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Executive Summary

Rates of diabetes and Diabetic Retinopathy (DR) amongst Indigenous Australians are considerably
higher than in mainstream Australia. Early DR detection facilitates sight-saving treatment. Therefore,
efficient and effective strategies for screening for DR in remote Indigenous communities are integral to
optimising management of this condition.

The aim of this systematic review was to examine the accuracy of screening methods for DR in all
healthcare settings, and examine the relevance of this information to the Australian Indigenous
context.

This report details all results of the systematic review, highlighting studies conducted in outreach
settings. The report also contains a statistical analysis of the relevance of screening accuracy findings
to the Australian Indigenous context. The key findings of the review are summarised below:

Eligible studies and study characteristics
e Sixty-two studies met inclusion criteria for the systematic review.

e Only nine of the sixty-two studies were conducted in outreach settings (findings from these
studies are described separately, and highlighted in bold and italicised in tables)

e The most frequently investigated screening methods investigated were camera-based
screening (n=33), a combination of camera and examination (n=15) and examination (n=11)

e The most frequent study locations were the UK (n=20) and the USA (n=17), with 1 — 3 studies
conducted in all other countries represented. Just over half (n=34) were published between
2001 — 2009

o A total of 13 different classification systems were used in defining the levels of DR, with the
majority using that of the ETDRS (n=16)

e Thirty-two studies (51.6%) did not explicitly define ‘referrable DR’ for the purpose of their
study.

o Twenty-six studies reported DR prevalence in their study sample. The mean prevalence of DR
(all levels) across these studies was 37.3% (range 9 - 83).

Screening methods

e The 62 included studies compared one (n=30), two (n=19) or three or more (n=13) screening
interventions against a gold standard. A total of 122 screening interventions were investigated

e The most frequently studied screening methods in terms of instrument and mydriatic status
were mydriatic fundoscopy (n=31), non-mydriatic digital camera (n=22), mydriatic digital
camera (n=16) and mydriatic film camera (n=10)

e Of the 87 screening methods involving photography, 32 photographed one field, 8
photographed two fields, 14 photographed three fields and five each photographed five, seven
and nine fields
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o Reference standards used to evaluate screening accuracy were dilated examination by an eye
specialist (n=39), seven-field mydriatic photography (n=16) and combination / multiple
reference standards (n=7).

Results: Sensitivity and Specificity and Kappa

o Forty-three studies reported measures of sensitivity / specificity, generating 197 sensitivity /
specificity measures

o Twenty studies measured Kappa, generating 103 Kappa measures

¢ Following re-classification of outcome categories from various classification systems using the
International Clinical DR Severity Scale (see Methods), a total of 25 outcome categories for
sensitivity / specificity and kappa measures were identified

e Only three outcome categories generated over 20 sensitivity / specificity / kappa measures:
‘Any DR’ (40 Sensitivity / Specificity measures), ‘Moderate NPDR as a threshold’ (29
Sensitivity / Specificity measures) and ‘Agreement across a grading system’ (44 Kappa
measures). Mean kappa values were almost identical for mydriatic (0.65) and non-mydriatic
(0.64) measures.

Results: Statistical analysis of the relevance of screening accuracy findings to the Australian
Indigenous context

e Sensitivity to detect ‘Any DR’ was not influenced by variations in mydriatic status or imager
qualifications, either in isolation or in combination

e Mydriatic status did not significantly influence sensitivity to detect ‘Mod NPDR as a threshold’

e Variations in imager qualifications in isolation, and when combined with non-mydriatic
methods, yielded significant differences in sensitivity to detect ‘Mod NPDR as threshold’.
However this was based on one comparison group with only two data points. Furthermore, the
lower sensitivity values in these comparisons were in excess of the 60% threshold identified
by Javitt (1990) to be cost-effective and because they were also relatively high (80.4, 77.9),
this result may have limited clinical significance

e Use of mydriasis did not influence specificity to detect ‘Any DR’ but yielded significantly higher
specificity values for ‘Mod NPDR as threshold’

e Specialists yielded generally higher specificity values compared with non-specialists across
both outcomes. This means the false positive rate amongst the non-specialist imagers was
greater than for the specialists. Therefore, these differences would not be expected to result in
adverse patient outcomes as the consequences of inappropriate referral to a specialist are
less than those of missed cases of DR (as measured by sensitivity).

¢ In summary, this statistical analysis demonstrates that variations in two key characteristics of
‘outreach’ screening methods — mydriasis and imager qualifications — either have no
significant impact on sensitivity and specificity to detect ‘Any DR’ or ‘Moderate NPDR as
threshold’, or do not alter these measures of screening accuracy to a clinically significant
degree. The screening combinations used in ‘outreach’ settings such as the Australian
Indigenous setting are viable in terms of both screening accuracy and cost-effectiveness.
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Results: Reliability

e Only 10 studies reported inter-rater reliability. Across all methods, inter-rater comparisons and
outcomes, the mean kappa was 0.72 (range 0.34 — 1). Mean kappa values ranged from 0.60
(retinal specialist against grader; grader against grader) to 0.87 (retinal specialist against
retinal specialist)

e Only seven studies reported intra-rater reliability. Across all methods, raters and outcomes,
the mean kappa was 0.74 (range 0.43 — 0.97). For retinal specialists, the mean kappa across
a grading system was 0.84

Results: Image quality, patient satisfaction, time, cost and other outcomes

e Thirty-three studies, representing a total of 53 methods, reported data on image quality. Mean
ungradable image rates across studies for non-mydriatic cameras ranged from 8.1% - 16.6%;
these were generally higher than comparable means for mydriatic cameras (range 5.0% -
13.6%)

e Ten studies reported the time taken to screen for DR. Screening times ranged from three
minutes (direct fundoscopy, scanning laser) to 20 minutes (direct, indirect and slip lamp
fundoscopy). Screening times for camera-based methods were 4 — 10 minutes

e Seven studies provided some costing data. Estimated total screening costs have been
reported as follows:

o Mobile retinal screening using mydriatic 3-field film photography £22.70 per screen:
Harding (1995)

o Mobile retinal screening van using fundoscopy examination plus mydriatic 1-field
Polaroid photography: £12.50 per patient for photo (including capital replacement
costs); £1095 per patient saved from visual loss. Operational costs £35 000 for 3500
patients screened: O’'Hare (1996)

o Approximately £12,000 (film alone) for screening the whole Exeter community (300
000) using mydriatic 1-field photography (35mm photo plus polaroid photo): Taylor
(1999)

o £7.50 per patient using mydriatic polaroid photography (number of fields not reported)
plus fundoscopy (includes polaroid films, capital and maintenance costs, and salaries
of primary screener): Pandit (2002)

o Patient satisfaction with screening methods was reported by five of the 62 included studies.
Generally, patient satisfaction with digital cameras without pupil dilation was reported as high.
Based upon the reported data, discomfort arising from flash does not appear to vary according
to camera type; however clinical experience suggests that the lower flash intensity of digital
cameras (10% of the intensity of Polaroid) minimises the effect on short-term loss of vision
and pupil constriction and is much better accepted by patients.
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PROJECT OVERVIEW

Overcoming Indigenous Disadvantage, or ‘closing the gap’ in health, education, housing and other
key areas has been identified as a priority by the Australian Government, particularly in the last
decade (Australian Government Productivity Commission 2009).

The Australian National Indigenous Eye Health Survey reveals substantial challenges in closing the
gap in Indigenous Eye Health. Although vision loss is five times lower in Indigenous children than
mainstream children, the rate of blindness in Indigenous adults is six times higher than in the
mainstream (Taylor 2009).

Optimal prevention and treatment of Indigenous eye disease requires that practitioners and policy-
makers have ready access to up-to-date research evidence. Therefore, systematic reviews in two
priority topics in Indigenous Health were undertaken:

1. The effectiveness of various methods of screening for Diabetic Retinopathy

2. The effectiveness of oral Azithromycin in the management of Trachoma

The systematic review process involved:
1. Conducting a comprehensive search of literature addressing each question

2. Developing a taxonomy identifying key contextual features that may influence the application
of this evidence to the Australian Indigenous setting

3. Building an evidence map that classified the retrieved studies according to key screening
method and context characteristics identified in the taxonomy

4. Extracting, summarising and analysing the results of the identified studies

5. Describing the relevance of this information to Indigenous eye disease services and outlining
the need for further research relevant to the priority questions.

This report contains the results of the systematic review on the effectiveness of various methods of
screening for Diabetic Retinopathy.
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DIABETIC RETINOPATHY

Diabetic Retinopathy (DR) is a progressive eye disease that affects the retinal microvasculature,
resulting in an abnormal change in vascular permeability and proliferation of new, but fragile, blood
vessels. If left unmonitored, these pathologies can ultimately result in severe or permanent visual loss
(CERA 2001; Mitchell 2008; Williams 2004). Duration of diabetes has been shown to be a significant
and independent predictor of DR presence and severity (Lim 2008). The Wisconsin Epidemiology
Study of DR (Klein 1984) reported a 25% prevalence of DR (any severity) in Type 1 diabetic patients
5 years after diagnosis of diabetes. This rose sharply to 60% at 10 years and 80% at 15 years. The
prevalence of more severe Proliferative DR (PDR) was 0% at 3 years and 25% at 15 years. Similar
trends have been observed in other DR prevalence studies (Kristinsson 1994).

The worldwide prevalence of diabetes in the year 2000 was estimated at 171 million (2.8% of the
world’s population) and is projected to escalate to 366 million (4.4%) in 2030, largely as a result of an
increase in obesity prevalence and lack of physical exercise (Wild 2004). Studies from both Australia
and other countries underline this forecast. The Australian Diabetes, Obesity and Lifestyle Study
(AusDiab) surveyed 11, 247 Australians from 42 randomly selected regions and found a 7.4%
prevalence of diabetes; one of the highest figures in the developed world (Dunstan 2002). This finding
was mirrored by The Blue Mountains Eye Study (BMES), which reported a diabetes prevalence of
9.9%, of which 33.4% had diabetic retinopathy, in a survey of 3509 Australians (Cugati 2006).
Diabetes prevalence has recently been reported at 4.3% for UK (Gonzalez 2009) and 5.5% for USA
(CDC 2008). Diabetes prevalence is considerably higher in specific populations; the National
Indigenous Eye Health survey found that the prevalence of diabetes in Indigenous Australians has
increased markedly, from 0.03% in 1980 to 37.4%, and the rate of diabetic visual impairment was
13% (Taylor 2009); previous studies reported diabetes prevalence rates in this population ranging
11.6% to 20.7% (Daniel 2002; McDermott 2000). Therefore, DR, already the most common cause of
blindness in adults aged 20 — 74 (Fong 2004), is one of the major medical challenges of the first half
of this century.

DR is managed at two levels. First, the risk of developing DR is reduced by optimising diabetes
management via strict control of glycaemic levels, blood pressure and serum lipid levels (CERA 2001;
Klein 1988; Klein 2002; Matthews 2004; Mohamed 2007; Sinclair 2005). Second, once DR has
developed, laser treatment is clinically effective in delaying the progression of DR and vision loss by
sealing permeable blood vessels and destroying proliferative vessels (Hercules 1977). Numerous
randomised controlled trials (RCTs), including two large, multicentre trials, the Diabetic Retinopathy
Study (DRS) and the Early Treatment Diabetic Retinopathy Study (EDTRS), have demonstrated that
pan-retinal photocoagulation (PRP) results in a significant reduction in vision loss from PDR by at
least 50%. Furthermore, focal or grid laser photocoagulation was found to reduce moderate visual
loss from Clinically Significant Macular Oedema (CSME) also by at least 50%. In advanced cases of
DR, vitrectomy is another recognised DR treatment according to the 2008 National Health and
Medical Research Council (NHMRC) guidelines (Mitchell 2008).

As DR has few symptoms until the development of visual loss (Fong 2004), successful DR
management is highly dependent on regular DR screening to detect pathology prior to the
development of vision-threatening complications (Chabouis 2009). Recommended screening intervals
vary between countries. Guidelines from the USA and Europe recommend annual screening
(American Diabetes Association 2009; Royal College of Ophthalmologist 2005). Australian guidelines
recommend 2-yearly DR screening intervals except for Aboriginal and Torres Strait Islander peoples
for whom annual examination is recommended (Mitchell 2008; Mohamed 2007). The Australian
NHMRC guidelines (Mitchell 2008) also stress the need for testing visual acuity in addition to
screening for DR and referring a patient with abnormal results in either of these tests.

Some authors argue that screening intervals can be stretched to every 3 years, as the rate of
progression in requiring laser treatment is very low (Younis 2003), and therefore this is a cost-
effective strategy (Vijan 2000).
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However, regardless of recommended screening intervals, DR screening rates are poor in both
Australia and other countries. In a study of 3271 residents of Melbourne, Australia, The Melbourne
Visual Impairment Project (MVIP) reported that 34.2% of participants with diabetes, and 25% of
diabetics with diabetic retinopathy, had never seen an ophthalmologist (McCarty 1998). This parallels
the findings of another Australian study, which reported that 36% of diabetic patients had never had
an eye examination (McKay 2000). A US-based longitudinal analysis of Medicare claims data found
that only 50 — 60% of diabetics had annual eye examinations in a 15-month period, well short of
recommended screening rates (Lee 2003), while a Spanish study reported 37.2% of diabetics had
never had a fundus examination (Soto-Pedre 2008). Importantly, Soto-Pedre (2008) also found that
screening rates in the crucial first five years after diagnosis of diabetes were only 38.5%.
Furthermore, patients in racial/ethnic minorities and others with limited ability to access care are even
less likely to receive screening (Taylor 2007). Despite recommendations for annual eye screening of
diabetics, only 20% of diabetic Indigenous people had an eye examination in the year preceding the
National Indigenous Eye Health Survey (Taylor 2009).

In addition to identifying and addressing preventable vision loss from DR, increasing DR screening
compliance has considerable cost-effectiveness benefits. Mathematical modelling has demonstrated
that in Australia, increasing screening compliance from 30% to 80% would reduce screening costs
from approximately $193 million to $178 million per year (NHMRC 1997). Therefore, increasing
compliance with DR screening is a major priority in the management of this condition.

Dilated ophthalmological examination by a trained health professional (e.g. ophthalmologist) and
seven-standard field 30° photography of the fundus with a trained photographer and reader are the
two recognised DR screening techniques (Fong 2004; WHO 2006). However, the expected rise in the
diabetic population (Wild 2004) is running counter to the slower growth in the specialist eye doctors
required to perform these procedures (Porta 2008). These methods are also costly to both patients
(Mash 2007; Porta 2008) and third-party funders (Porta 2008) and patients report discomfort and
functional limitations arising from pharmacological mydriasis (Cavallerano 2005; Porta 2008).
Furthermore, patients in remote areas have difficulty in accessing the specialist infrastructure and
resources for these types of DR screening (Leese 1993; Taylor 1996). In order to sustainably
increase DR screening rates, simpler, cheaper and more portable screening methods are therefore
required.

This challenge, coupled with advances in imaging technology such as digital cameras, has stimulated
the development of a range of DR screening techniques. These include non-mydriatic retinal cameras
(Soto-Pedre 2008), variations in the number of imaging fields (Pugh 1993), use of non-specialist
fundus photographers (Porta 2008) and non-eye specialists to perform retinal examination (Verma
2003), telemedicine approaches (Chabouis 2009; Taylor 2007) and outreach services that bring
mobile screening to remote populations (Moss 1985).

The many possible combinations of these screening variables present a challenge to the
establishment of optimum DR screening methods. Therefore, the aim of this review was to examine
the effectiveness of various methods of DR screening, as compared to the two accepted reference
standards outlined above. Specifically, we also sought to evaluate the influence of various screening
variables such as use of mydriasis, type of screening instrument and training and qualifications of
imager and interpreter on screening accuracy.



SEARCH DESCRIPTION AND METHODOLOGY

An Information Specialist (AP) in consultation with other review authors developed search strings for
Diabetic Retinopathy screening. Search terms included both the databases’ taxonomy terms and
keywords for Diabetic Retinopathy, a range of screening terms specific to Diabetic Retinopathy (e.g.
‘photography’, ‘screening’, ‘telemedicine’) and generic terms designed to identify screening studies
(e.g. ‘sensitivity’, ‘predictive value’, ‘accuracy’). Six databases were searched; CINAHL (OVID; 1982 —
present), the Cochrane Library (Wiley; all available years), Embase (OVID; 1980 — present),
Indigenous Australia (Informit; all available years), Medline (OVID; 1950 — present) and RURAL
(Informit; all available years). Search strategies were tailored to each database. An example of a
search strategy is contained in Appendix 1. The electronic literature search was conducted in
September 2008 and updated in June 2009. Reference lists of relevant clinical guidelines and
literature reviews, either retrieved through electronic searching or known to review authors, were also
searched to identify further relevant citations.

STUDY SELECTION

Two review authors independently screened citations and full text articles against the inclusion criteria
outlined in Table 1:

Table 1: Inclusion / Exclusion criteria for review

Population Patients with Diabetic Retinopathy (any form or severity)
Patients at risk of Diabetic Retinopathy (i.e. with Diabetes)
If mixed population, over 50% in above categories OR subgroup analysis of DR
Rationale: DR is specific to diabetic populations therefore study samples for this
review should be predominantly diabetic patients
Screening Any screening method for DR, including mydriatic / non-mydriatic photography
Method and examination, at all provider skill levels

Rationale: The review was designed to examine the effectiveness of a broad
range of DR screening tests and the influence of provider skill level on test
effectiveness



Methods

Design All primary studies in which the main focus of the study was to evaluate the
effectiveness of a DR screening method were eligible for this review. The
method(s) under investigation must have been compared to one of the following
accepted reference standards for DR screening:

7 field mydriatic photography OR
Dilated fundal examination by an ophthalmologist, retinal specialist or equivalent

Rationale: The comparison of a screening method under investigation with an
appropriate reference standard is consistent with accepted principles of screening
studies (Greenhalgh 1997; Whiting 2003). The chosen reference standards are
widely accepted in the field of ophthalmology (Fong 2004; Mitchell 2008).

Primary Sensitivity, Specificity, Kappa of the method(s) under investigation compared to
Outcomes the reference standard.

Rationale: Sensitivity and Specificity are accepted measures of diagnostic test
accuracy (Jones 2009). Sensitivity is of particular importance given that accurate
identification of patients with this condition, for which there are known treatments
that prevent permanent vision loss, is a paramount clinical consideration. Kappa
statistics are particularly appropriate to categorical outcome data and inter-rater
comparisons (Landis 1977), both of which are inherent in DR screening.

