cost- effectiveness of detecting and treating diabetic retinopathy...
commentary on Javitt JC and Aiello L. 1996. Ann Intern Med 124:164-9. Diabetes Spectrum,
9(3), pp.182-183.

EllisJD, Morris AD and MacEwen C. 1999. Should diabetic patients be screened for
glaucoma? Br J Ophthalmol, 83, pp.369-372.

Engelgau MM, Narayan KMV, Thompson TJ et d. 1998. The cost- effectiveness of screening
for type 2 diabetes. JAMA, 280(20), pp.1757-1763.

European Association for the Study of Diabetic Eye Complications (EASDEC). 2001.
Screening for diabetic retinopathy, a comprehensive review. Available from Internet <URL:
http://medweb.bham.ac.uk> [ Accessed September 2001].

Evans MMM, Newton RW, Ruta DA et d. 1999. Frequency of blood glucose monitoring in
relaion to glycaemic control: observationd study with diabetes database. BMJ, 319, pp.83-
86.

Evans IMM, MacDonad TM, Leese GP et a. 2000. Impact of type 1 and type 2 diabetes on
patterns and costs of drug prescribing. Diabetes Care, 23(6), pp.770-774.

Finlay R, Griffiths J, Jackson G et d. 1991. Can generd practitioners screen their own
patients for diabetic retinopathy. Health Trends, 23(3), pp.104-105.

Fong DS, Gottlieb J, Ferris FL et d. 2001. Understanding the value of diabetic retinopathy
screening. Arch Ophthalmol, 119(5), pp.758-760.

Forrest RD, Jackson CA and Yudkin JS. 1987. Screening for diabetic retinopathy -
comparison of anurse and a doctor with retina photography. Diabetes Res, 5, pp.39-42.

Foulds WS, McCuish A, Barrie T et a. 1983. Diabetic retinopathy in the West of Scotland: its
detection and prevaence, and the cost-effectiveness of a proposed screening programme.
Health Bull (Edinb), 41(6), pp.318-326.

Fowles B, McCoy CE and Rosheim KM. 2000. An intervention to increase eye screening for
people with diabetes [abstract]. Association for Health Services Research, 14(180), p.1800

Gillam SJ, Bdl M, Prasad M et d. 1995. Investigation of benefits and costs of an ophthamic
outreach clinic in generd practice. Br J Gen Pract, 45, pp.649-652.

Goddard M. 1990. Sght testing and the role of optometry. Y ork: Centre for Hedlth
Economics, University of York. (Discussion Paper 64).

Griffith SP, Freeman WL and Shaw CJ. 1994. Ophthamic examination in diabetes mellitus.
JAMA, 271(22), p.1745.

106



Assessment Report 3: Draft for Consultation

Gutierrez A and Asua J. 2000. Cogt-effectiveness of the non-mydriatic retind camera
[abstract]. Annual Meeting of International Society of Technology Assessment in Health Care,
13(128), pp.1288

Harding SP, Broadbent DM and Vora JP. 1996. Screening for sight threatening eye disease
[letter]. BMJ, 312, pp.440-441.

HarrisMI et d. 1987. Prevaence of diabetes and impaired glucose tolerance and plasma
glucose levelsin U.S. population aged 20-74 yr. Diabetes, 36, pp.523-534.

Harvey R. Grading nomenclature for diabetic retinopathy [Unpublished].

Herman WH. 1999. Economic analyses of digbetes interventions: rationde, principles,
findings, and interpretation. Endocrinologist, 9(2), pp.113-117.

Hickey-Dwyer M and Ellerby S. 1996. Screening for sight threstening eye disease:
caculation of sendtivity is mideading [letter]. BMJ, 312(7028), p.440

Hipwel JH, Strachan F, Olson JA et a. 2000. Automated detection of microaneurysmsin
digitd red-free photographs: a diabetic retinopathy screening tool. Diabet Med, 17, pp.588-
594.

Jacob J, Stead J, Sykes J et a. 1995. A report on the use of technician ophthal moscopy
combined with the use of the canon non-mydriatic camerain screening for digbetic
retinopathy in the community. Diabet Med, 12, pp.419-425.

James M and Little R. 2001. Diabetic retinopathy: report to the National Screening
Committee. Version 3. Kede Centre for Hedth Planning & Management, University of
Kedle.

Javitt JC, Canner XK, Frank RG et a. 1990. Detecting and treating retinopathy in patients with
type | diabetes melitus. A hedth policy modd. Ophthalmology, 97(4), pp.483-495.