Secondary Statistical tests of inter and intra-rater agreement
Outcomes )

Image quality

Patient satisfaction

Time

Cost

Rationale: Information regarding effectiveness of DR screening techniques needs
to be interpreted in the context of a range of effectiveness and reliability
measures as well as consideration of clinical applicability and feasibility

Exclusions Studies of automated analysis techniques and technologies: Rationale: Fully
automated screening techniques are not currently standard practice and these
emerging technologies were considered outside the scope of this review.

Cost-Effectiveness Analyses: Rationale: These were not primary studies but
mathematical models using data from primary studies. Such studies were
identified but not further analysed for review purposes.

Systematic Reviews: Rationale: Relevant systematic reviews were identified but
are not primary studies.

Non-English Studies: Rationale: Relevant non-English studies that may aid future
reviews of the topic were identified, but not included in the review due to the time
and other costs of translation.

Disagreements in study selection were resolved by either consensus between the screeners or,
where topic-specific knowledge was required to adjudge inclusion, an experienced ophthalmologist
(HT).



Methods

DATA EXTRACTION

A relational data extraction database was developed in Microsoft Access. Database items and
classification categories were developed with ophthalmologist input (HT) and involved consideration
of key contextual issues that may inform the transferability of research findings in this field, such as
geographical setting, the skill level of the provider and the portability and simplicity of the screening
technique. Data extraction was piloted using ten included studies and the resulting output tables used
to further refine database items and protocols.

The following data, where reported, were extracted from relevant studies:

e  Study Characteristics:

o Country, region and setting of study (e.g. hospital, rooms, outreach)

o Study design (classified based upon the revised Australian National Health and
Medical Research Council Hierarchy of Evidence framework (Coleman 2008)

o DR classification system used

o Study definition of ‘referrable’ DR (i.e. for immediate referral to / management by an
eye specialist)

o Number of patients / eyes

o Demographic characteristics (% male, age, type of diabetes mellitus (DM))

o Details of diabetes across sample (years a diabetic, diabetic management as
reflected by control of HbA1c, BP and lipids)

o DR severity in sample (as reflected by outcomes of screening using the reference
standard).

e Screening Methods (for each method under investigation as well as the reference standard):
o Screening method (camera-based method - digital / polaroid / film, make and model,
number and degree of fields taken, resolution / type of film; fundal examination
method - details of fundoscopy equipment and technique)
o Mydriasis (used / not used / used as required)
Location of screening (if camera, location of photo and interpretation)
o Qualifications and training of personnel involved in screening (if camera, imager as
well as interpreter of image).

@)

e Results:
o Sensitivity, Specificity, Kappa or other statistical measures of agreement (e.g.
correlation) between method(s) under investigation and reference standard
o Inter- and Intra-rater reliability measures (chance-corrected, for example Kappa, not
raw percentage agreements)
o Image quality, time, cost and patient satisfaction data.

Data extraction was shared between two reviewers experienced in use of Microsoft Access for this
purpose (PB, MC). Data extraction protocols, for example outlining commonly used abbreviations,
were developed and regularly updated. Approximately 10% of data were audited and appropriate
corrections to data and data extraction protocols made.

For the primary outcomes of interest, (Sensitivity, Specificity, and Kappa) data were classified using
Microsoft Excel by the Chief Investigator (PB) according to screening variables outlined in Table 2.



Methods

Table 2: Classification of Screening Variables

Screening Variable

Classification categories and definitions

Screening instrument Digital camera
Polaroid camera
Film camera
Examination
Scanning Laser Ophthalmoscope

Number of photo fields 1-9
Mydriasis Mydriatic
Non-Mydriatic
Mixed Mydriatic / Non-Mydriatic or Not Reported (NR)

Location of screening Static (private rooms, hospital department)
Outreach (the provision of portable infrastructure / personnel to enable a
DR screening service to be given to a population)

Imager Photographer / Technician (including grader)

Photographer / Technician + (mix of photographer / technician and qualified
healthcare professional)

Nurse

Optometrist

GP

Diabetologist

Retinal Specialist

Mixed (a mix of any of the above categories)
Not Reported (NR)

Not Applicable (NA) (exam)

Interpreter Retinal Specialist
Ophthalmologist
Trainee Ophthalmologist
Optometrist
Optician
Grader
Grader + (mix of grader and qualified healthcare professional)
Diabetologist / Endocrinologist
GP
Physician Assistant
Mixed (a mix of any of the above categories)
Not Reported (NR)
Not Applicable (NA) (exam)
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Methods

Due to variability in DR classification systems and protocols used across studies, a total of 59
different outcome categories were identified in studies measuring sensitivity and specificity. In order to
facilitate meaningful analysis of these data, these categories were re-classified according to their
equivalent level on the International Clinical Diabetic Retinopathy (ICDR) Disease Severity Scale
(American Academy of Ophthalmology 2002).

This scale was designed to enable clinically important DR grades to be identified by less experienced
screeners, therefore improving communication between the various health professions involved in DR
screening (Mitchell 2008). It also specifies the equivalence of the most frequently used DR
classification scale, the Early Treatment of Diabetic Retinopathy Severity Scale (ETDRS), to the
ICDR, as shown in Table 3.

Further references (Aldington 1995; Gibbins 1998) were consulted to ascertain the equivalence of
classification systems other than the ETDRS to the ICDR as required. Re-classifying outcome
categories using the ICDR reduced the number of outcome categories from 59 to 25 (see results).
The same method of re-classification was used for Kappa data.
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Methods

DATA ANALYSIS

Information regarding study characteristics, screening methods and all results other than the primary
outcomes (see below) was tabulated and narratively summarised, using basic summary statistics where

appropriate.

Details of statistical analysis of the relevance of screening accuracy findings to the Australian Indigenous
context are contained in the ‘Statistical Analysis of the Relevance of Screening Accuracy Findings to the

Australian Indigenous Context’ section.
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SEARCH AND SELECTION

Three-hundred and sixty three titles and abstracts were identified from electronic database and reference
list searching. Of these, 188 full-text articles were evaluated against the inclusion criteria and 62 studies
were eligible for this review. The most frequent reason for exclusion was lack of comparison of screening
method(s) to an accepted reference standard (n=59). A detailed description of search and selection

metrics is contained in Figure 1.

S 255 titles / abstracts identified 108 titles / abstracts identified
% through database searching through reference lists
3]
=
whd
dc, A 4 A 4
L) 299 titles / abstracts after duplicates removed
o)
£
c 299 titles / abstracts 111 titles / abstracts
g screened excluded
7]
w A 4
188 full-text articles | 126 full-text articles excluded:
E assessed for eligibility | 59: No reference standard
) 33: Did not meet other
f=2) X inclusion criteria
w o _ 14: Computerised method
62 stgdlgs |ncluded_|n 7: Non-English
qualitative synthesis . )
- 7: Cost-effectiveness studies
7] 6: Systematic Reviews
-g \4
©
£ 43 studies had measures of
Sensitivity / Specificity
20 studies had measures of
Kappa

Figure 1: Study Search and Selection (based upon PRISMA Flow Diagram (Moher 2009))
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Results - Evidence Map

EVIDENCE MAP OF SCREENING METHODS AND STuDY DESIGN

Table 4 categorises the eligible studies in terms of method under investigation, reference standard and
study design.

Only nine of the 62 eligible studies involved outreach methods, i.e. the provision of portable infrastructure
/ personnel to enable a DR screening service to be provided to a population.

Over half of the included studies (n=33), including two outreach studies, investigated exclusively camera-
based screening methods. Fifteen studies, including six in outreach settings, investigated a combination
of camera and examination-based methods. Eleven studies investigated only examination-based
methods. Two studies evaluated the effectiveness of the scanning laser ophthalmoscope and one study
was based upon optician report, with no further details of screening method.

Reference standards used were predominantly examination (n=35). Sixteen studies used a camera-
based method as a reference standard. One study used fluorescein angiography as a reference standard;
the remaining ten studies used various combinations of these three methods.

The predominant study design was case series (n=56), with three case-control and one each of RCT,
cohort and cross-sectional design.

Appendix 2 lists all included studies and identifies the primary outcomes (sensitivity / specificity, kappa)
measured in each study.

A number of reviews and primary studies related to the topic but not meeting the inclusion criteria were
also identified. These are summarised in Table 5 and all references listed in Appendix 3.
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Results - Evidence Map

Table 4: Diabetic Retinopathy: Screening Interventions and Reference Standards by Study Design

— ===
Method Under investigation Reference Standard RCT study control sectional S
study study
Camera Examination 15 1 14
Camera Camera 8 1 1 5
Camera Examination / Camera 6 5
Camera 2:;\3;? a/pil;orescein 1 1
Camera Fluorescein Angiography 1 1
Examination Examination 8 1 7
Examination Camera 2 2
Examination / Camera Camera 5 5
Examination / Camera Examination 3 3
Examination / Camera Examination / Camera 1 1
Outreach - Examination / Camera Examination 4 4
Outreach - Examination / Camera Examination / Camera 2 2
Outreach - Camera Examination 2 2
Outreach - Examination Camera 1 1
(ngg?ing Laser Ophthalmoscope Examination 2 2
Optician Report Examination 1 1
TOTAL 62 1 1 3 1 56

16



Results - Evidence Map

Table 5: Diabetic Retinopathy: Reviews and other Primary Studies

Description of study

Systematic Reviews 6
Cost-Effectiveness Analyses 7
Studies investigating computerised evaluation screening methods 14
Studies relevant to outreach but not meeting review inclusion criteria 9
Non-English Studies 7
TOTAL 43

STuDY CHARACTERISTICS

Table 6a - Table 6¢ describe study setting, design, DR classification systems and referral thresholds used
and demographic / diabetic characteristics of study samples.

Countries & Ethnicity

The majority of studies were conducted in the UK (20/62, 32.3%) and USA (17/62, 27.4%). Three studies
were conducted in each of Australia, Canada, Germany and Spain (4.8%, total 19.0%); two each in
Denmark, France and Japan (3.2%, total 9.5%); and one in Egypt, Hong Kong, India, Mexico, New
Zealand, Taiwan, and The Netherlands (1.6%, total 11.3%).

Only five studies focused on specific racial populations. The patient population from these studies

included Australian Aboriginal people (Diamond 1998), Cree (Maberley 2002), Indians (Mohan 1988),
Oklahoma Indians (Lee 1993), Europeans (Mohan 1988) and Japanese-Americans (Kinyoun 1992).

Year of Publication

Of the 62 included studies, just over half (34) were published between 2001 and 2009, with the remainder
(28) dating from 1982 to 2000.

Demographic Characteristics

Many studies did not report important information regarding demographics, referral thresholds and
classification systems as indicated below.

The mean (range) of the following demographic characteristics were calculated as follows:

o sample size: 476.2 (range 11 - 4904) (reported by 56 studies)
e number of eyes: 453.21 (25 - 3356) (33)

e percentage male:55.8 (31 - 98.4) (37)

e age (years): 55.1(35.3-69.6) (33)

17



Results - Study Characteristics

e duration of diabetes(years): 11.3 (3.7 - 22) (26)

e percentage glycosylated haemoglobin in sample: 7.9 (7 - 9.8) (11)

e systolic / diastolic blood pressure (mmHg): 136.7 / 78.2 (121.7 - 151/ 70.1 - 85) (6)
e cholesterol level (mg/dl): 222.6 (1)

Most of the included studies (37 studies; 59.7% of eligible studies) did not report on the type of diabetes
mellitus in their study samples. Of those that did report this information, study samples comprised mainly
a combination of Type 1 and 2 diabetics (n=18, 29% of eligible studies). Five studies (8.1%) comprised
only Type 2 diabetics; two studies (3.2%) included Type 2 diabetics and non-diabetics.

Classification System

A total of 13 different classification systems were used in defining the levels of DR, with the majority using
that of the ETDRS (16 studies, 25.8% of eligible studies) and the modified version of AHC (8, 12.9%).
Other classification systems used were:

e European Working Party (EWP) (3, 4.8%)
e EURODIAB (2, 3.2%)
e Field Guide Book (2, 3.2%)

e Airlie House Classification (AHC), ALFEDIAM (France), ICDR Severity Scale, modified version of
the ETDRS, modified version of the Wisconsin Grading System, NHMRC Guideline, UK National
Screening Program, and Wirral Diabetes Eye Study (one study each, 1.6%, total 12.7%).

Two studies used multiple classification systems, with one being both ETDRS and WCDRS, and the other
being the modified version of the AHC and ETDRS. Of the remaining studies, one study was on photo
quality and 20 studies (32.3%) did not report which classification system was used.

Referral Threshold Definitions

Thirty-two studies (51.6%) did not explicitly define ‘referrable DR’ for the purpose of their study. Of the 30
that did state a definition, 22 studies (35.5% of eligible articles) used ‘early’ referral thresholds (e.g.
macular oedema, (Early Treatment Diabetic Retinopathy Study (ETDRS) level = 35) whereas eight
studies (12.9%) employed ‘late’ referral thresholds (e.g. ETDRS = 53).

Prevalence of DR in study samples

Twenty-six studies reported DR prevalence in their study sample. The mean prevalence of DR (all levels)
across these studies was 37.3% (range 9 - 83).

Outreach Studies

Five of the nine studies in outreach settings (highlighted in bold and italicised in Tables 6a — 6¢) were
conducted in the UK (Gloucestershire, Newcastle, Tayside, Liverpool, and one location not was reported)
and one each in Canada (Ontario), USA (Wisconsin), Australia (Pilbara) and Japan (Fukushima). The
studies were published between 1985 and 2003.

18



Results - Study Characteristics

Demographic characteristics (mean, range, number of articles reporting) of outreach studies are
summarised below:

e sample size: 925.8 (100 — 3611), reported by 9 studies

e number of eyes: 264 (200 — 328) (2)

e percentage male: 45.8 (31 — 67.5) (3)

e age (years): 51.4 (48.2 -60.2) (5)

e duration of diabetes (years): 9 (7.5 - 10.5) (2)

e percentage glycosylated haemoglobin in sample: 8.1 (8 — 8.2) (2)

e systolic / diastolic blood pressure (mmHg): 134.5/77 (128 — 141/ 74 — 80) (2)
e cholesterol level (mg/dl): not reported by any outreach studies

Only one study (Shiba 2002) reported on the type of diabetes mellitus in their study sample; this study
contained 93 Type 2 diabetics and 62 Type 1 diabetics.

Classification systems used in the outreach studies were specified by five of the nine studies. These were
EWP (2), AHC (2) and ETDRS (1). Only four of the nine studies explicitly defined ‘referrable DR’. Two
used ‘early’ referral thresholds (Macular Oedema) and two used ‘late’ referral thresholds (Severe NPDR,
STDR).

Only two studies reported DR prevalence; Maberley (2002) reported a DR prevalence of 40% and
Diamond (1998) 59.5%.
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Outreach screening methods

Results

The majority of screening methods (107) were conducted in static settings (e.g. hospital department,
ophthalmological practice). Only 16 screening methods across nine studies involved outreach (i.e. the
provision of portable infrastructure / personnel to enable a DR screening service to be given to a
population). These outreach methods are summarised in terms of instrument and use of pharmacological

mydriasis in Table 8.
Table 8: Screening Methods Investigated in Outreach Settings (n=16)

Instrument Digital
Camera with
Fundoscopy

Digital Film Polaroid Fundoscopy

- Camera Camera Camera Exam
Mydriasis

Mydriatic 1 2 3 1

Non-
Mydriatic

Mixed
Mydriatic /
Non-
Mydriatic

Total 3 2 4 3 1

Photo Fields

Polaroid
Camera with Total
Fundoscopy
3 10
5
1
3 16

Of the 87 screening methods that involved photography, 32 photographed one-field, 8 photographed
two-fields, 14 photographed three-fields (in three cases, these three fields were used to create six fields),
and five each photographed five, seven and nine-fields. The number of photo fields was not reported for

18 screening methods.

Table 9a — 9c contain a detailed description of all screening methods outlining camera type, make /
model, number and degree of fields taken, resolution / type of film, details of fundoscopy equipment and
technique, use of mydriasis, location of screening and (if camera) interpretation of image, and

qualifications and training of imager and interpreter.

Studies using camera-based reference standards (n=16) are listed in Table 9a; those with examination-
based reference standards (n=39) in Table 9b and those using multiple reference standards (n=7) in

Table 9c.

31



¥N / Jaydeiboljoyd pauiel|

uoneoo| swes / Juswueds( |edibojowleyydQ |eydsoH
oneupAp

d9z0o1LX0S¥L ‘.G¥XS ‘S9MN uoddo] :eybia

(sehe g9\ ‘cg) g uonEBSaAUI JopUT POYJISY

1s1Bojowieyiydo / ueisAyd aied Alewid

N / @4ua) ale) Aewd

oneupA

(ejnoew aAoqge/osip/einoew) Gy X € ‘SOMYD uoodo] w4
(sehke zev ‘9lz) 7 UOEBISOAU] Jopun POYFSI
1sibojowieyiydo / ueisAyd aied Arewid

HN / @4us) ale) Alewid

oneupA

(elnoew) G X | ‘:SOMYD uoddo] :wii-

(sehko zev '91.z) G UOHEBISAAUI JoPUT POYISY
isibojowieyydo / ueisAyd aied Arewid

YN / 8ue) alen Alewid

oneupAw-uoN

(ostp/e|noew) .Gy X Z 'S9MYD uoddo] wijig
(sehe zey ‘91 z) § UOHEBSOAUT J5pUn POYIS/

N / ueondo

juswypedaq |esibojowleyiydo |eydsoH / doys uerondo
onjelpAw-uoN

d9z01LX0G¥ 1 "08I89)s-UOU GPXG ‘SOMN uoodo] :[exbig
(6G) D uonebiSaAUT JopUN POYJOI

YN / Jaydeibojoyd pauiel|

uoleoo| swes / Juswiedsa( |esibojowleyydo |eydsoH
(uoneyip [eaiBojoisAyd) onenpAw-uoN

d9z0oLX0SP L (.GPXG ‘SOMN uoodo] :[eybia

(sehoe g9| ‘cg) ¥ UoHEBISAAUI J8PUT POYIS)

L1 X 3sie1oads [eunay /g X sibojowleyydo

uoneoo jsijerads [eulay / YN

oneupAn

"0819)s pIal ‘PIS L ‘001 VSV dwolyoep|q ‘XQg uoodo] il
(sehs 0¢ ‘G1) vV uonebsaAul Jjepun poyja

(-dapul) gx siapeib pauies) ‘shkyd-uop / Jaydeibojoyd payiuad
(ausyo) anuan Buipeay / olulD a1ed Alewld

oneupAp

dzgLIxzGLL ,0ex. o1doosoais)s ‘0zGSOa Nepoy eybia
(062) ¥ uonebSaAul 15pun Poy3Sl

(103e01pnlpE +) Siepels Juapuadapul om] / YN

(ausuo) anua) Buipeay / anua) sajagelq

oljelpAw-uoN

dosX0r9 .GPXE 'SGMN O¥1 uoodo] :[eybiq

(sehe 80| '¥G) ¥V UoHEBISSAUT JopUN POYIS)
1s1bojoweyiydo / uemishyd ased Arewrd

YN / 84iua) aled Alewid

oneupAn

(osip/einoew) G X Z ‘S9MYD Uoodo] :wiji4

(sohs zey ‘'917) T UoneBSaAUI 78pUN POYIS)
1s1bojoweyiydo / uemisAyd ased Arewrd

YN / @4ua) ale) Alewd

oleLpAw-uoN

(ejnoew anoge/osip/einoew) .G X € ‘SOMYD uoodo] w4
(sehe zey ‘91z) D UoHEBHSaAUT JopUn POYJol
1s1bojoweyiydo / uemisAud ased Arewnd

YN / 84ua) aled Alewd

oneLpAw-uoN

(ejnoew) Gy X | 'S9MHD uoddo] w4

(sehe zev ‘912) ¥ UOEBSaAUl 19pUN POYISII
133a1dadyuj / 1aydesbojoyd

19)31d19ju] / 0}0Yyd JO uoleI0]
onelpAw-uop / aneLIpARn

uoljnjosad ispjaly u Juswniisul
(safa u ‘u) poyjapy Bulusaiog
Telawe)

¥N / Jaydeiboljoyd pauiel|

uoneoo| swes / Juswueds( |edibojowleyydQ |eydsoH
onelpAn

PIdY L ‘WY 9 SWOJYdIEPF WWGE JANQY-4D uoue) :wji4
(seka G9| ‘c8) PIEPUE]S 52UBISJoY

(*depuy) siepelb payue / z x isiBojowleyydo

(Ausianiun) anuan Buipeay oloyd snpund / YN

oneupA

"0919)S p[aY "PIS £ 00} VSV dwoIyoep|3 ‘XQG uoddo | 1wl
(sehe o¢ ‘G1) PIEPUE]S doUBIofoY

("dapul) gx siapeib paulel) ‘'sAyd-uop ; Jaydeibojoyd paipa)
(aysyo) anuan Buipeay / olulD aied Alewld

oneupAN

,0EX/ ‘01d00s0aI8)s ‘WWGE ‘0G4 SSI9Z :wji4

(062) PIEepuUE]s 8oUI5joY

4N

(ay1suo) anuay bBuipeay ; asua) sajagelq

oneupAn

o0EX/ ‘Wl 79 SWOIYIEPOY WWGE ‘v SSI9Z :wii]

(seka 80| 'vG) PIEPUE]S 8oUBISJoH

jsibojowieyydQ / ueisAud aied Aiewrd
YN / 84ue) alen Alewid

oneupAN

,0€ X £ 'S9M¥D uoddo :wiji4

(sehs zey ‘91 z) PIBPUE)S 8oUBI0}0Y

uopeso]
aneipAw-uoN / oneupAn
juawnysuj

(saha u ‘u) poyjapy Buluaaiog

""Ju09 (£002)
uasueH

(#002)
uasueH

(s661)
Zd|ezuoo

(5002)
ussuel

(1002) llesing

“"JU0d
(6002) eZO9RY

*JU09
(600Z) eZOEY

(6002) ezoeg

uonejyd

(91=u) piepue)ls 22uaiajay ayj} se (wji4 10 ploiejod ‘|eybiq) eisswes e yIm saipnis :spoyjay Buiusaiog :eg ajqel

32



¢ xs16ojowjeyydo

Bumes @00 Apnis-uoN

oneupA

(Adoosouoiwoiq dwe-ys ‘palinbai Ji) Joalipu) :pun4
(29) @ uonebFSaAUT 18pUN POYFSI

smoj||e4 ABojoulioopug

olulD oneqelq [exdsoH

oneupAw-uoN

joaliq 'pun4

(0z) g uonEBySaAUT JSpUN POYIOY

(snsuasuod ‘"dapuyj) gx 1sibojowjeyiydo / YN
o1ulQ |epdsoH

HN

,09X| ‘WY YSY 9 woiyoep3 ‘0940 uoued w4
(seks 9¢ ‘1) vV uonebSsaAul Jopun pPoyjoly
Isljetoadg [euney

oo Ayyedouney oneqgelq [endsoH

oneupA

YN 'pung

(seues puodss ul Q1| + 17/) § uoijebi}seAul Jopun poyjaj]
6 x1sibojoweyydo

anua) |edIpsN

oneupA

(ao6) Adoosouoiwolq dwel-}|S g 10841pu| "pung
(,61) g uoebRSaAUl 15pUN POYISH

8 X (Ajunwwod) ysupwoydo

dN

oneupAp

108.IpUI JO / + J08u1Q 'pund

(¥1) g uonebiFSaAUT 18pun POyl

isijeroads [eunay / UN

anuag Buipeay / o1uiD JusnedinQ |ejdsoH
oneupAn

dwg ,0ex/ ‘NN OYd weonsiA :[eybiq

(sehe gz| ‘¥9) ¥ UOEBIISAAUT Jopun PoyIap

(snsuasuo ‘*dapul) g x 1sibojolaqgelq / YN

N /21U1D dnegelq [epdsoH

oneLpAw-uoN

(slp / eInoew) G ‘01d00s0al8)s ‘HHD uoue) :eiswe)
(82) D uonebfsaAul iopun POYJoI

Z x1s1bojojeqelq

olulD oneqelq [eydsoH

oneLpAw-uoN

10811Q :'pun4

(29) v uonebysaAur 15pun PoyIdIl

uelajuyda] paujel] Jo jsupawordo pauiel] ‘ysibojowreyyydo

(uea ajiqow) yaseanno

oneupAW

(1o2.41puy ‘padinbau 41 ') 3o041g "pung
(6¥61) v uoizeBSeAu] Jopun poyjoil
wnua|d ui siojebisanu| / YN

N

VN
olbuy "4

(seha 9¢ ‘61) g piepue}s oduaiajoy
(*depur) ¢ x "dg [eunay /3sidoypQ 1o asinN ‘siBojowleyiydo

aluaQ Buipesy / owul) Ayjedounay oneqelq [eydsoH
oleLpAw-UoN

d009x008 ‘.G¥XS ‘SOMN-OH L uoodo] :[eybig

(seuas puodas ul 0} + /) ¥ uonpebiysaAul ispun poyjapy
Japels) paulel] / 8)1eloossy Yoleasay

(s10Wsal) anua) Buipeay / anuad |edIpa|y

oleLpAw-uoN

dogyx0v9 ((MsIp / BOAOY) ,GpX| NNGY GO uoue) :[eybig
(261) ¥ uonebisaAul 15pun poy3s

11 X (Ayisianiun) jsswoydo

dN

oneupAp

1084IpUI JO / + 19817 "pund

(¥1) v uonebisaAur Jopun poyjoi
133a1dadyuj / 1aydesbojoyd
13ja1diaju] / ojoyd 0 uoieso]
aneripAw-uoN / aneupAW

uoljnjosal ispjaly u Juswniisul
(saka u ‘u) poyja\ Bulusaiog
Telawe)

isije1oads [eunay / UN

anus) Buipeay / oulD jusiedinQ |eydsoH
oneupAp

dwg *,0ex/ ‘snid 0G4 :leubia

(sehe gz| ‘¥9) pIEPUE}S doUBIDIY

(snsussuoo *dapul) g X isiieloads jeunay / YN
uopeoo| swes / bupesg 20O ApniS UON

oneupAN

plal / ‘o1doosoals)s ‘ssioz ieiswe)

(YN) piepuejs sdousivjoy

Japedo paulelj/ysaj “opdo paurei] “yydo
anuay buipeay / (uea ajiqow) yseanyno

aneLpAy

PIol} "p}s / ‘elowed

(6¥61) piepue}s adusiajod

(g S Jo synsay / snsussuo) "depul) ¢x isibojowleyiydo / UN
dN

dN

,0€X/ 'o1buy "4 %@ ‘Wi VSV 9 dWOoIyoeNT ‘Ledd uoddo | 1wl
(sefe 9¢ ‘61)V pI1BpUE]S ooUBIBfoY

(*depu) ¢ x isijeioads [euney / Jaydelbojoud payiped
anua) Buipeay / o1ullD Ayjedounay oneqelq [eydsoH
oneupAp

pIoY L ‘wily wwige ‘AN 09 40 UoueD w4

(seuas puodss ul QL | + ¥7/.) PIEPUB]S 8oUdI9joYy
Japelo) paulel] / siaydesbojoyd psurel |

(sj0wal) anua) Buipeay / aiyua) |eoIpaN

oneupAp

o0€X/ ‘Wil dwolydep 3 ‘y44 ssloz :wjid

(L61) piepuejs sdusiofoy

Jsiieloads |eunay / Z x Jaydeibojoyd

dN

dN
plal / ‘o1doosoals)s (elewen
(seka gz ‘v ) p1epuejs aouaisjoy

aneipAw-uoN / oneupAn
juawnysuj
(saka u ‘u) poyjsy Buluaaliog

(eg002)
JanegnapN

“"JU0d
(1661) veylen

(1661) veyleN

(G861) ssow

(z002) 48110

(€002) uissey

(zooz) ur

(2861)
ulejsuIgy

33



01d00s08.18}S :"00.19}S

uelaIuyda ] yoa piepuejs :pjs

S\

olul|) Bulusaiog eunay paseq-do

oneupAp

Joal1g 'pun4

(YN) @ uonebiSaAul Jopun poyjajy

dN/HN

N /01Ul1D Bulusaiog [eunsy paseq-do

oneupA

dg/Gxg9/ ‘(eInoew / 9sIp) .GHX| 'ANNGY GO uoued :[eybig
(€g) g uonebsaAu] Jopun POyl
1s1bojojaqelq ‘zx isibojoweyydo/yoa] Jo asinp Jo ueisAyd
S\

oneupAw-uoN

.GPX6 01d0osoaIa)s ‘SGMN DL uoado] :feubig
(oneqelp 91) g uonebRSSAUT J9pUN POYISI
ulaju| Jo juaplisal |edIpal / luelsisse cm_o_w>cn_ 10 sasInN
N

oneupAn

SSPXE (WY VSV 9 SWOIYOEPOY ‘€YD uoue) wii4
(zg¢e) 9 uonebSaAUT JopuUn POyl

¢ X luejsisse cm_o_w>£n_

S\

oneupAp

j0811Q 'pun4

(0Sz) @ uonebsaAU] JopUN POYFSI

Japels) / Juejsisse ueloisAyd Jo sasinN

anua) Buipesy / YN

oneupA

SSPXE (WY VSV 9 SWOIYOEPOY ‘€YD uoue) ‘w4
(zg¢) g uonebISaAU] 1opun POyl
isiBojowieyiydQ pautes] B isiieoads [eunay / YN
N / [e}dsoH

(uoneyip [eaiBojoishyd) onenpAw-uoN

oSGPXL 'NINGY GHO uoue) :plosejod

(seka z6¢ ‘961) g UCFEBIISOAUT 19pUN POYFSII

JsLpswoydo :03do

sjoxid :d Jsibojowreypydo yydo

papioday JON ‘HN

Jspels) paousuadxy / YN

UN /01D Bulusaiog [euney paseq-do

oneupAn

ss0|6 swanxa 009 plose|od {.GXL INNGY #4D uoue) :ploiejod
(YN) 5 uoiebsaAur 7pun POYFON

4N/ YN

HN /211D Bulussiog [eunoy peseq-do

oneupAn

dogyx0r9 (einoew/osip) GyX|) ‘uoodo] :eybiqg
(261) ¥ UonebfISaAu] 7opun poyIsil

1s1bojojaqelq ‘gx isibojoweyydo/yoa] Jo asinp Jo uedisAyd
dN

oneLpAw-uoN

.GPX6 01doosoaisls ‘SGMN DL uoado] :eubig
(josyuoo gz) ¥ uonebsoAur Jopun poyjalyf
SISIUIB)U| pauIel}-}|9S / JUelsisse ueldisAyd Jo sasinN
N

oneupAw-uoN

oGPX] ‘WY YSY 9 SWOIYOEPOY ‘€YD UoUuED W4
(zs€) 3 uonebnsaAur 7spun poyjsiy

Z X1sienadg euney ¥ g x isibojow(eyiydo

dN

oneupAn

Jo8llpu| @ J08.1q "pun

(8¥¢) D uonebiSaAUT J8pUN POYJSY

Japelo) / juejsisse ueidisAyd Jo sasInN

anua Buipeay / YN

oleLpAw-uoN

(BBAOY 1 0SIP) GPX| ‘Wl YSY 49 SBWOIYOBPOY ‘£HD UoUeD ‘Wi

ueaIsAy4-uop :'sAy4-uoN
sjoxidebow :dw

(zgg) v uonebisaAur 1spun poy3si
isi6ojowieyiydQ pautel] g isie1nads [eunay / YN
N / [endsoH

(uoneyp [eaibojoisAyd) onelpAw-uoN

do0z X009} ‘.G¥XL ‘NNSY 94O uoue) :jeybig

(seke z6¢ ‘961) ¥V UOIHBBISSAUT 19pUN POYIS
133a1dadyuj / 1aydesbojoyd

13ja1diaju] / ojoyd 0 uoieso]
aneripAw-uoN / aneupAW

uoljnjosal ispjaly u Juswniisul
(saAa u ‘u) poyja\ Bulusaiog

elswe)

Juapuadapuy :dapul
Jauonioeld [B1auds) (49

Adoasopun4 ::pun-
Aydeuboibuy uigasaion|H :olbuy o

pesiolfe) 9 pjog ul SeIpN}s yoeanQ :Aey

4N

anua) buipeay / yun 943 puelbu3 jo }sopn

4N

,0EX/ ‘01doosoaI8)s ‘Wily WWGE Wil

(81 1) piepuejs aousiofey

jsibojojaqgelq ‘gx isibojoweyydo/yoa] Jo asinp Jo uedisAyd
N

oneupAp

.GPX6 01d0os0aIa)s ‘SGMN DL uoado] :fenbig

(loluoo Zz) paepuejs aousaiojoy

N / Jeydeibojoyd [euay payued
anua) Buipesy / YN

N

,0€X/ ‘01d00s0818)s ‘ss|o7 :elowe)
(zsg) p1epuejs aouaisjoy
isiBojowieyiydQ 3 isijenads [eunay / YN
N / [endsoH

oneupA

.,0€x/ ‘01doosoalals ‘wii 001 N4 WWGE ‘X0G DY L uoodo] :wii4

(seka zBE ‘061 ) piepue}s aouaisjoy

aneipAw-uoN / oneupAn
juawnysuj
(saka u ‘u) poyjsy Buluaaliog

“"JU0d
(6661) J0lfe

(6661) JolfeL

(6661) BQIYS

...ES
(¢661) ubnd

...Eoo
(e661) ubnd

(e661) ubnd

(9002) Hiud

34



Jeqpsibay ABojowreyyydo

ol jeydsoy

aneLpAy

(uabojey AG"€ udjIy Yd1dM) 399.1q :"pund
(9z¢) g uonebSaAUT 15PUN POYISI

jsibojowreypydo / 1oydeisbojoyd

N / (yoeanpnQ) aJea jsijerdsads 1o Aiepuoses
aneLpAy

WNSY G40 uoue) -ploiejod

(paulwexa-a1 gg9) g uojebSaAUTl Jopun poyjaN

sueioIsAyd Jolunp paules-uoN

(99) g uonebjsaAU] 1opun POy

Jeqsibay olwjeyydo / uediuyos) asinN
juswiedaq 843 / oulD oneqelq [epdsoH
oneLpAw-uoN

.S (NG €40 uoue] :pioJejod

(001) v uonebsaAur 1opun poyjol

(‘bau se uonesique 3) Juejsissy [eajulld d1wieyiydo / ‘ysay

YN / (3un sjiqow) yseanno
oneupAW

~GPXE [r0849)S-UoU ‘9 awoiyoepoy ‘UNSY v uoued :wji4

(9z¢) v uoiebSeAu] jopun poyjoj

uendo

aonoeld ueondo / sonoeld 4o

oneupAn

yoau1pu| ‘paainbal 41 ((ag.) "oiq dweliS Je8a1q 'pund
(2£2) v uonebisaAuy Japun poyjaj
1sije0adg jeunjay / uepiuyos] Jo Jeydelbojoyd
dN

oneupAw-uoN

do00zx0002 ‘olweloued ,00g ‘SO0 :01S
(YN) v uonebsaAur ispun poy3sil
jsibojoweypydo 7 1oydeisbojoyd

N / (yoeannQ) asea jsijersads 4o Aiepuodas
oaneupAw-uoN

WNS¥ 640 uoue) :ploiejod

(¥91) v uoizeBSeAU] Jopun Poyjoi

uerondo olweyydo

paxIN

dN

dN

(sehs 1) ¥ uonebsaAul Jjopun poyjaj
sueioisAyd [eydsoH jueynsuoD-uoN pauiel ]
dN

N

10811 puny

(67) ¥ UOHEBSSAUT Jopun POyJo/l

1sljel0adg |euijay / UeIDIUYOS | paulel]

(o1unp ABojowieyyd) anua) Buipeay / oiulD aled Alewld

oneLpAw-uoN
oSPXE 'SOMN DY L 40 SGMN DY L uoodo] :jeybig

(v¥2) ¥V uofebsaAu] JIopun poyjoll
19)aididyu| / Jaydesboloyd
19)21dud)u| / 0joyd O uoijeso]
aneipAw-uoN / aneLpAW

njosal ispjaly u juswniisuj
(u) poyjay Buiuaaiog
Telawe)

1siBojowleyydo

dN

oneupAN

Adoosouojwolq dwel-)S % 19841pu| "pun
(001) pepuejs asusiofoy

Jsijeroads jeunay

N

4N

ordoosoaials (@o6 ® 09) dwej-)s "pung
(9z¢) piepuejs adusiofoy

1s1Bojowjeyiydo

aonoeud uepndo / eonoeld 4o

oneupA

joauipu| ‘paainbau 1 g ((ag.) -oiq dwel-is ‘p8dig pung
(,£2) piepuejs aousiofoy

isijeoedg |euney

4N

oneupAN

(ag2) Adoosouoiwolg dwer-is 8 (Q0Z) 10841py| "pund
(YN) p1epue}s adouaisjoy
jysibojowreyyydo