Javitt JC. 1994. What is vision worth? The Oregon medicd approach. Arch Ophthalmol,
112(3), p.311

Javitt JC. 2000. How often should patients with diabetes be screened for retinopathy? [l etter;
comment]. JAMA, 284(4), pp.437-438.

Jeffreys DB et d. 1979. Facid flushing in disbetes. Lancet, 2(8153), p.1195.

Joannou J. 1996. Screening for diabetic retinopathy in South Africawith sixty degree retina
colour photography. J Intern Med, 239, pp.43-47.

Karagiannis A. 1996. Mobile retinal photography: ameans of screening for diabetic
retinopathy in Aborigina communities. Aust N Z J Ophthalmol, 24(4), pp.333-337.

KeinanenKiukaanniemi S, Ohinmaa A, Pgunpaa H et d. 1996. Hed th related qudlity of life
in digbetic patients measured by the Nottingham hedth profile. Diabet Med, 13(4), pp.382-
388.

107



Assessment Report 3: Draft for Consultation

Khaedi AA, Maitland H, Moloney A et d. 1999. 'Mild' diabetic retinopathy - afata disease.
Audit of eye screening and five year outcome of 203 people with diabetes: part 1 - eye
screening. Practical Diabetes International, 16(2), pp.35-37.

Klonoff DC and Schwartz DM. 2000. Technica review. An economic andys's of
interventions for diabetes. Diabetes Care, 23(3), pp.390-404.

Kohner EM. 1991. A protocol for screening for digbetic retinopathy in Europe. Diabet Med,
8(3), pp.263-267.

Kohner EM, Stratton IM, Aldington SJ et a. 2001. Relationship between the severity of
retinopathy and progression to photocoagulation in patients with Type 2 diabetes mdlitusin
the UKPDS (UKPDS 52). Diabet Med, 18(3), pp.178-184.

Lee SJ, McCarty CA, Taylor HR et a. 1999. Costs of providing adjunct eye care for people
with diabetes [poster]. Invest Opthalmol Vis Sci, 40(4), p.S697

Leese G. Validation of retinal photography for diabetic eye disease [research protocol]
[Unpublished].

Leese GP, Ahmed S, Newton RW et a. 1992. Use of mobile screening unit for diabetic
retinopathy in rura and urban areas. BMJ, 306(6871), pp.187-189.

MacCuish AC. 1993. Early detection and screening for diabetic retinopathy. Eye, 7(2),
pp.254-259.

Mason J and Drummond M. 1995. Screening for diabetic retinopathy by optometrists:
effectiveness and cost-effectiveness. Y ork: Centre for Hedlth Economics, University of York.
(CHE Discussion Paper No. 137).

Mason J, Drummond M and Woodward G. 1996. Optometrist screening for diabetic
retinopathy: Evidence and environment. Ophthalmic Physiol Opt, 16(4), pp.274-285.

Mason JM, Drummond MF and Woodward EG. 1996. Screening for diabetic retinopathy.
BMJ, 312(7028), p.441

Matz H, Falk M, Gottinger W et a. 1996. Cost-benefit analyss of diabetic eye disease.
Ophthalmologica, 210(6), pp.348-353.

Mélville A. 1999. Diabetes. On the evidence. Health Serv J, 109(5668), pp.32-33.

Méeville A, Richardson R, Mclntosh A et a. 2000. Complications of diabetes. screening for
retinopathy and management of foot ulcers. Qual Health Care, 9(2), pp.137-141.

MorrisAD, Boyle DIR, Macalpine R et d. 1997. The diabetes audit and research in Tayside
Scotland (darts) study: electronic record linkage to create a diabetes register. BMJ, 315(7107),
pp.524-528.

Morris AD, Boyle DIR, McMahon AD et d. 1997. ACE inhibitor useis associated with

hospitaization for savere hypoglycemiain patients with diabetes. Diabetes Care, 20(9),
pp.1363-1367.

108



Assessment Report 3: Draft for Consultation

MorrisAD, Boyle DIR, McMahon AD et d. 1997. Adherence to insulin trestment, glycaemic
control, and ketoacidodis in insulin-dependent diabetes mdlitus. The Lancet, 350, pp.1505-
1510.

MorrisAD, McAlpine R, Steinke D et a. 1998. Diabetes and |ower-limb amputationsin the
community. Diabetes Care, 21(5), pp.738-743.

Mukamel DB, Bresnick GH, Wang Q et a. 1999. Barriers to compliance with screening
guiddinesfor diabetic retinopathy. Ophthalmic Epidemiol, 6(1), pp.61-72.