(yoeannQ) aiea jsijersads 4o Aiepuodag
aneLpApy

(goz) yoe41puj *pung

(¥91) p1epuejs aouaisjoy

is1bojoweyydo

[endsoH

oneupAp

J08.ipu| B 10841Q pung

(851) ¥ ApmIS - piepuejs aousiojay
1s1Bojowjeyydo

dN

oneupAN

108.1pU| B 108110 'puUNy

(g1 1) p1epue}s aduaiajoy

(%€1) Is32Wwoido 8 (%.£8) IstBojowleyydo
aJeo jsijeioads Jo Alepuodss

oneupAN

dwel-yIs "pung

(y¥72) p1epuejs aduaisjoy

uopeso]
aneipAw-uoN / oneupAn
juawnysuj

(u) poyjay Buiusaliog

(z661)
uanesH

(5661)
bBuipiey

(9661)
puowweH

(c00z) B1oqu4

(8661)
puoweiq

(Aluo | Apmig)
- (5861)
X09-suing

(z661) Aqaig

(9002) pawuyy

uonejyd

(6£=U) paepue)s 92UBI9JOY BY} S UoJeUIWEXT [EIIUIID Y}IM SBIPN}S :SPOYId|N Buluaaios :qe ajqel

35



1sibojouoopus / UBIDIUYDS ] paulel]

N / leydsoH

oljelpAw-uoN

.GPXL IAINY 940 uoued :eubiq

(001) g uonebFSoAUT JopUN POYJO

Japeus) olydeibojoyd pauiel] / Jaydeiboloyd pauies-syall
dN

dN

PIdY / ‘Wil SWOoIYoepoy| ‘ssioZ (w4

(peaus g ‘sojoyd z pey 6 ‘yz|) g UoieBSaAur 7epun Poyjsj

1s1bojoweyydo / Joydeiboloyd |eoipajy

N / [eydsoH

oneupAp

Wil 9 SWOoIYIENT Ww GE ‘AN £40 uoued wiji4
(passesse gl ‘/z1) g uoijebiseAul Jopun poyjo)]

Jsiieloads |eunay / UeldluUYda) pauled |

N / [endsoH

oneupAw-uoN

.SPX1L AINY 940 uoue) :[eybig

(001) vV uUonEbiISaAUT 18puUn POoyJaj

Isije10adg [euney / JoydeiBbojoud payueo-gyadLl
N

IV

play / ‘wjy swoiydoepoy ‘ssiaz :wji4

(peas gg| 'sojoyd z pey 6 ‘ygl) ¥ UOIEBIISeAUT J8pun POyIS)
slapelo) paulel] / HN

anua) buipeay / YN

N

e|ndew ay} uo panuad ,0eX| :30_00 ”o_Qoowom._mum -elawe)
(dng 4K} 3e ¥9p | + soka 9gee) v UoleBSeAU] 1opun POYJo /A
N /1sl[e1oads [euney

N / [endsoH

oneLpAw-uoN

.0EXT B.GYXZ ‘SOMN O¥ 1 uoodo] :[eybig

(¢..) v uonebisaAur 1spun poy3sj

Japels) /1supwoldQ ‘g X SueIuyda | paulel|
anuag Buipeay / YN

oneupAn

oS X L {IANSY 74D Uoue) :wii-4

(sehe 66/ :0Lv) ¥V UOIFBBISBAUT 19pUN POYIS
1s16ojowieyydo / 9 x Jaydeibojoyd |eoipay

N / [endsoH

oleLpAwW-UoN

6. ploejod ‘NN €49 Uoue :plolejod
(passesse GO ‘/Zl) ¥ uonpebisaAul 1eapun poyjopy
(g1x) Ismewordo

ao1oeld 1supwoydo

oneupAn

(agZ MloA) dwel-ys "pund

(6ct) ¥ UonEBISaAUT J9pUN POYJS)

(owg 1 8| paulwexa) }sijeloads |eunay / 8SINN
N / [endsoH

paJinbal se siseupAp

93dr '.G¥XL ‘SGMN 0¥ :[eybia

(sv1) vV uonebRsaAur ;opun poyjsi

19)aididyu| / Jaydesboloyd

13ja1diaju] / ojoyd 0 uoieso]

apAw-uop / oneupApn

:_ow.w._ ispjayy u fJuswnaysul
(u) poyjay Buluaaiog
Telawe)

1s1bojoweyydo

uN

oneupAn

(Qo6 40 g/) Adoosouoiwolq dwel-}S g 108Jipu| -"pun4
(001) p1epuejs d3usidfoy

Isijeloadg [euney

juaiedu) ey dsoH

onelpAn

1o0811pu| % 10811Q "pung

(swexa z pey Gg| ‘£6¢) PIBPUE)S 8oUBIBjoY
Awwbcmo |ealul|o NNV wuw__m_omaw leunay

dN

dN

>Qoowoho_Eo_Q SU3| Joeju0) R 10allpu| .«owl__D pund
(dnj AL 18 $OY L + S9AS 9GEE) PIBPUE)S 83UBIajoY
Isijeroadg [euney

(an3ud9 Yyeay Alunwwod) aled Alewid

oneupA

dwel-j|S @ Joa41puj "pung

(¢//) p1epuejs aouaisjoy

¢ xsibojouneoy

dN

oneupAp

(aoe) Adoosouojwolq dwel-i|S 9 1934ipu| :pun4
(seho g6/ 0L v) PIEPUE}S doUBIBfOY
uw_mo_oE_wr_EQO \._mr_am._mO«OLn_ |edIpaN

N / [eydsoH

dN

Aamnns 1d g ‘ajod "1sod ‘wily 44 p1oy|| ‘ssioz [e) oibuy "4
(possesse Gz| ‘/z|) piepue]s sousiojoy
1s1bojoweyydo

dN

oneupA

(M1oA) dwel-pis "pund

(6cy) P1epuejs adusiafoy

Isijeoadg [euney

|endsoH

dN

dwej-j|s "pun4

(owg 1B paulwexa-al 8| + Gi7|) pIepUE}S 9ouaiajoy

oneupAw-uoN / oielipA
juawnysuj
(u) poyjay Bulusaiog

(5002) ony

(z661)
unoAury|

(6861)
unoAury

(£002)
eplseg-zadon

(c661) 907

«(8861) ssuor

(z00Z) swiny

(002) woquaH

36



Japeig |eunay ‘gx "'yydo ‘Zx 1eqelq / "paiN-uou ‘pajy paurel|
(V) Sy wouy 3siBojowieyydo @ gx a1us) Buipesy / YN
oneupAn

d9/6%89/ ,06XZ ‘08I8)s-UOU ‘X0G DY L uoodo] :leybig

(621) ¥ uoebSaAUl 19pUnN POYIS/

(gzx) Hers [eolpajy Jounpe

olulo oneqelq [eydsoH

oneupAp

(3Bl @31-pau ‘uajy-yo|oMn) 30811Q pun4
(ccz) g uonebisaAu] Jopun POy

(teaysiboau ¢ yueynsuoa y) /x 3sibojojaqelq
Jeyidsoy

onelpAp

Joa.Ig *pun4

(80¥) g UoEBI}SoAU] JopUN POYJO

dN

N /21110 2negelq |eydsoH

oneLpAw-uoN

PIdY | {AING¥ €40 UOuE) :ploJejod

(ueadoin3 of ‘uelpu| Gy :GQ) ¥ uonebIISaAUl Jopun PoyjaN

Z xs1bojowreyyydo / 3sndoyuo

wewpeda(q |eoibojoweyydo |eyndsoH / aiyua) Bulussiog
oneupAw-uoN

d096X06¥ L ‘.SGPXG ‘SOMN O¥.L uoodo] :[epbig

(peje|dwod /| ‘9GY) V¥ UOEBSaAUT 1opun PoyJoil
Jsijeloads jeunay / 19340 aded yjjeaH Jo saydeibojoyd
Jun yaieasay jeunay 1o fysiaaiun /(yseanng) jeyidsoy
(painbau se uonejip "a°1) paxipy

1s1bojoweyydo

olulo oneqgelq [eydsoH

oneupA

N "pung

(ueadoin3z oy ‘uelpu| Gy :GQ) PIBPUE]S BoUBISSOY

1sibojoweyydo

N

oneupAn

"pung

(payejdwod /Lt ‘9zy) piepue}s aouaisjoy
jsijeroads jeupjoy

UN

onelpAp

oSPXL (ASSMN D¥1 uoodoy :jeybiq dwel-s yuswbag Juy » (d8.L) "olq duwel-jis ‘yoaipuj :"pungd

(001) v uoieBSaAUT JopUN POy

Japelo tOQXm_ / "PBIN-UON JO ‘P3N pauled |
dN/dN
oneupAn

,0GXZ ‘"0818)S-Uou (00| dwolydoepd {X0G OH1 uoado] :wiji4
(621) g pIepue}s 59udI5}9Y

(0£ :da ‘8¥ :zdA ‘sid L2} :1dq ‘€x) suenishud ssjeqelq
ouID oneqelq [e)dsoH

oneupAn

(B ©914-pai ‘us|Iy-yo|op) 108a1Q 'pun4

(6c2) D UOHEBISAAUT J9PUN POYJSY

(2x) do

ouID oneqelq [endsoH

oneupAn

(B ©814-pai ‘us|Iy-YoIop) 10841Q 'pun4
(¥z) v uonebisaAuy 1opun poyjaj

(1eqysibau g yueynsuoa ) /x 3sibojojaqeiq / N
YN / (uea ajiqow) yoea3no

oneupAw-uopN

ploJejod

(80¥) v uoizebSoAUT 1opun POyl

J9301d19)U] | 18ydeiboloyd
J9301d19)U] | 0JOYd JO UOKEDOT
onenpAw-uoN / oneLpAn

uolnjosal sp|ay u jusawniisui
(u) poyjay Buluaaiog
Telawe)

(001) PIEPUETS 53UBIaJod

9 x isibojoweyiydo

dN

oneupAn

dwej-j|s "pun4

(621) ¥V piepuejs aousivjoy

1siBojowreyydo

olullo oneqelq [eydsoH

oneupA

(Bl @31-pau ‘udjy-Yo|oM) 30841Q pun4
(sehs 586 :005) PIBpUE}S BoUBIBIBY

(4ea3sibau jsijeroads Jo juejnsuoa) ysibojowreyydo

a1uljs Abojoweyydo

dN

(-o1buy "4 ‘paainbai j1) dwej-ys :"puny
(sies10404 @31S 004) P1EPUE]S 6dUBIBfOY
uepiuly

uopeso]

oneupAw-uoN / oielipA

juawnysuj

(u) poyjay Bulusaiog

(8861) ueyon

(5002) uissep

(zoo2)
Aaiaqep

(0002)
plajussar

“"JU0d
(6861) Haua

(6861) Hauan

(200z) as997

37



£ X S18U88.198 [eundy paulel] /s X S19UdaldS [euljdy paured|
YN / (yoeanno) Apunwwod

aneLpAy

(dSa) 3041q :'pund @ WNSH 94D uoue) :ploiejod
(v0¢) § uonebISaAUT JopuUn PoyJa

dN

dN

dN

s uo paiojs sabewi [eybiq

(YN) @ uonebiSaAul Jopun poyjajy

Jei)sibay yoseasay / uediuyoa] Jo Jaydesbojoyd

dN

oneupA

wjl 9 swoiydepoy wwge .Xom cooQo._. ‘w4

(985) g uonebsaAu] Jopun POYFSI

1s160jo1aqgelq % 1sibojoweyiydQ / ueroiuysa] Jo Jaydesbooyd
N

onelpAn

dg9/xyz0l L.G¥XL ‘S9MN uoddo] :jeybiq

(86¢) g uonebISaAU] Jopun POYFSI

1s16ojoweyiydo 10 4o / dO

(irews ein) jeydsoH / a1e) Atewd

oneLpAw-uoN

O3dr ‘splay 9 ol papIAlp sojoyd ¢ :00LMN uoddo] :jeybig
(seksa z| 1) g uonebnsaAur Jopun poyjajy

(s1ane] paxiw) Gz x Joqeiq / (S|jeAs] paxiw) 6Z X Jaqelq
YN / 21ufj jsijerosads

onelpAp

(dSH) 32241 :4 ® ‘WNS¥ 989 uoue) :plosejod

(S0¢) ¥ uoizebiSaAUr ispUN POYFO

Jeyjsibay yoseasay / uerdiuyds] Jo Jaydesbojoyd

N

oneupAn

dyz01Lx¥z0l ‘,06XZ 'X0g uoodo] :[eybiqg

(98g) 2 uonebisaAur Jopun POYJol

}suUBwoldQ Jo uepndo

aued isijeroads 1o Aiepuodag

oneupAn

dwel-yIs "pund

(58¥) v uonebisaAUT J8pun Poyjaj

€ X § 9y paousuadx3 / Joyiny Apnis Jo yoa| paousuadx]
oluyD yuswyuedsaq Abojowreyyd Aysianiun
oneLpAN-UON

,002 ‘00z dlweloued dewoydO :01S

(15) vV uonebisaAU] 1opun Poyjaj

1s1bojojeqelq g isibojowieyydQ / ueroiuyosa] Jo Jaydesbojoyd
dN

oneupA

dgo/xyz0l '.SHXE ‘SOMN uoodo :eybig

(86€) D UOEBIISOAUT 19pUN POYJSY

1s160j018qgeIq % 1siBojoweyydQ / ueiuydsa] Jo Jaydesbojoyd
N

oneupAw-uoN

dgo/x¥z0) '.S¥XL 'S9MN uoodo] :leybig

(86¢) ¥V UonEBISaAUT 19pUn POYJa)

1siBojowreyydo 10 d9 / d9

(rews ein) [eydsoH / UN

(ojoyd Jood y uone|ip ') PaXIN

O3 ‘spldy 9 ojul papIAIP sojoyd ¢ :00LMN uoodo] :eybig
(sehka gg|) 5 uonebsaAul Japun poyja
1s16ojoweyydo 10 49 / dO

(rews ein) [eydsoH / a1e) Atewnd

oneupAn

O3dr ‘splay 9 ojul paplAlp sojoyd ¢ X3 050Y.L uoddoy :[enbig
(seka ) ¥ UOIEDBIISOAUT JopUN PO/

19)a1di9yu| / saydeibojoyd

J9)a1dI9ju] / 0Joyd Jo uoneso]

apAw-uop / oneupApn

:_om.w._ ispjayy u fJuswnaysul
(u) poyjay Buluaaiog
Telawe)

Jsibojowreyyydo

AN

aneLpApy

(@oz) y00.41put ‘pasinbai 41 ' (@09 ® 06) dwej-jys :"pund
(609) p1epuejs aouaisjoy

1s1bojoweyydo

aJleo jsijeloads Jo Alepuodag

oneupA

dwel-y|s "pung

(985) PIEPUE]S B3UBISJoY

uedisAyd eunay pasusiuadxg

oluD Juswpedaq Abojowreyydo Aysianiun

oneupAp

(agz) Adoosouoiwolq dwel-yiiS % 21doosoalals ‘YN :"puny
(1G) piepuejs sousidjoy

1s16ojoweyydo

S\

oneupAn

dwel-yIs "pung

(86¢) pIEpue}s aousiafoy

(Apuspuadepur) zx isibojowieyydo

(rews ein) [eydsoH / UN

dN

(181sUIR JBINDO/MTOA) 10BIUOI-UON/AORIUOD B dwel-||S "puny
(seka gzg) p1epuejs aouaiajoy

aneipAw-uoN / oneupAn
juawnysuj
(u) poyjay Bulusaiog

(200z) 1pued

“JU0d
(€002) uos|o

(002) uosio

(98002)
Jonegnan

""Ju00 (002)
pAonebinpy

(¥002)
pAoneBbiniy

""juo2 (8002)
Zapueula
eullop

(8002)
Zapueulo

euljop

38



dN /8N

dwes sowuing

aneupAp-uonN

wijiy 4nojod gy f(snpuny) pjaiyL :0a4ajs-uou ‘uosdoy w4
(z Apms ‘saka Lg9) @ uonebisaAuUl Jopun poyjo)]
(Buipe.b obew ‘Zx Jsijeroads anaqelq ) ‘ypydo / YN
a1ullo yusnedino

aneupAw-uoN

abejjoa py/wiof gxg {,GpX6 f0a4d)s-uou ‘uoado] :[eyubiqg
(L Apmys ‘safa G6) g UOHEDISAAUI JOPUT POYISY

3N %® Jsibojowreyyydo / uerdiuysa 4o seydeibojoyd
anuay Buipeay / (yoeasynQ) ad1joeid [eIdUdL5)

onelpAp

dg9/xpz0L ‘.SHXZ ‘SSMYN uoodoy :1eybig

(L1L9¢) g UOHEBISSAUT JopUN POYIOY

exjsibojowreyydo / YN

(auraipawayjey) 3sibojowreyiydo / (Yyoeanno) dweos sowwng
oaneupAw-uoN

40}1UOJ UO WLIOj £XE [ ,GpX6 {"0a4d)s-uou ‘uoado] :jeybiq
(z Apms ‘19) D UopEBISAAUT J8pUN POYJO

(Buipeab abew Zx sijeroads snaqelq 2) ‘yaydo / UN
a1uljo yusnedino

oneLpAp

abe|j0d py/wioy £X§ f,GpX6 F0ald)s-uou ‘uoado] :1eybig
(L Apn}s ‘safa G6) ¥ uonebiIsaAul Jopun poyja
Jsibojowreyaydo / ueiojuysay Jo saydeisbojoyd

8N/ (yoranngp) aonoeid jessus

oneupAw-uopN

dg9/xpz0L ‘.S¥XL ‘SSMYN uoado] :1eybig

(L1L9¢) ¥V UOHEBISAAUT Jopun POoyJo/

Jsiferoads |eunay / Jaydeibojoyd oiweyiydo paurel |
ao1j0B1d Buljey

oneupA

dgo0zx0v0g ‘,0€x| :o1doosoalsys ‘0sy4d ssiez :[eybia
(¥01) ¥V UonEbFSeAU] J8pun PO/

61X dO

dN

oneupAn

(sureH) yoaa1q "pund

(z52) v uonebseAus Jepun poy3aj

12 X31suawoydo pauiel |

8o1j0B.1d Jsujpwo}do

oneupA

dwey-)s 'pun4

(v06v) ¥ UOEBISaAUT Jopun PoyJa/

1s160oj0jeqelq / suelolulD-8sINN

dN

(uoneyip [ediBojoisAyd) onenpAw-uoN

oS X | 1642 Wii4 IN0j0D ‘AINGY 4O Uoue) :plosejod
(zzs) v uonebisaAuy Japun Poyjaj

Japels / ¢ X 1sibojowleyydQ Juspisay paulel|

anue) Buipeay / YN

oneupAp

.G X | “"08l8)s-Uou :esowe)

(£1v) ¥V uopebisaAu] Jopun poyjoly
19)aididyu| / Jaydesboloyd
13ja1diaju] / ojoyd 0 uoieso]
aneipAw-uoN / aneLpAW

uolnjosal sp|ay u jusawniisui
(u) poyjay Buluaaiog
Telawe)

jsibojowreyydo

N

oneLpAp

YN :pund

(4N) piepuejs sdusivjey

Jsibojowreyyydo

(yaeannQp) asnoeid jesouss

onelpAp

(as.) Adoasousiwolq dwej-is 9 329.1q :"pund
(6¥S L) piepue}s adudisjoy

Isi|eloadg [euney

ao10eld eullay

oneupAN

(nons Been) dwel-is ‘(slfeuSD HIOA) "0Iq SUS| JOEBUOD "pung
(¥01) PTEpUE]S B3UBIBfOY

Zx1s1bojowieyydo

[endsoH

oneupAp

(suteH) yoau1q "pung

(z52) prepuejs sousisfoy

1siBojowjeyydo

aonoeld isibojoweyydo

oneupAN

J08u1pu] ‘pasinbai i %8 {(Q09 B 06) dwel-}iS "pund
(6v8) p1epue}s adusidfoy

Z x1sl|eioads |euney

S\

oneupAN

(10B3U0D |BBUIODNIOA Q06) dWel-HIS B 1o8JIpU| J081IQ "puUnd
(zzS) p1epuejs aduaiajoy

cX ww_mo_o_.t_mcyr_ao JuspiIsay paulel |

N

oneupAN

Adoosouojwolq dwel-)|S % 198J1pu| "pun

(LZ¥) PTEpUE]S 8oUdIafoY

ueIulD

uoleso]

aneipAw-uoN / oneupAn

juswinijsuj

(u) poyjay Bulusaiog

:u:oo
(z002) eqiys

(z002) eqrys

(ec00z)
uojueasg

(z002)
Asiupny

(z661)
siapussy

(1002) peseid

(c661) siored

(9661)
uewuad

39



ueIuyoa | 'yae
aseasiq /3 buiusjeaiyj-ybis :g3.1s
adoosowyeypydo 4ese7 buiuuess :07S
Jsiferoads jeuney 'S oy

(s)ieaf :(s)if
anjebau ‘an-
anjisod on+

Z xsibojoweyydo / UN

N /21Ul 943 oaqelq 4o dpeqgelq [eJeusD

oneLpAw-uoN

SGPX | ‘Wl 00Z dWOoIYoepoy/ '|0d ‘£HD uoue)H/emoy] :elswed
(seha 0g| :z9) g uonpebipsaAul Jopun poyja)]

}suwoldo

1suwoldo Ajlunwwon

(YN Eeu8)u0) pajesipuleliuod ssajun olelpA

(%6) YN /19941Q (%16) PleU-pueH @ dwel-)|S ‘JoaJipu] :"pund
(on— €6+ ‘On+ UDBIOS 66 (0L GE) V UuonebisaAul Japun poyjopf
1sHjowoydo paurel |

oo ABojowieyydo [ealpsy

oneupAN

(sureH ‘00z e¥eg) 30941Q "pund

(002) g uoneBRSaAUl 15pUN POYISI

yx 1s16ojowieyydo

N

oneupAp

Jo8lIpu| pun4

(11) @ uoneBSaAUI JopUN POYIB)
X JUBPISaY [B2IPS|\ JoIusS

S\

oneupA

Joalig 'pun4

(11) g uonebjFSaAUT 1opun POy
ueiisAyd aiua) sajaqgelq

aljua) sajegelq |eydsoH

oneupAN

joaliq 'pun4

(€G1) g uopebSaAUT JapuUN POoya

Jousjsod :jsod
(s)sned :(shid

js1bojowreypydo yydo

sjoxid :d

papoday JON ‘HN
o.sQoomomg&m-EO: .'oalgjs-uou
syyuow ow

|auuos.iad [eoIpapy ‘P

s8jaqelp ul jsalsjul Yim do

oluD 943 oegelq 10 degeIq [BIBUSD)
oneupAn

YN "pung

(sehs 0zl :Z9) ¥ uonebpsaAul 1opun poyjopy
1s16ojoweyydo

(en+ usaios QY| / £6) § PIEPUE]S 9oUdI9jo Y
do pauel|

olug ABojowleyyydo [eolpsiy
oneupAn

(suteH ‘00z e1eqg) J0811q :"pun4

(002) v uonebsaAUT 15pun poyJoi
£x 1s1eadg [eunay

EIN

oneupAn

Joalipu] :pun4

(11) 3 uonebnseAur 1epun poyjajy
Zx1s1bojojeqelq

N

oneupAn

jo8a.1q pun4

(11) D uonebpsaAur Jspun poyoil
0LX suisju|

N

oneupAn

j0841q pun4

(11) v uonebisaAuy 1opun poyjaj
isibojowieyydQ / 8sinN

UN / 8ua) ssjeqelq [e)dsoH
(uoneyip [eai6ojoisAyd) oneupAw-uoN
.G¥ ‘4VN G ¥ uoue :plosejod
(£G1) ¥ uonebpsaAur 1spun poyjajy
19)aididyu| / Jaydesboloyd
13ja1diaju] / ojoyd 0 uoieso]
apAw-uop / oneupApn

:_ow.w._ ispjayy u fJuswnaysul
(u) poyjay Buluaaiog
Telawe)

Juspuadapuy :*dapuy

weuboid buiussaids [e)IdsoH ‘dSH
Jauonioeld [B18Uds) (49
dn-moyjoy :dn/4

Adoasopun+ ::pun-

Aydesboibuy uigasaion|H :-oibuy o
weiboud buiusaias jousia :4dSa
uenishyd sejeqeld :da

Jsibojojaqelq :joqelq
asdoip :g
Adooso.opwolq :-oiq
Jousuy Iy

pesole) 9 plog ul Seipnjs yoeannQ Aoy

JsiBojowieyydo
dN

onenpAw m&m_w_m%

J108.ipu] g J08.IQ pung o

(seha 0zl :Z9) piepUE]S douaiojoy
1s16ojoweyydo
dN

ONeUpAn cotmﬂmmm\w

susT playpuey p dwel-)|s Jo8.ipuj "pung
(an- uaalos gg) ¥V pIEPUB)S 9oUdI9joYy
1siBojowjeyydo
oo ABojowieyydo [edlpay
oneupAiN (£002) BWIBA

(auteH ‘00z B10g) 108110 "pUnd

(00z) prepuejs aousidfoy

""JU02 (2861)

uewssns

""JU02 (2861)

uewssng
(Ayuofew ; snsuasuo2) ¢x isijeloads [euilay / YN
dN

opeuphy . \2861)

o1doasoala)s plal / f'olbuy "4 % Aydeibojoyd S
(2 oibuy "4 ‘1| :010yd) pI1epue}s aduaiojoy
1siBojowjeyydo
dN

oneupAn (8661) IS

dwey-yis yohs BeeH g (ag. @ 0Z) 1841puj -"pung
(051) p1epuejs aouaisjoy

oneupAw-uoN / oielipA
juawnysuj
(u) poyjay Bulusaiog

40



1s16ojowjeyiydo / uerdiuyoa ] Jo aydesbojoyd
alua) Buipeay / [endsoH

oneupA

d009%008 .SPXE ‘SOMN DY L uoodo] :jeybig
(c01) @ uonebfSaAU] JopUN POYFSI

1s1Bojoweyiydo / uedluyds] Jo aydesbojoyd
alua) Buipeay / |eydsoH

oneupAN

dog¥X0v9 L.GPXE 'ASSMN Od 1 uoodo] :[eybig
(151) g uoebRSaAul 15pUN POYISI

(posew) ¢ x s1epelD NAM payiue) / siebewl NAP payiHe)
uol}eo0| swes / aiua) sayegelq

oljelpAw-uoN

.S X € ‘waejsAs |eunal oapia [eyBIp NAP :[eNbIg

(zG) V uonEBSaAUT Jopun poyIopy

(‘pajeaipnlpe sey O “dopul) z x isijel0ads [eunay / YN
U0 oneqelq [endsoH

oneupAw-uoN

dge/xpz01 ‘("zHoy/ HaA) ,09/,.G¥X| ‘9MHD uoodo] :[eybig
(86) v UoEBSSAUT J5pUN POYIOY

slapelo) pauel] /isHjdwoldQ Jo Jeydeibojoyd

N / 8dhjoeld [edlul|D eaue) ssjegelq

oneupAw-uoN

(ds1p 0} [eseu / Jouadns) ,GpXZ ‘GGMN Od L u0ddo] NAF ‘w4
(seka 9¢ ‘g|) g uonebnsaAul Jopun pPoyjajy

N

SPJ023l |[BDIpaW JO 921}0eld [BIlUl|D 84)ud) sa}ageld
oneupA

(V) SY WOl S)NSBI IO [ +,0€X/ ‘W[ WWGE ‘SSI9Z ‘wi4
(spJooau [edIpawW - / + ‘9|) D PIBPUE}S 8oUBISfoY

1s16ojoweyydo / ueroluyoa ] Jo Jeydeibojoyd
anua) Buipeay / |eudsoy

oneLpAw-uoN

d009x008 ‘.SPX) ‘SOMN DY 1 uoado] :eybig
(c01) D uonebiSaAUT J8pUN POYJSY

1s1bojoweyydQ / uediuyds ] Jo saydesbojoyd
anue) bBuipeay / [edsoH

oneLpAw-uoN

dogx0v9 ‘.GrXL ‘4SGMN O¥ 1 uoodo] :[eybig
(151) vV uonebnsaAur 1apun poy3si

Isijeroadg [eunoy
aJjua) sajagelq
oneupAn

‘pung

(¢5) g PIEpUE}S ooUBIDjoY

Isieroads [eunay
o1ul onegelq [endsoH
oneupAp

dwel-ys 'pund

(86) g pIEpUE}S BoUBIBfOY

slapels) paulel] /isujpwoldQ Jo saydeibojoyd

N /89)0eId [edlUl|D 8hue] seleqeld

oneLpAw-uoN

(einoew / 9s1p) ,GHX | ‘GGMN OH.L U0ddol NAT :[eybia
(seha 9¢ ‘gl) V¥V uonebsaAul jepun poyja

N

N /201081 [BDIUID B13USD SBjegel]

oneupAn

(V) SY wouy s)nsa1 4o / + 06X/ X0 O¥.L uoodo] :[epbig

(1) g p1epue}s aduaiojoy

19)aididyu| / Jaydesboloyd
19)21dud)u| / 0joyd O uoijeso]
aneipAw-uoN / aneLpAW

njosal ispjaly u juswniisuj
(u) poyjay Buiuaaiog

elswe)

ysiBojowieyydo

[endsoH

oneupA

>Qoomo._o__to_n n_Em_-u__w RQ 108l1pu| ,uow.__n_ Ipung
(¥52) 'g piepuejs sousidfoy

N

anua) Buipesy / [eydsoH

N

L0EXZ ‘1A0S DY 1 uoodo] w4
(¥52) v p1epue}s sousisfoy

(poxsew) ¢ x s1epelD NAM PayINeD / UN
uoljed0| BWes / aua) sajagelq
oneupAn

pial / ‘01doos08ia)s ‘Wil WWGE (w4
(zg) vV piepue)s adusiajod

(pereipnipe gy “depur) "sey 'O B 'S 9y / Jeydelbojoyd
olul|D oneqelq endsoH

oneupAN

,0€X/ ‘01d0os08Ia)s (eIBWED

(86)V piepue}s aoUBI0}0Y

1sijeroads [eunay

aoljoBId |BOIUID 81Ud) Ssajaqelq
oneupAp

Adoosouoiwolq dwel-)|S % 10841pu| "puny
(sohe 9¢ 'g1) ¥V piepue}s sousId}oY

1D

uopeso]

oneupAw-uoN / oielipA
juawnysuj

(u) poyjay Buiusaliog

U092 ($002)

aouaime]

(¥002)
{duaimen]

(5002)
ouels||eae)

(€002)
Jayonog

“JU0d
(8661) i@y

(8661) oll@Y

uonejyd

(2=u) spiepue}s asuaiajoy a|di}NN Y}M Salpn)s :SpoylsN Buiuaaloag 96 ajgel

41



JBOILIBA [ "LIBA
Jsie0ads feuey 'S oy

61 X IsHjewoldo / ¥N

N

N

wiid

(sepiis z|) g UoebSaAU] Jopun Poyaif

Joyiny Apmig / YN

anua) Buipesy / 21Ul S8jeqeIq J0 OlUlD HA [eldsoH
oneupA

dgosxg9/ .SHXZ (YoIMION) 94D (P10xQ) 4O uoue) :[eybiq
(6€2) ¥ UonEBSAAUT J9pUN POYUIB/

uerando / 1oydeibojoyd ‘uerondo

N / (uea ajiqow) yoeanno

onelpAp

(einoew) piayy L ‘WNSH »8D Uoue) :ploejod + YN :"pund
(€6¥) @ uonEBSSAUT JSpPUN POYIOY

d9 /48ydeibojoyd ‘4o

3N / (uea ajiqow) yseanno

aneLpAy

(einoew) pjay L ‘WNS¥ »¥D uoue) :ploiejod + N "pund
(L15) g uonebSaAUl 19pUN POYISH

pJepuejs 8ousisjoy Sy
sjexid :d
juspisay ABojowreyiydo sey ‘0

61 X isujpwoldo

aled jsijeloads Jo Alepuodas
oneupAn

SU8| snpun4 Jo }oadipu| ‘Joaaiq "pun4
(01) v uonebisaAuy 1opun poyjaj

1sibojoweyiydo

oluNID sajedel 40 d1UlD ¥Q [eNdsoH
oneupAn

(@8L) yaupu| g Joa.1Q :"pund

(6€2) g piepue}s sdusisfod

Jsijeroads jeaibojowreypydo ; soydeibojoyd
YN / (a11qow) yoeanno

oneupAW

pIal L JWINSY $D uouey :plodejod

(¥N) 3 uonebiyseAur 1opun Poyjo

uepRdo

(anrqow) yoeanno
oneLpAp

YN 'pungd

papoday JON ‘HN
o\Qoomomgmumuto: .'0al8)s-uou
YIOMJBN UOISIA UISOL NAFP

(€6v) D GOREBHSOAU] 1opUI POGIHI

do

(aiqow) yoea3no

oneupAW

YN :pund

(L1) v uoieBSeAu] jopun poyjoi

19)aididyu| / Jaydesboloyd
13ja1diaju] / ojoyd 0 uoieso]
oneupAw-uoN / onelipA

uolnjosal sp|ay u jusawniisul
(u) poyjay Buluaaiog

Telowie)

Juspuadapuy :dapuy
|ejuoziioy :zuoy
Jauonoeid [B1ausn) (49

Adoaosopun4 :‘pun4

Aydeiboibuy uiasaion|H :-oibuy o
asdoip :g

pasiolfeyl  pjoq ul saipnjs yoeauno Aay

Jaquiaw yeys AjawoydQ jo Juswpedaq / YN

Mn “"JUod
wyy (6002) PruwS

(seplls Z|) g p1epue}s aousiojoy
(-dapur) Jaquiaw yeys AljawoydQ jo juswpedaq

dN
oneupAiN (200Z) Plwiyos
"pung
(01) ¥ p1epue}s aduaiojoy
6 UN o“ dN
aJjus uipel alul sajagel 40 Jlul ejaso
JuaQ Buipets / oluD sejeqelq .._omoo__gw_ix _mmm:omws
(yomIoN) ,GEX/2 X0G uoodo] ‘(pIoXQ) ,0EX/ SSIBZ “Wii4 1ueos
(6€2) V paepue)s aousiajoy
“*"Juod
(9661) a1eH.0
“*"Juod
(9661) @1eH.0

jsibojoweyyydo / soydeisbojoyd ‘ysibojowjeyyydo
3N / (uea sjiqow) yseanno
oneupAy (966L) 91eH.0
(einoew) pjay L ‘WNS¥ ¥¥D uoue) :ploiejod + YN "pund
(4N) Piepue)s aousiofoy

uepiuly

uoneso]

oneupAw-uoN / oielipA
juawnysuj

(u) poyjay Bulusaiog
TUOHEUIWEXT [EJUID

uonjejd

42



Results - Sensitivity and Specificity

SENSITIVITY AND SPECIFICITY
Summary of Sensitivity / Specificity and Kappa outcome measures

Following re-classification of outcome categories using the ICDR (see Methods), a total of 25 outcome
categories were identified, comprising a mix of ‘stand-alone categories’ and ‘categories as thresholds’
(i.e. where the outcome was defined as that category or worse on the ICDR scale).

Forty-three of the 62 studies measured Sensitivity / Specificity, generating a total of 197 Sensitivity /
Specificity measures. Twenty studies measured Kappa, generating 103 Kappa measures.