Murphy C and Newton W. 2000. How frequently should patients with type 2 diabetes mellitus
be screened for retinopathy? J Fam Pract, 49(5), pp.395-396.

National Co-ordinating Network. 1989. NHS Cervical screening programme. Education and
training needs of programme managers. Oxford: National Co-ordinating Network.

Nationa Coordinating Centre for Hedlth Technology Assessment. 2001. To investigate the
cost effectiveness and acceptability of different methods of screening for sight threatening
diabetic retinopathy in the context of primary care group locality commissioning - primary
research (project) [unpublished].

NHS Cervicd Screening Programme: National Co-ordinating Network. 1994. Assuring the
guality and measuring the effectiveness of cervical screening. Oxford: National Co-ordinating
Network.

NHS Cervicd Screening Programme: Nationa Co-ordinating Network. 1994. Report of the
first five years of the NHS cervical screening programme Oxford: National Co-ordinating
Network.

OBrien JA, Shomphe L, Kavanagh P et al. 1998. Direct medica costs of complications
resulting from type 2 diabetesin the U.S. Diabetes Care, 21(7), pp.1122-1128.

Ohsawall. 1998. Cogt- utility andyss of detecting and treating diabetic retinopathy in diabetic
patients in Japan [abstract]. Med Decis Making, 18(4), p.481

Pdmer AJ, Weiss C, Brandt A et d. 2000. A new disease modeling concept: an example
comparing management strategies in sub-groups of type | diabetic patients [abstract]. Annual
Meeting of International Society of Technology Assessment in Health Care, 13, p.162.

Pandit RJand Taylor R. 2000. Mydriasis and glaucoma: exploding the myth. A systematic
review. [Review] [66 refs]. Diabet Med, 17(10), pp.693-699.

Parnaby-Price A. 1995. Screening for diabetic retinopathy. Adequate programme woud save
money. BMJ, 311(7014), pp.1229-1231.

Paterson K. 2001. HTBS assessment of services for diabetic retinopathy screening.
[Submitted by The Roya College of Physicians and Surgeons of Glasgow].

Peters CW, Greve MDJ, MacDonald IM et al. 2000. The cost effectiveness of

teleophthalmology using stereoscopic digita imaging to screen for diabetic retinopethy in
remote rural communities [poster]. Invest Opthalmol Vis Sci, 41(4).

109



Assessment Report 3: Draft for Consultation

Phillips CJ, Harper GAD, Waheed N et a. 1997. Screening for diabetic retinopathy: the costs
to patients - a pilot sudy. Practical Diabetes International, 14(5), pp.128-131.

PortaM. 1991. Emerging strategies for the prevention and trestment of diabetic eye disease.
Ann Ital Med Int, 6(4), pp.325-338.

PortaM. 1999. Comparison of the cost-effectiveness of three gpproaches to screening for and
treating Sight-threatening diabetic retinopathy. Diabetes Metab, 25, pp.44-53.

Rohan TE, Frost CD and Wald NJ. 1989. Prevention of blindness by screening for diabetic
retinopathy: a quantitative assessment. BMJ, 299(6709), pp.1198-1201.

Rosberger DF, Schachat AP, Bresder SB et d. 1998. Availability of color fundus
photographs from previous visit affects practice patterns for patients with diabetes mellitus.
Arch Ophthalmol, 116(12), pp.1607-1610.

Ryder B. 1995. Screening for diabetic retinopathy. BMJ, 311(6999), pp.207-208.

Scottish Health Purchasing Information Centre. 1996. Preventing blindness in diabetes:
executive summary. Aberdeen: Scottish Hedth Purchasing Information Centre.

Scottish Hedlth Purchasing Information Centre. 1997. Breast screening: factors which
influence attendance and strategies to increase uptake Aberdeen: Scottish Hedth Purchasing
Information Centre,

Sculpher MJ. 1989. An examination of the incremental cost-effectiveness of a screening
programme for disease detection: the case of treatable retinopathy. Uxbridge HERG, Brund
University. (Discussion Paper No. 7).

Sculpher MJ. 1991. Economic evaluation of various aternative modalities and strategiesin
screening for Sght-threatening diabetic retinopathy [abstract]. Theoretical Surgery, 5(3),
p.166.

Sculpher MJ. 1992. Screening for diabetic retinopathy: a review of available options.
Uxbridge: HERG, Brund University. (HERG Research Report No. 11).

Sculpher MJ and Buxton MJ. 1993. The private costs incurred when patients visit screening
clinics: the case of screening for breast cancer and for diabetic retinopathy. Uxbridge:
HERG, Brund University. (Discusson Paper No. 10).

Singer DE, Schachat A, Nathan DM et a. 1992. Screening guidelines for digbetic retinopathy.
American College of Physicians, American Diabetes Association, and American Academy of
Ophthamology. Ann Intern Med, 116(8), pp.683-685.

Singer DE, Nathan DM, Fogel HA et a. 1992. Screening for diabetic retinopathy. Ann Intern
Med, 116(8), pp.660-671.

Smith AF. 2000. The economic impact of diabetic retinopathy in the Canadian Province of
Nova Scotia 1993-1996. Invest Opthalmol Vis i, 41(4).

Smith AF. 2001. The economic impact of ophthalmic services for persons with diabetesin the
Canadian Province of Nova Scotia: 1993-1996. Ophthalmic Epidemiol, 8(1), pp.13-25.

110



Assessment Report 3: Draft for Consultation

Specia Medical Development Project Team. 1990. Diabetic retinopathy screening project:
special medical development at Exeter, Oxford and Sheffield. Uxbridge: HERG, Brunel
University. (HERG Research Report No. 8).

Steel M, Grant B, Cormack TGM et d. Characteristics of those registered blind as a result
of diabetes in Fife over a ten year period [Unpublished].

Suh DC. 1997. Diabetes mellitus disease management program: outcomes and cost-
effectiveness of diabetes treatment. Disease Management and Clinical Outcomes, 1(2), pp.47-
53.

Taylor DJ, Jacob JSH and Tooke JE. 2000. The integration of digital camera derived images
with a computer based diabetes register for usein retina screening. Comput Methods
Programs Biomed, 62(3), pp.157-163.

Taylor R, Broadbent DM, Greenwood R et d. 1998. Mobile retina screening in Britain.
Diabet Med, 15(4), pp.344-347.

Taysde Health Board. 2001. The mobile diabetic eye screening unit. Available from Internet
<URL.: http://Amww.diabetes- healthnet.ac.uk/eyehtm> [Accessed September 2001].

The College of Optometrists. 2000. Preservation of sight in diabetes. developing a risk
reduction programme. Response to the UK National Screening Committee. London: The
College of Optometrists.

The Roya College of Ophthamologists. 2001. HTBS assessment of services for diabetic
retinopathy screening [Submission].

The Royd College of Ophthamologists, The Royd College of Generd Prectitioners, The
Royd College of Physcians et d. 2001. Guidance for establishing a formal optometry
diabetes eye screening programme

The Royd College of Physcians and Surgeons of Glasgow. 2001. HTBS assessment of
services for diabetic retinopathy screening [Submisson].

The Scottish Office. 1995. Report of Working Party on Internal Quality Control for Cervical
Cytopathology Laboratories. Issued with NHS Circular MEL(1995)64. Edinburgh: Scottish
Executive Hedth Department.

Thompson CJ and Leese GP. 1995. The evaluation of mobile screening for diabetic
retinopathy. Scott Med J, 40(1), pp.5-7.

Van Newkirk MR. 1996. Blindness and microvascular complications of diabetes mellitus are
preventable. Hong Kong Med J, 2(4), p.424.

Vijan S, Hofer TP and Hayward RA. 1997. Screening intervas for diabetic retinopathy: Are
current guidelines judtifiable? [abstract]. J Investig Med, 45(7).

Vijan S, Stevens DL, Herman WH et d. 1997. Screening, prevention, counseling, and
trestment for the complications of type |1 digbetes mdlitus. Putting evidence into practice. J
Gen Intern Med, 12(9), pp.567-580.

111



Assessment Report 3: Draft for Consultation
Warburton T. 2000. Post-operative cataract care in the community: the patient's view.
Optometry Today - Optics Today, May 19.

Wareham NJ. 1993. Cost- effectiveness of dternative methods for diabetic retinopathy
screening [letter]. Diabetes Care, 16(5), p.844.

Waugh NR, Ellingford A and Scott SD. 1986. Screening for diabetic retinopathy: Options and
codt effectiveness. Practical Diabetes, 3(1), pp.30-31.

Waugh NR and O'Hare JP. 1996. Screening for diabetic retinopathy: true costs are different
from those given in paper. BMJ, 312(7047), pp.1670-1671.

Womerdey J. 1996. The public heath uses of the Scottish Community Hedlth Index (CHI). J
Public Health Med, 18(4), pp.465-472.

Yeo KT, Fan R and Yong V. 1993. Meeting the chalenge of diabetic blindnessin the 90's.
Sngapore Med J, 34(2), pp.128-130.

112