Table 10 describes the frequency of these outcome measures by outcome category (in some cases,
Specificity was not reported; counts are based upon sensitivity measures). Only three outcome categories
generated over 20 measures; ‘Any DR’ (40 Sensitivity / Specificity measures), ‘Agreement across a
grading system’ (44 Kappa measures) and ‘Moderate NPDR as a threshold’ (29 Sensitivity / Specificity
measures).
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Results - Sensitivity and Specificity

Table 10: Summary of Sensitivity / Specificity and Kappa outcome measures

Outcome Measure 4 (S"_I S-,,) n (z:,:,s . nn;?;;ds; "' (Sn/Sp) | n (Ka!)p.a) : (:::?a) n“(nli(::dp;a) (Ka:Pa)
Mydriatic |y driatic NR TOTAL | Mydriatic | . qatic NR TOTAL
Any DR 23 12 5 40 6 6 4 16
ME 9 6 0 15 3 3 0 s |
Extent of ME 1 3 0 4 —
> ME 1 1 0 2 0 1 0 5
CSME 4 4 1 9 1 1 1 : R
Agreement across a : 4 0 5 18 18 s w [
Mild NPDR 1 0 1 2 | 2|
> Mild NPDR 1 1 0 2 1 1 0 > N
Moderate NPDR 1 3 1 5 0 1 0 N |
> Moderate NPDR 17 10 2 29 2 3 0 s
Severe NPDR 0 1 0 1 0 1 0 1 R
> Severe NPDR 6 3 0 9 1 1 0 2 n
Mgg,RModerate & Severe 0 0 1 1 -
PDR 2 1 2 5 1 1 0 2
2 PDR 4 3 0 7 0 1 0 N s
mgd or Moderate NPDR & 12 0 0 12 n
2 Moderate NPDR & / or 1 3 0 4 -
ME or Ungradable
> Moderate NPDR or ME 13 4 0 17 7 3 0 10
Moderate NPDR or CSME 0 1 0 1 _
> Moderate NPDR & CSME 0 1 0 .
igl';;gerate NPDR or 6 0 0 6 -
ZMI\EIIoderate NPDR &/ or 2 13 0 0 13 -
> Severe NPDR or ME 9 2 0 1 2 1 0 3
> Severe NPDR & ME 1 0 0 1 1
PDR or CSME _
T I I I 2 O I T e A
Key:

CSME: Clinically Significant ME; ME: Macular Oedema; NPDR: non-proliferative DR; NR: Not Reported; PDR: proliferative DR; S,: Sensitivity;
S,: Specificity

Sensitivity / Specificity for all outcome measures

Table 11a — 11v detail all Sensitivity and Specificity measures for all outcome categories. Figures
generated from outreach methods are highlighted in bold and italicised in tables, and described
separately in text. For each outcome, the screening methods are divided according to mydriatic status
(mydriatic, non-mydriatic, mixed / not reported) and where appropriate, means for each category of
mydriasis have been calculated.
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Results - Sensitivity and Specificity

Table 11a: Sensitivity and Specificity to detect ANY DR (n=40)

Mydriatic (n=23)

Screening Photo
mm sens“IVIty (95% CI) speCIfICIty (95% CI)

Neubauer (2008a) Digital 99 (97 - 100) 86 (74 - 90)
. Photo. /
Lawrence (2004) Digital 3 Tech. Ophth. S 85 81
- Photo. /
Lawrence (2004) Digital 3 Tech. Ophth. S 66 86
- Photo. /
Murgatroyd (2004) Digital 3 Tech Ophth. NR 90 (86 - 93) 90 (88 - 93)
. Photo. / Trainee
Olson (2003) Digital 2 Tech. Ophth. NR 83 (77 - 89) 79 (75 - 83)
. Photo. / Trainee
Olson (2003) Digital 1 Tech. Ophth. NR 80 (74 - 86) 88 (84 -91)
- Photo. /
Murgatroyd (2004) Digital 1 Tech Ophth. NR 86 (82 - 90) 91 (89 - 94)
Taylor (1999) Digital 1 NR NR S 74 (68 - 80) 96 (94 - 98)
Baeza (2009) Film 3 GP Ophth. S 85 (80 - 90) 94 (91-97)
Baeza (2009) Film 2 GP Ophth. S 86 (81-91) 95 (92 - 98)
. Photo. / Trainee
Olson (2003) Film 2 Tech. Ophth. NR 89 (84 - 94) 89 (86 - 92)
) Photo. / Trainee
Olson (2003) Film 1 Tech. Ophth. NR 86 (80 - 92) 92 (88 - 94)
Baeza (2009) Film 1 GP Ophth. S 77 (71 -83) 98 (96 - 99)
Taylor (1999) Polaroid 1 NR Grader S 72 (66 - 78) 88 (85-91)
Hulme (2002) Exam - - Opto. S 72 77
Kleinstein (1987) Exam - - Opto. NR 74 (67 - 81) 84 (73 - 96)
Optician
Olson (2003) Exam - - / Opto. S 75 (67 - 83) 82 (79 - 86)
Reenders (1992) Exam - - GP NR 52 84
Siu (1998) Exam - - Diabet. / s 41(20 - 62) 93 (88 - 97)
Endo.
Verma (2003) Exam - - GP S 97.7 83.6
Verma (2003) Exam - - Opto. S 86.5 88.1
Williams (1986) Exam - - GP S 93 93
Taylor (1999) Polaroid + 1 NR NR s 92 (86 - 98) 89 (87 - 91)
xam
Mean (Range) Sn: 80.1 (41-99) Sp: 88.1 (77 - 98)

Key: Diabet.: Diabetologist; Endo.: Endocrinologist; GP: General Practitioner; NR: Not Reported; Ophth.: Ophthalmologist; Opto: Optometrist;
Photo.: Photographer; Re S: Retinal Specialist; S: Static; Tech.: Technician
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Results - Sensitivity and Specificity

Non-Mydriatic (n=12)

Screening Photo
mm senSItIVIty (95% CI) specrﬂc'ty (95% CI)

Lopez-Bastida

(2007) Digital 92 (90 - 94) 96 (95 - 98)
Bursell (2001) Digital 3 NR Grader S 94 76
- Photo. /
Lawrence (2004) Digital 1 Tech. Ophth. S 66 66
- Photo. /
Lawrence (2004) Digital 1 Tech. Ophth. S 76 45
- Photo. /
Murgatroyd (2004) Digital 1 Tech Ophth. NR 83 (78 - 88) 91 (88 - 94)
Baeza (2009) Film 3 GP Ophth. S 79 (73 - 86) 96 (93 - 99)
Baeza (2009) Film 2 GP Ophth. S 76 (70 - 83) 97 (94 - 95)
Baeza (2009) Film 1 GP Ophth. S 68 (60 - 75) 98 (96 - 100)
Peters (1993) Polaroid 1 Nurse ~ Diabet/ NR 85 93
Endo.
Siu (1998) Polaroid NR Nurse Ophth. S 64 (43 - 85) 90 (84 - 96)
. Photo. /
Friberg (2003) SLO NR Tech. Re S NR 94 83
Williams (1986) Polaroid or Film 1 NR Ophth. S 96 98
Mean (Range) S, 81.1 (64 - 96) Sp: 85.8 (45 - 98)

Key: Diabet.: Diabetologist; Endo.: Endocrinologist; GP: General Practitioner; NR: Not Reported; Ophth.: Ophthalmologist; Photo.:
Photographer; Re S: Retinal Specialist; S: Static; Tech.: Technician

Mixed Mydriatic / Non-Mydriatic or Mydriasis Not Reported (n=5)

Screenin Photo
InStrumer?t mm senSItIVIty (95% CI) speCIfICIty (95% CI)

Molina Fernandez

2008, Digital Ophth. 76.6 (64.3 - 85.9) 95.2 (90.7 - 97.9)
Molina Fernandez Digital 3 GP GP S 78.4 (67.3 - 87.1 78.6 (72.4 - 84
(2008) igita 4 (67.3-87.1) 6(72.4 - 84)
Herbert (2003) Digital 1 Nurse Re S S 38.2 95.5
Digital (85%
Maberley (2002) patients were 1 Mixed Re S o 84.4 79.2
dilated)
Schmid (2002) ~ Exam + Slide NR NR Opto. S 94 (91.1 - 96.9) 93.6 (88.1 - 99.1)

(archive)

Mean (Range) Sp:74.3 (38.2-94.0) Sp: 88.4 (78.6 - 95.5)

Key: ~ Dilation was not reported; GP: General Practitioner; NR: Not Reported; O: Outreach; Ophth.: Ophthalmologist; Opto.: Optometrist;
Re S: Retinal Specialist; S: Static
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Results - Sensitivity and Specificity

Sensitivity for mydriatic (mean 80.1, 23 measures) and non-mydriatic (81.1, n=12) methods were similar,
with a slightly lower mean value for mixed / not reported (74.3, n=5). Specificity for mixed / not reported
(88.4) and mydriatic (88.1) were similar, compared to non-mydriatic (85.8) which was instead lower.

One outreach study (Maberley 2002) measured sensitivity and specificity for ‘Any DR’. This study of 100
patients used mixed mydriasis (85% of sample mydriatic) and a 1-field digital camera (mix of imagers,

graded by a retinal specialist) and yielded a sensitivity of 84.4 (higher than all group means) and a
specificity of 79.2 (lower than all group means).

Table 11b: Sensitivity and Specificity to detect Macular Oedema (n=15)

Mydriatic (n=9)

Screening Photo
mm sens“IVIty (95% CI) speCIfICIty (95% CI)

Neubauer (2008a) Digital 95 (90 - 97) 84 (74 - 90)
Fransen (2002) Digital 7 Photo./ Grader s 87.8 93.8
Tech.
- Photo. /
Hansen (2004) Digital 5 Tech. NR S 73.3 96
. Photo. / Trainee
Olson (2003) Digital 2 Tech. Ophth, NR 83 (61 - 95) 83 (80 - 86)
. - Photo. /
Rudnisky (2002) Digital 1 Tech. Re S S 82 90
Pugh (1993) Film 3 Nurse NR NR 68 99
. Photo. / Trainee
Olson (2003) Film 2 Tech. Ophth, NR 83 (61 - 95) 84 (81 - 87)
Olson (2003) Exam - Optician S 46 (19 - 75) 92 (90 - 95)
/ Opto.
Williams (1986) Exam - - GP S 94 95
Mean (Range) Sp: 79.1 (46 - 95) Sp: 90.8 (83 -99)

Key: GP: General Practitioner; NR: Not Reported; Ophth.: Ophthalmologist; Opto.: Optometrist; Photo.: Photographer; Re S: Retinal
Specialist; S: Static; Tech.: Technician

Non-Mydriatic (n=6)

Screening Photo
mm sens“IVIty (95% CI) speCIfICIty (95% CI)

Photo. /
Hansen (2004) Digital Tech.
Hansen (2004) Digital 5 Opto. NR S 91.7 91.5
Bursell (2001) Digital 3 NR Grader S 62 95
Cavallerano - Photo. /
(2005) Digital 3 Tech. Grader S 100 97.1
Pugh (1993) Film 1 Nurse NR NR 89 79
Williams (1986) Polaroid or 1 NR Ophth. s 100 96

Mean (Range) S,:86.0 (62 - 100) S,:91.6 (79-97.1)

Key: NR: Not Reported; Ophth.: Ophthalmologist; Opto: Optometrist; Photo.: Photographer; S: Static; Tech.: Technician
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Results - Sensitivity and Specificity

Mean sensitivity was higher for non-mydriatic (86.0, n=6) than mydriatic methods (79.1, n=9). Specificity
values were similar (non-mydriatic mean 91.6, mydriatic mean 90.8).

No outreach studies measured this outcome.

Table 11c: Sensitivity and Specificity to detect 2 Macular Oedema as a threshold (n=2)

Mydriatic (n=1)

Screenin Photo
InStrumer?t mm senSItIVIty (95% CI) sPeCIfICIty (95% CI)

Hammond (1996) Exam Optician
Key: NR: Not Reported; S: Static

Non-Mydriatic (n=1)

Screening Photo 0 0
mm sens“lv'ty (95 /o CI) speCIfICIty (95 /o CI)

Bursell (2001) Digital Grader
Key: NR: Not Reported; S: Static

Table 11d: Sensitivity and Specificity to detect Clinically Significant Macular Oedema (CSME) (n=9)
Mydriatic (n=4)

Screening Photo
mm seHSItIVIty (95% CI) sPeCIfICIty (95% CI)

Neubauer (2008a) Digital 91 (79 - 97) 80 (69 - 88)
Rudnisky (2002) Digital 1 Photo./ e s s 90.6 92.4
Tech.
. . Photo./  Optician
Harding (1995) Film 3 Tech. / Opto. o 61 (44-78) 99 (98 - 100)
Harding (1995) Exam - - Ophth. S 64 (47 - 81) NR
Mean (Range) S, 76.7 (61-91) Sp:90.5 (80 - 99)

Key: NR: Not Reported; O: Outreach; Ophth.: Ophthalmologist; Opto: Optometrist; Photo.: Photographer; Re S: Retinal Specialist; S: Static;
Tech.: Technician
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Results - Sensitivity and Specificity

Non-Mydriatic (n=4)

Screening Photo
mm SenSItIVIty (95% CI) SpeCIfICIty (95% CI)

Bursell (2001) Digital Grader
Neubauer (2008b) sLo NR Photo./ " Re s s 93 89

Tech. +
Neubauer Photo. /
20060) sLo NR pholo/ Res s 93 72
Neubauer (2008b) sLo NR Photo./ pes s 89 83

Tech. +

Mean (Range) Sn:75.5 (27 - 93) Sp: 85.5 (72 - 98)

Key: NR: Not Reported; Photo.: Photographer; Re S: Retinal Specialist; S: Static;, Tech.: Technician; ‘+’: includes qualified healthcare
professional

Mixed Mydriatic / Non-Mydriatic (n=1)

Screening Photo
mm SenSItIVIty (95% CI) SpeCIfICIty (95% CI)

Digital (85%
Maberley (2002) patients were Mixed Re S
dilated)

Key: O: Outreach; Re S: Retinal Specialist

Mean values were similar for sensitivity (mydriatic 76.7, n=4; non-mydriatic 75.5, n=4). Specificity was
higher for mydriatic methods (90.5 vs. 85.5).

Two outreach studies measured sensitivity and specificity for ‘CSME’. Harding (1995) studied 326
patients using mydriatic 3-field film camera (photographer / technician imager, graded by optician /
optometrist) yielding a sensitivity of 61.0 (higher than all group means) and a specificity of 99.0 (higher
than all group means). Maberley (2002) studied 100 patients using mixed mydriasis (85% of sample
mydriatic) and a 1- field digital camera (mix of imagers, graded by a retinal specialist) and yielded a
sensitivity of 90.0 (higher than all group means) and a specificity of 97.1 (higher than all group means) for
this outcome.

Table 11e: Sensitivity and Specificity for Agreement across a Grading System (n=5)

Mydriatic (n=1)

Screening Photo
mm SenSItIVIty (95% CI) Specrﬂc'ty (95% CI)

Prasad (2001) Exam Opto. 66.0 (65 - 67) 97.0 (97 - 98)
Key: Opto.: Optometrist; S: Static
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Non-Mydriatic (n=4)

Screening Photo
mm SenSItIVIty (95% CI) SpeCIfICIty (95% CI)

(Cze(z)\(/):z_)ll)erano Digital P.:j:é% / Grader
Ahmed (2006) Digital 3 Froto- /- Res s 98 86
Kuo (2005) Digital 1 PThgéf]'_/ Re S s 53.8 89
Kuo (2005) Digital 1 P?gé‘r’]'_’ Dlizan":je;: / s 45 75.3
Mean (Range) S, 742 (45-100) S, 87.1(75.3-98.1)

Key: Diabet.: Diabetologist; Endo.: Endocrinologist; Photo.: Photographer; Re S: Retinal Specialist; S: Static; Tech.: Technician
Mean values for the 4 non-mydriatic methods were 74.2 for sensitivity and 87.1 for specificity. Only one
mydriatic method measured this outcome, yielding a sensitivity of 66.0 and specificity of 97.0.

No outreach studies measured this outcome.

Table 11f: Sensitivity and Specificity to detect Mild NPDR (n=2)
Mydriatic (n=1)

Screening Photo

Schmid (2002) Exam Opto.
Key: Opto.: Optometrist; S: Static

Mydriasis Not Reported (n=1)

Screening Photo
mm SenSItIVIty (95% CI) SpeCIfICIty (95% CI)

Schmid (2002) Film Opto.
Key: NR: Not Reported; Opto.: Optometrist

Table 11g: Sensitivity and Specificity to detect 2 Mild NPDR as a threshold (n=2)

Mydriatic (n=1)

Screening Photo

Boucher (2003) Exam
Key: Re S: Retinal Specialist; S: Static
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Non-Mydriatic (n=1)

Screening Photo
mm SenSItIVIty (95% CI) SpeCIfICIty (95% CI)

Boucher (2003) Digital
Key: NR: Not Reported; Re S: Retinal Specialist; S: Static

Table 11h: Sensitivity and Specificity to detect Moderate NPDR (n=5)

Mydriatic (n=1)

Screening Photo 3 3
mm seHSItIVIty (95 A’ CI) sPeCIfICIty (95 A) CI)

Hammond (1996) Exam Optician
Key: S: Static

Non-Mydriatic (n=3)

Screening Photo
mm SenSItIVIty (95% CI) SpeCIfICIty (95% CI)

Phiri (2006) Digital Re S 86.2 (65.8 - 95.3) 71.2(58.1-81.1)

Bursell (2001) Digital 3 NR Grader S 86 76

Phiri (2006) Polaroid 1 NR Re S S 84.1 (65.5-93.7) 71.2(58.1-81.1)
Mean (Range) Sp:85.4 (84.1-86.2) Sp: 72.8 (71.2-76)

Key: NR: Not Reported; Re S: Retinal Specialist; S: Static

Mixed Mydriatic / Non-Mydriatic (n=1)

o Screening Photo - T A o 3
mm senSItIVIty (95 A CI) sPeCIfICIty (95 A, CI)

Digital (85%
Maberley (2002) patients were 1 Mixed Re S (o) 91.2 82.2
dilated)

Key: O: Outreach; Re S: Retinal Specialist

Mean values for the 3 non-mydriatic methods were 85.4 for sensitivity and 72.8 for specificity. Only one
mydriatic method measured this outcome, yielding a sensitivity of 92.0 (specificity not reported).

One outreach study measured sensitivity and specificity for ‘Moderate NPDR’. Maberley (2002) studied
100 patients using mixed mydriasis (85% of sample mydriatic) and a 1-field digital camera (mix of
imagers, graded by a retinal specialist) and yielded a sensitivity of 91.2 (higher than all non-mydriatic
values, lower than mydriatic value) and a specificity of 82.2 (highest value of all) for this outcome.
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Table 11i: Sensitivity and Specificity to detect 2 Moderate NPDR as a threshold (n=29)

Mydriatic (n=17)

Screening Photo
mm sens“lv'ty (95% CI) specrﬂc'ty (95% CI)

Neubauer (2008a)

Hansen (2004)

Lawrence (2004)

Lawrence (2004)
Taylor (1999)
Harding (1995)
Pugh (1993)
Pugh (1993)

Taylor (1999)
Lawrence (2004)
Lawrence (2004)
Harding (1995)
Lin (2002)
Boucher (2003)

Pugh (1993)

Pugh (1993)

Taylor (1999)

Key: NR: Not Reported; O: Outreach; Ophth.: Ophthalmologist; Opto: Optometrist; Photo.: Photographer; Phys. Ass.:

Digital
Digital
Digital
Digital
Digital
Film
Film
Film

Polaroid
Exam
Exam
Exam
Exam

Exam

Exam

Exam

Polaroid +
Exam

Photo. /
Tech.

Photo. /
Tech.

Photo. /
Tech.

NR

Photo. /
Tech.

Nurse

Nurse

NR

Re S: Retinal Specialist; S: Static; Tech.: Technician

NR

Ophth.

Ophth.

NR

Optician
/ Opto.

Grader

Trainee
Ophth.

Grader
Ophth.
Ophth.
Ophth.
Ophth.
Re S

Ophth. /
Re S

Phys.
Ass.

NR

NR

NR

”w »u nu nu nu u

NR

NR

Mean (Range)

52

99 (94 - 100)

95.2

82.7

90.3
85 (80 - 90)
47 (21-93)
81
64

90 (86 - 94)
84.6
85.6

40 (15 - 65)

34
733

33

14

95 (91 - 99)

S,:70.0 (14 - 99)

92 (73 - 99)

95.2

NR

NR
98 (96 - 100)
100
96
90

97 (95 - 99)
NR
NR

99 (98 - 100)
100
99

99

99

97 (95 - 99)

S,:97.0 (90 - 100)

Physician Assistant;
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Non-Mydriatic (n=10)

Screening Photo

Photo. /
Hansen (2004) Digital Tech.
Hansen (2004) Digital 5 Opto. NR S 97.7 87.5
Lawrence (2004) Digital 1 Frot. " Ophth. s 773 NR
ech.
Lawrence (2004) Digital 1 Photo. /- 5hh. s 78.2 NR
Tech.
Lopez-Bastida -
(2007) Digital 4 Re S NR S 100 100
. - Photo. /
Lin (2002) Digital 1 Tech. Grader S 78 86
. L Photo. /
Lin (2002) Digital 1 Tech. Grader S 100 71
Boucher (2003) Digital 2 NR Re S S 94 941
Pugh (1993) Film 1 Nurse Grader NR 61 85
. Trainee
Pugh (1993) Film 1 Nurse oot NR 54 87
Neubauer (2008b) sLo NR Photo./ pes s 94 100
Tech. +
Neubauer (2008b) sLo NR Photo./ pes s 94 100
Tech. +
Neubauer (2008b) sLo NR Photo./ pes s 94 100
Tech. +
Mean (Range) Sh:83.6 (54 - 100) Sp: 90.7 (85 - 100)

Key: NR: Not Reported; Ophth.: Ophthalmologist; Photo.: Photographer; Re S: Retinal Specialist; S: Static; Tech.: Technician; *+’: includes
qualified healthcare professionals

Mixed Mydriatic / Non-Mydriatic (n=2)

Screening Photo
mm SenSItIVIty (95% CI) Specrflc'ty (95% CI)

Molina Fernandez

(2008) Digital GP Ophth. 92.7 (79 - 98.1) 99.5 (96.6 - 100)

Molina Fernandez .

(2008) Digital 3 GP GP s 95.2 (82.9 - 99.2) 81.5(75.9 - 86.1)
Mean (Range) Sn:94.0 (92.7 - 95.2) Sp:90.5 (81.5-99.5)

Key: ~ Dilation was not reported; GP: General Practitioner; NR: Not Reported; Ophth.: Ophthalmologist; Opto.: Optometrist; Re S: Retinal
Specialist

Mean sensitivity was highest for mixed (94.0, n=2), followed by non-mydriatic (83.6, n=10) and mydriatic
(70.0, n=17). Conversely, mean specificity was highest for mydriatic methods (97.0) followed by mixed
(90.5) and non-mydriatic methods (90.7).

One outreach study (Harding 1995) measured sensitivity and specificity for ‘Moderate NPDR as a
threshold’. This study screened 326 patients using mydriatic 3-field film photography (technician imager,
graded by optician / optometrist) and yielded a sensitivity of 47.0 (well below group mean) and specificity
of 100 (higher than group mean).
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Table 11j: Sensitivity and Specificity to detect Severe NPDR (n=1)
Non-Mydriatic (n=1)

Screening Photo
mm senSItIVIty (95% CI) specrflc'ty (95% CI)

Bursell (2001) Digital Grader
Key: NR: Not Reported; S: Static

Table 11k: Sensitivity and Specificity to detect 2 Severe NPDR as threshold (n=9)

Mydriatic (n=6)

Screening Photo
mm SenSItIVIty (95% CI) SpeCIfICIty (95% CI)

Photo. /

Fransen (2002) Digital Tech. Grader
Lawrence (2004) Digital 3 Photo. /- pnih. s 100 NR

Tech.
Lawrence (2004) Digital 3 Photo. /- ohth. s 100 NR

Tech.
Lawrence (2004) Exam - - Ophth. S 100 NR
Lawrence (2004) Exam - - Ophth. S 91.7 NR
Boucher (2003) Exam - - Re S S 33.3 100

Mean (Range) S,:86.2 (33.3-100) Sp:95.1(90.2 - 100)

Key: Ophth.: Ophthalmologist; Photo.: Photographer; Re S: Retinal Specialist; S: Static; Tech.: Technician

Non-Mydriatic (n=3)

Screening Photo

Boucher (2003) Digital
Lawrence (2004) Digital 1 Photo. /7 oohih. s 92.3 NR
Tech.
Lawrence (2004) Digital 1 Photo. /- 5 ohth. s 92.3 NR
Tech.
Mean (Range) Sp:66.3 (14.3 -92.3) Sp: 100

Key: NR: Not Reported; Ophth.: Ophthalmologist; Photo.: Photographer; Re S: Retinal Specialist; S: Static; Tech.: Technician

Mean sensitivity was higher for mydriatic (86.2, n=6) than non-mydriatic methods (66.3, n=3) for ‘Severe
NPDR as a threshold’. Only one of the three non-mydriatic methods reported a specificity value (100),
and only two mydriatic methods reported specificity (mean 95.1).

No outreach studies measured this outcome.

54



Results - Sensitivity and Specificity

Table 111: Sensitivity and Specificity to detect Mild, Moderate and Severe NPDR (n=1)

Mydriasis Not Reported (n=1)

Screening Photo
mm senSItIVIty (95% CI) specrflc'ty (95% CI)

Moller (2002) Film NR Ophth.
Key: NR: Not Reported; Ophth.: Ophthalmologist; S: Static

Table 11m: Sensitivity and Specificity to detect PDR (n=5)

Mydriatic (n=2)

Screening Photo

Diabet. /
Sussman (1982) Exam Endo.
Sussman (1982) Exam - - Re S NR 96 93
Mean (Range) Sp:72.5 (49 - 96) Sp: 88.5 (84 - 93)

Key: Diabet.: Diabetologist; Endo.: Endocrinologist; NR: Not Reported; Re S: Retinal Specialist

Non-mydriatic (n=1)

Screening Photo
mm SenSItIVIty (95% CI) SpeCIfICIty (95% CI)

Bursell (2001) Digital Grader
Key: NR: Not Reported; S: Static

Mixed Mydriatic / Non-Mydriatic or Mydriasis Not Reported (n=2)

Screening Photo
mm SenSItIVIty (95% CI) SpeCIfICIty (95% CI)

Digital (85%
Maberley (2002) patients were Mixed Re S
dilated)
Schmid (2002) ~ Film NR NR Opto. NR 89.5 NR

Key: ~ Dilation was not reported

Only two mydriatic methods reported sensitivity (mean 72.5) and specificity (88.5). One non-mydriatic
method yielded a sensitivity of 89 and a specificity of 97. Two methods in the mixed / not reported
category reported a mean sensitivity of 94.8 and there was one sensitivity value in this group (99.7)

One outreach study measured sensitivity and specificity for ‘PDR’. Maberley (2002) studied 100 patients
using mixed mydriasis (85% of sample mydriatic) and a 1-field digital camera (mix of imagers, graded by
a retinal specialist) and yielded a sensitivity of 100 (highest value of all) and a specificity of 99.7 (highest
value of all) for this outcome.
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Table 11n: Sensitivity and Specificity to detect = PDR as threshold (n=7)

Mydriatic (n=4)

Screening Photo
mm sens“lv'ty (95% CI) specrflc'ty (95% CI)

Lawrence (2004) Digital P?:é‘; " Ophth.

Lawrence (2004) Digital 3 P?:é‘r’] " Ophth. s 100 NR

Lawrence (2004) Exam - - Ophth. S 100 NR

Lawrence (2004) Exam - - Ophth. S 100 NR
Mean (Range) Sn: 100 Sp: NR

Key: Ophth.: Ophthalmologist; Photo.: Photographer; S: Static; Tech.: Technician

Non-Mydriatic (n=3)

Screening Photo
mm sens“lv'ty (95% CI) specrflc'ty (95% CI)

Bursell (2001) Digital Grader
Lawrence (2004) Digital 1 P$°t°' " Ophth. s 100 NR
ech.
Lawrence (2004) Digital 1 Photo. /- pnih. s 100 NR
Tech.
Mean (Range) Sn: 100 Sp: 86.0

Key: Ophth.: Ophthalmologist; Photo.: Photographer; S: Static; Tech.: Technician

All sensitivity values across mydriatic (n=4) and non-mydriatic (n=3) methods were 100. Of all measures,
only one non-mydriatic method yielded a specificity value (86).

No outreach studies measured this outcome.
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Table 110: Sensitivity and Specificity to detect Mild or Moderate NPDR AND Macular Oedema (n=12)

Mydriatic (n=12)

Screening Photo
mm sens“IVIty (95% CI) speCIfICIty (95% CI)

O’Hare (1996) Polaroid P ;’::: /" Ophth.
O’Hare (1996) Polaroid 1 P ;.’g;z /" Ophth. o) 61 90
O’Hare (1996) Polaroid 1 P 'T’::z /" Ophth. o) 58 90
O’Hare (1996) Exam - - GP o 22 94
O’Hare (1996) Exam - - Optician (o] 43 94
O’Hare (1996) Exam ; ; Mixed 0 33 94
O’Hare (1996) P °l’:_""x’:;f + 1 P ’T’:;z /" ep o) 37 92
O’Hare (1996) Polarold + 1 Photo. /" optician o) 55 94
O’Hare (1996) P °g(’:,’;‘,’ + 1 P #:3 /" Mixed o 47 93
O’Hare (1996) P 01?;:;;! + 1 P #g;z /" Mixed o 60 91
O’Hare (1996) P °l’:_""x’:;f + 1 P ’T’:;z /" Mixed ) 71 92
O’Hare (1996) Polarold + 1 Photo. /" Mixed o 66 91
Mean (Range) S$,:50.7 (22 - 71) S,:92.1 (90 - 94)

Key: GP: General Practitioner; O: Outreach; Ophth.: Ophthalmologist; Photo.: Photographer; Tech.: Technician

All values in ‘Mild or Moderate NPDR and Macular Oedema’ were derived from one outreach study
(O’'Hare 1996). This study of 1010 patients investigated multiple screening methods comprising stand-
alone imaging (Polaroid 1-field), stand-alone examination and a combination of the two with various
grader combinations (GP, Optician, Ophthalmologist). The mean sensitivity for the 12 mydriatic methods
investigated was 50.7 and the mean specificity 92.1.

Table 11p: Sensitivity and Specificity to detect 2 Moderate NPDR AND / OR Macular Oedema OR
Ungradable (n=4)

Mydriatic (n=1)

Screening Photo
mm enSItIVIty (95% CI) Specrﬂc'ty (95% CI)

Massin (2003) Exam 82 (76 - 88) 7 (93 - 100)
Key: Re S: Retinal Specialist; S: Static
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Non-Mydriatic (n=3)

Screening Photo

Massin (2003) Digital Mixed Re S 92 (86 - 98) 88 (81 - 95)

Massin (2003) Digital 5 Mixed Re S s 100 85 (77 - 93)

Massin (2003) Digital 5 Mixed Re S S 92 (86 - 98) 87 (79 - 95)
Mean (Range) Sn:94.7 (92 - 100) Sp: 86.7 (85-88)

Key: Re S: Retinal Specialist; S: Static

Non-mydriatic methods yielded a higher mean sensitivity (94.7, n=3) than for non-mydriatic method (82.0,
n=1) for ‘Moderate NPDR and / or Macular Oedema or Ungradable as a threshold’. Specificity value was
instead higher for mydriatic method (97.0) compared to non-mydriatic (86.7).

No outreach studies measured this outcome.

Table 11q: Sensitivity and Specificity to detect 2 Moderate NPDR OR Macular Oedema as a threshold
(n=17)

Mydriatic (n=13)

Screening Photo
mm SenSItIVIty (95% CI) SpeCIfICIty (95% CI)

Scanlon (2003a) Digital P?::: / Ophth. 87.8 (83-92.6) 86.1 (84.2 - 87.8)

- Photo. / Trainee
Olson (2003) Digital 2 Tech. Ophth. NR 93 (82 - 98) 87 (84 - 90)

. Photo. / Trainee
Olson (2003) Digital 1 Tech. Ophth. NR 93 (83 -98) 87 (84 - 90)
Scanlon (2003b) Digital 2 NR NR S 80.2 (75.2 - 85.2) 96.2 (93.2 - 99.2)
Scanlon (2003b) Digital 2 NR NR S 82.8 (78 - 87.6) 92.9 (89.6 - 96.2)
Scanlon (2003b) Film 7 NR NR S 96.4 (94 - 98.8) 82.9 (77.4 - 88.4)
Baeza (2009) Film 3 GP Ophth. S 95 (89 - 100) 98 (96 - 99)

. Photo. / Trainee
Olson (2003) Film 2 Tech. Ophth. NR 96 (87 - 100) 89 (86 - 81)
Baeza (2009) Film 2 GP Ophth. S 95 (89 - 100) 98 (97 - 100)
Baeza (2009) Film 1 GP Ophth. S 82 (72-92) 99 (97 - 100)

. Photo. / Trainee
Olson (2003) Film 1 Tech. Ophth. NR 95 (85 - 99) 89 (86 - 92)
Scanlon (2003b) Exam - - Ophth. S 87.4 (83.5-91.5) 94.9 (91.5 - 98.3)
Olson (2003) Exam ; - O%ﬁgti;‘“ / s 73 (52 - 88) 90 (87 - 93)

Mean (Range) S,:89.0 (73.0 - 96.4) Sp:91.5(82.9 - 99)

Key: GP: General Practitioner; NR: Not Reported; O: Outreach; Ophth.: Ophthalmologist; Opto: Optometrist; Photo.: Photographer; S: Static;
Tech.: Technician
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Non-Mydriatic (n=4)

Screening Photo

Scanlon (2003a)

Baeza (2009)
Baeza (2009)
Baeza (2009)

Key: GP: General Practitioner; O: Outreach; Ophth.: Ophthalmologist; Photo.: Photographer; S: Static; Tech.: Technician

Digital

Film
Film

Film

GP
GP
GP

Photo. /
Tech.

Ophth.

Ophth. S
Ophth. S
Ophth. S

Mean (Range)

86 (80.9 - 91.1)

82 (71-92)
80 (69 - 91)
67 (54 - 80)

S, 78.8 (67 - 82)

76.7 (74.5 - 78.9)
99 (98 - 100)
99 (98 - 100)
99 (98 - 100)

S, 93.4 (76.7 - 99)

The mean value for mydriatic methods (89.0, n=13) was greater than that for non-mydriatic methods
(78.8, n=4). Specificity values were similar, with means of 91.5 and 93.4 for mydriatic and non-mydriatic
methods respectively.

One outreach study measured sensitivity and specificity for ‘Moderate NPDR or Macular Oedema as a
threshold’. Scanlon (2003a) studied 3611 patients using a mydriatic 2-field digital camera (photographer /
technician imager, graded by an ophthalmologist) and yielded a sensitivity of 87.8 (lower than group
mean) and a specificity of 86.1 (lower than group mean) for this outcome.

Table 11r: Sensitivity and Specificity to detect 2 Moderate NPDR OR CSME as a threshold (n=6)

Mydriatic (n=6)

Screening Photo

Liesenfeld (2000)

Liesenfeld (2000)

Liesenfeld (2000)

Liesenfeld (2000)

Liesenfeld (2000)

Liesenfeld (2000)

Digital

Digital

Digital

Digital

Digital

Digital

Photo. /

Tech.

Photo.
Tech.

Photo.
Tech.

Photo.
Tech.

Photo.
Tech.

Photo.
Tech.

/

/

/

/

/

Diabet. /

Endo.

Grader NR
Ophth. NR
Ophth. NR
Ophth. NR
ol

Mean (Range)

92 (64 - 99)

85 (55 - 98)

85 (55 - 98)

85 (55 - 98)

77 (46 - 95)

70 (39 - 91)

S, 82.3 (70 - 92)

95 (89 - 98)

94 (88 - 98)

91 (84 - 96)

88 (80 - 94)

73 (62 - 81)

88 (80 - 94)

S,:88.2 (73 - 95)

Key: Diabet.: Diabetologist; Endo.: Endocrinologist; NR: Not Reported; Ophth.: Ophthalmologist;, Photo.: Photographer; Tech.: Technician

Six mydriatic methods yielded a mean sensitivity of 82.3 and specificity of 88.2 for this outcome.

No outreach studies measured this outcome.
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Table 11s: Sensitivity and Specificity to detect 2 Moderate NPDR AND / OR 2 Macular Oedema as a
threshold (n=13)

Mydriatic (n=13)

Screening Photo
mm senSItIVIty (95% CI) speCIfICIty (95% CI)

Prasad (2001) Exam Opto. 76.0 (70 - 81) 95.0 (95 - 96)
O’Hare (1996) Polaroid 1 Photo. /" Ophth. ) 68 97
O’Hare (1996) Polaroid 1 Photo. /" ophth. 0 75 99
O’Hare (1996) Polaroid 1 P ;.’::Z ’" " Ophth. o 71 99
O’Hare (1996) Exam - - GP (o] 56 98
O’Hare (1996) Exam - - Optician (o] 75 93
O’Hare (1996) Exam - - Mixed (o] 65 96
O’Hare (1996) Polaroids 1 Photo. / GP o) 60 98
O’Hare (1996) P °l'_j;’a°,';:’ * 1 P #::Z /" Ooptician ) 88 99
O’Hare (1996) Polaroid + 1 Photo. /" Mixed o 73 99
O’Hare (1996) Polaroid + 1 Photo./ Mixed ) 80 98
O’Hare (1996) Polaroid + 1 Photo./ Mixed o) 88 99
O’Hare (1996) P °l'_j;’a°,';:’ * 1 P #::Z " Mixed ) 84 99
Mean (Range) Sn:73.8 Sp: 97.6

Key: GP: General Practitioner; Ophth.: Ophthalmologist; Opto.: Optometrist; Photo.: Photographer; S: Static; Tech.: Technician

Thirteen mydriatic methods yielded a sensitivity of 73.8 and a specificity of 97.6 for ‘= Moderate NPDR
and / or 2 Macular Oedema as a threshold’.

One outreach study (O’Hare 1996) generated a total of 12 of the 25 mydriatic outcome measures. This
study of 1010 patients investigated multiple screening methods comprising stand-alone imaging (Polaroid
1 field), stand-alone examination and a combination of the two with various grader combinations (GP,
Optician, Ophthalmologist). Sensitivity values ranged from 56.0 — 88.0 and specificity values ranged from
93.0 - 99.0.
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Table 11t: Sensitivity and Specificity to detect 2 Severe NPDR OR Macular Oedema as a threshold
(n=11)

Mydriatic (n=9)

Screening Photo 0 o
Location Sensitivity (95% ClI) Specificity (95% ClI)

Fransen (2002) Digital FRO-T Grader 98.2 (90.5 - 100) 89.7 (85.1 - 93.3)
M - Photo. /
urgatroyd (2004) Digital 3 Tech Ophth. NR 83 (78 - 88) 93 (91 - 96)
M - Photo. /
urgatroyd (2004) Digital 1 Tech Ophth. NR 81 (76 - 87) 92 (90 - 94)
Verma (2003) Exam - - GP S 95.8 86.5
Verma (2003) Exam - - Opto. S 771 89.4
Warburton (2004) Exam - - Opto. S 75.8 (49.3 - 100) 99 (98.6 - 99.3)
. Polaroid + Photo. /
Pandit (2002) Exam NR Tech. + Grader + O+S 83.3 96.8
Pandit (2002) Polaroid + NR Diabet, = Diabet./ s 825 98
Exam Endo.
. Polaroid + Photo. /
Pandit (2002) Exam NR Tech. Grader o 85.7 95.7
Mean (Range) Sp: 84.7 (75.8 - 98.2) Sp: 93.4 (86.5 - 99)

Key: Diabet.: Diabetologist; Endo.: Endocrinologist; GP: General Practitioner; NR: Not Reported; O: Outreach; Ophth.: Ophthalmologist;
Opto: Optometrist; Photo.: Photographer; S: Static; Tech.: Technician; ‘+’: includes qualified healthcare professionals

Non-Mydriatic (n=2)

Screening Photo
mm SenSItIVIty (95% CI) Specrﬂc'ty (95% CI)

Murgatroyd (2004) Digital P{‘;’éﬁ " Ophth. 77 (71 - 84) 95 (93 - 97)
Peters (1993) Polaroid 1 Nurse Diabet. / NR 74 NR
Endo.
Mean (Range) Sn:75.5(74-77) Sp: 95.0

Key: Diabet.: Diabetologist; Endo.: Endocrinologist; NR: Not Reported; Ophth.: Ophthalmologist; Photo.: Photographer; Tech.: Technician

Mean sensitivity for mydriatic (84.7, n=9) was greater than for non-mydriatic (75.5, n=2). Specificity
values were similar, with a mean of 93.4 for mydriatic methods and a single value of 95 from one non-
mydriatic method.

One outreach study generated two sensitivity and specificity measures for ‘Severe NPDR or Macular
Oedema as a threshold’. Pandit (2002) studied 609 patients using a combination of Polaroid photography
and examination with variations in imager and grader, yielding two sensitivity measures (83.3, 85.7, either
side of group mean) and two specificity measures (96.8, 95.7, both above group mean) for this outcome.

61



Results - Sensitivity and Specificity

Table 11u: Sensitivity and Specificity to detect 2 Severe NPDR AND Macular Oedema as a threshold
(n=1)

Mydriatic (n=1)

Screening Photo
mm senSItIVIty (95% CI) specrflc'ty (95% CI)

Hulme (2002) Exam Opto.
Key: Opto.: Optometrist; S: Static

Table 11v: Sensitivity and Specificity to detect PDR or CSME (n=1)

Mixed Mydriatic / Non-Mydriatic (n=1)

Screening Photo
mm senSItIVIty (95% CI) sPeCIfICIty (95% CI)

Digital (85%
Maberley (2002) patients were Mixed Re S
dilated)

Key: O: Outreach; Re S: Retinal Specialist

One outreach study measured sensitivity and specificity for ‘PDR or CSME’. Maberley (2002) studied 100
patients using mixed mydriasis (85% of sample mydriatic) and a 1-field digital camera (mix of imagers,
graded by a retinal specialist) and yielded a sensitivity of 93.3 and a specificity of 96.8.
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Results - Statistical Analysis

STATISTICAL ANALYSIS OF THE RELEVANCE OF SCREENING ACCURACY
FINDINGS TO THE AUSTRALIAN INDIGENOUS CONTEXT

Introduction

DR screening in the Australian Indigenous setting presents two key challenges. First, Indigenous adults
have much higher rates of blindness than the mainstream Australian community (Taylor 2009). Second,
geographical isolation and economic disadvantage create barriers to accessing and affording health
services to address the causes of blindness (CERA 2001), which include diabetic eye disease (CERA
2001; Taylor 2009).

These dual challenges have been met by using a DR screening approach that is portable and cost-
efficient. A screening program developed specifically for the Kimberley region of Australia employed a
camera operated by two minimally trained local Aboriginal health care workers and one Aboriginal nurse,
with photos interpreted remotely by an ophthalmologist (Murray 2005); a program designed for rural
Victoria involved non-mydriatic polaroid photography performed by a photographer, remotely graded by
an ophthalmologist (Harper 1998).

This approach is reflected in studies in comparable settings outside of Australia. Leese (1992) used non-
mydriatic polaroid photography housed in a mobile unit with imaging performed by a photographer to
evaluate DR prevalence in Tayside, United Kingdom, which has a population of 390 000 spread over
3000 square miles; in another UK-based study, Taylor (1990) evaluated non-mydriatic photography
(imager not reported) using a camera mounted in a transit ambulance.

All 62 studies eligible for this review were classified into two categories based upon the location of DR
screening: ‘Static’ (screening methods based in private rooms, hospital department) and ‘Outreach’ (the
provision of portable infrastructure / personnel to enable a DR screening service to be given to a
population). The majority of Diabetic Retinopathy screening methods in ‘outreach’ category were
consistent with those described above (which did not meet the criteria for inclusion in this review).
Specifically, they involved use of a camera operated by a person without specialist medical or eye
qualifications with variable use of mydriasis. Of the sixteen screening methods investigated in the nine
outreach studies, nine were camera-based, three involved examination, and four involved a combination
of camera and examination. For ten of the 13 methods involving a camera, information regarding the
person taking the image was available. In seven cases this was a photographer, technician or health care
worker (n=7); in three cases, a qualified health professional, optician or trained retinal screener were
involved in taking the image. Ten involved use of pharmacological mydriasis, five were non-mydriatic and
one a mix of mydriatic / non-mydriatic.

In summary, the predominant features of ‘outreach’ screening methods are:
1. Camera-based rather than direct examination

2. Camera operated by a photographer / technician or minimally trained health worker, rather than a
qualified health professional

3. Remote interpretation of the image by an eye specialist

4. Non-mydriatic rather than use of pharmacological mydriasis.
No previous reviews have statistically explored the relative effectiveness of such ‘outreach’ screening
methods, compared to other DR screening methods. Therefore, the aim of this statistical analysis was to

explore the effect of variations in two key characteristics of ‘outreach’ screening methods — mydriasis and
imager qualifications - on the accuracy of DR screening as measured by sensitivity and specificity.
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Results - Statistical Analysis

Methods
Data source

Sensitivity / specificity outcomes for which there were more than 25 outcome measures were identified
from previously extracted review data (see previous section). These were:

a. ‘Any DR’ (40 sensitivity and specificity measures from 20 studies)

b. ‘Moderate Non-Proliferative Diabetic Retinopathy (NPDR) as Threshold’ (i.e. Moderate NPDR or
worse according to the International Clinical DR Disease Severity Scale) (29 sensitivity measures
from 11 studies; 23 specificity measures from 10 studies)

These outcome categories encompass the identification of any DR disease and the referral threshold of
the International Clinical DR Disease Severity Scale (American Academy of Ophthalmology 2002).

To examine the differential effect of ‘outreach’ screening combinations on sensitivity and specificity, all
screening methods from all review papers reporting these two outcomes were classified into one of the
following six categories:

1. Non-Mydriatic Camera, Non-specialist imager (NMNS): Non-Mydriatic Photography performed
by a person with no specialist eye qualifications (nurse, photographer, technician)

2. Mydriatic Camera, Non-specialist imager (MNS): Mydriatic Photography performed by a
person with no specialist eye qualifications (nurse, photographer, technician)

3. Non-Mydriatic Camera, Specialist imager (NMS): ‘Non-Mydriatic Photography performed by a
trained health professional (GP, diabetologist) or person with specialist eye qualifications
(ophthalmologist, retinal specialist, optometrist)

4. Mydriatic Camera, Specialist imager (MS): Mydriatic Photography performed by a trained
health professional (GP, diabetologist) or person with specialist eye qualifications
(ophthalmologist, retinal specialist, optometrist)

Mydriatic Examination (ME): All examination methods (all were mydriatic)

Other (O): All other methods (e.g. imager not reported, combinations of exam and camera)

The focus of the statistical analysis was the effect of mydriasis and imager qualifications on screening
accuracy.

Statistical methods

As both the methodology and the quality of the description of the statistical methods varied greatly across
studies, the unit of analysis for each test investigated within each study was taken to be the number of
patients rather than number of eyes. This produces conservative inferences, in that precision for each
test within each study may be less than that existent in the actual study. The quoted sensitivities and
specifities in each paper were then applied to the number of patients, producing a standard 2x2 table for
each test within each paper. Where specificities of 100% were present, these were modified to enable
inclusion by reducing the number of true negatives by one. This is similar to the common practice of
adding 0.5 to zero cells in a 2x2 table, except here the value of 1 was used to enable software program
compatibility.

The computation of 95% confidence intervals for presentation of individual test sensitivities and
specificities in the forest plots used the Wilson score interval method. This produces asymmetric
confidence intervals when proportions are close to zero or unity. These intervals were provided for
presentation only — they were not used in the calculation of the overall pooled sensitivity and specificity.
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Results - Statistical Analysis

To account for multiple tests being reported within each study and for heterogeneity of sensitivity and
specificity across studies, a three-level random-intercepts logistic regression model using 20 numerical
quadrature points was employed to produce summary estimates (procedure xtmelogit in Stata v10.1).
This model assumes that conditional upon the random effects at study and test-wthin-study level, that the
number of true positive (or negative) test assessments are independently binomially distributed. This
model accommodates heterogeneity in the sensitivity/specificity (on the logit scale) between studies, and
also between tests within the same study. It produces pooled (combined) odds ratios and confidence
intervals on the logit scale and both the estimates and Cl endpoints were back-transformed to the
probability scale for presentation.

An inevitable limitation of the model structure above arises because the individual level data was not
available. The model therefore assumes that each test within a study involves a different set of subjects.
As such, the within-study comparisons of tests are conservative (ie produce larger SE’s) because the
within-test-within-individual correlation (assuming it is positive) is not taken into account in these analyses
due to the data not being available.

Ideally, when assessing differences between subgroups of tests (e.g. mydriasis vs. no mydriasis), one
would allow the between study heterogeneity to vary across the subgroups, and also for the between-
test-within-study heterogeneity to vary across subgroups. However, the small number of studies and
tests within studies precluded reliable estimation of these additional variance components, and hence all
models assume that each subgroup has a common level of heterogeneity across studies and tests-within-
studies.

Some convergence problems arose with fitting the three level random intercept models, particularly when
the number of studies was very small. In these cases the test-within-study variance component was
omitted, and modelling proceeded using the between-study variance component only. Omitting the test-
within-study random effect involves an assumption of independence of observations within the same
study, and that the true (logit of) sensitivity and specificity for a test differs from the true study value only
because of a common systematic effect of the test across all studies, rather than there being an
additional random element for this difference.

Additional models were fit for each of the subgroups separately. These produced estimates of sensitivity
and specificity very close to those of the combined models. However the width of the confidence intervals
did differ occasionally due to differing between-study and between-test-within-study heterogeneity across
subgroups being present. As mentioned above, these sources of additional heterogeneity were not
modelled in the combined analyses. However the combined analyses posses the distinct advantage of
being able to directly assess differences in sensitivity/specificity across subgroups (e.g. Mydriasis vs. No
Mydriasis). This is not able to be performed from the individual subgroup analyses due to the overlap in
the source studies of the two subgroups producing correlated estimates, and for which the correlation is
unknown.
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Results
Influence of Mydriasis and Imager Qualifications on Sensitivity and Specificity to Detect ANY DR’

Table 12: Effect of Mydriatic Status and Imager Qualifications on Sensitivity and Specificity to Detect
'ANY DR’

Sensitivity
95% CI

Specificity
95% CI

Test (n tests, n studies) Sensitivity (%)

Specificity (%)

OVERALL (40, 20) 82.4 76.0 - 88.7 88.2 84.7-91.6

Mydriatic Status

Mydriasis (23, 12) 85.2 79.0-914 88.8 84.8-92.7
No Mydriasis (12, 9) 81.6 74.0-89.2 86.8 81.9-917
MX (5, 4) 74.8 55.7 - 93.8 88.5 80.5-96.6
P value Mydriasis vs. No Mydriasis p=0.611 p=0.795

Imager Qualification

Specialist (7, 2) 86.2 71.2-99.9 96.0 93.5-98.5
Non-Specialist (13, 5) 83.1 74.4-91.9 87.3 83.5-91.1
Mydriatic Examination (8, 7) 73.0 61.1-84.9 83.8 79.2-88.4
Other (12, 9) 85.6 77.6-93.7 87.4 82.6 - 92.1
P value Specialist vs. Non-Specialist p=0.753 p =0.001

Odds Ratio (OR) for Specialist vs. Non-
Specialist Inager among those with the same OR=1.39, p=0.616 OR =4.08, p <0.001
mydriatic status

OUTREACH

NMNS (5, 4) 80.6 71.1-90.1 83.6 77.8-89.4
MNS (8, 3) 84.2 75.8-92.6 88.9 85.2-92.7
NMS (4, 2) 84.8 68.4 —99.9 96.4 93.9-98.9
MS (3, 1) 90.1 78.5-1.00 94.8 90.6 - 99.0
ME (8, 7) 73.0 61.1-84.9 83.8 79.2-88.4
0 (12,9) 85.6 77.6-93.7 87.4 82.6-92.1
Odds Ratio (OR) for MS vs. MNS OR=1.61, p=0.535 OR=2.42,p=0.94

Odds Ratio (OR) for NMS vs. NMNS OR=1.31,p=0.777 OR=5.65, p <0.001

Key: ME: Mydriatic Examination; MNS: Mydriatic Camera & Non-Specialist Imager; MS: Mydriatic Camera & Specialist Imager;
NMNS: Non-mydriatic Camera & Non-Specialist Imager; NMS: Non-mydriatic Camera & Specialist Imager; MX: Mydriasis mixed or
Not Reported

Note: Non-Specialist = Non-Specialist Imager (e.g. photographer, technician or nurse) using a camera-based method
Specialist = Specialist Imager (e.g. eye specialist, General Practitioner) using a camera-based method
O = Other, that is all other method (imager qualification or mydriatic status not reported, and a combination of camera &
examination)
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Results - Statistical Analysis

There was no significant difference in sensitivity or specificity to detect ‘Any DR’ between mydriatic and
non-mydriatic methods.

Comparison of specialist and non-specialist imagers yielded no significant difference in sensitivity, but
specialist imagers had significantly higher specificity values.

When combining the mydriatic and specialist variables, no significant differences in sensitivity to detect
‘Any DR’ were identified when comparing specialist with non-specialist imagers for either mydriatic or
non-mydriatic methods. This non-significant finding held for specificity using mydriatic methods, although
there was a trend towards higher values for specialist imagers. However, for non-mydriatic methods,
specialist imagers yielded significantly higher specificity values compared to non-specialist imagers.

Figures 2a - 2j present sensitivity and specificity figures, confidence intervals and pooled values overall
for ‘Any DR’, and for these combinations of screening variables.

67



Salpn}s |1V :4A ANV, 399390 0} AJIAnisuas ez ainbiy

Aianisuag :ya ANV

160] 00y Wopuey

(1'88°0°92) ¥'28 A«v
|[e8AQ uOIssa1ba1

(1'66'8€8) 096 —&——————————
(9°26°2°61) 0'€6 e o N i 1o jod 9861
(@'18°'9'69) 0°2L " - an W wex3 9861
(996 +'28) 0°26 [ — ° n ploseiod 6661 Joikey
(€'68'8'19) 0L I - o W wex3 +1od 6661 I0/fe
(208 '8'2H) 079 ! o o W fenbia 6661 o
(8'19°0°€2) 0'Ly ” N SN WN ploseiod 2661 nis
(616 '6°62) 0°G8 e aw W wex3 9661 ng
(9'06°2°62) 0'98 e SN WN ploseiod €661 sioed
(0's61'€8) 0'68 P SN W £002 wosio
(218'6'99) 0°sL [ SN W £002 uosio
(s's8°0'€2) 0°08 LT El W £002 wosio
(1'88'c'92) 0°€8 e SN W €002 uosio
(z'88'9'€9) ¥'8L 1 - SN W £002 uosio
(5'98°9'29) 9°0L ! - o X 2002 ZopuewIa] BUION
(€'16'5'62) §'98 IIT o X 800z zepueuIa BUION
(266'G¢6) 26~ ——— | Bl W £002 eusoA
(1'66 '0°02) 0'%6 - I EL W £002 euusp
(0L 'v'28) 028 ! N o X 2002 s
(666 'V'16) 066 ————— ” an W 2661 sispusey
(888 '0'52) 0°€8 [ o W 8002 Jeneqnan
(206 ‘4'62) 0°98 e SN N $002 phonebinyy
(66 ‘0'v8) 0°06 e SN W %002 phonebiny
(1'26'8'69) 'v8 o SN W jenbia 002 phonebinpy
(506 '5'88) 0°Z6 e " o X feubia 2002 fepsgey
(052 ‘9's8) 0°99 | - e s N 1002 epyseg-zedo
(998 ‘9'b9) 0°9L L e SN W $00Z soueIme]
(0°2 '9'56) 0°99 ! e SN NN Y00z sousime
(916 '2'p2) 0'S8 lv‘ SN WN 00z sousme
(616 8'LY) 0L ; N SN W 002 sousime]
(608 '6°09) 022 | El W 1861 -
(6'%5 '6'62) Z'8E | N an W 2002 swiny
(£26°1'58) 0'%6 e ! o X £002 ogquen
(286 '6°18) 076 \0|vy o WN  edoosowleyydQ seseq b €002 Bioqus
(992 '625) 0°89 | e o WN 100z josing
(9°€8 '€'99) 0°9L e e S WN 6002 ezoeg
(1'98°9'69) 0°6L o e s WN 6002 ezeeg
(b8 'v'29) 0°2L 1ﬁ||0’ S WN 6002 ezoeg
(£16°522) 0°08 . e s W 6002 ezoeg
(606 '€'92) 0°68 e s W 6002 ezeeg
L s W 6002 ezoeg
(10 %S6) Aanisues
siseupA wow  eo Louiny

68



SaIPMIS IV :.4A ANV, }09)2Q 03 Ayoyoads :qz ainbiy4

Kyoyoads :ya ANV

_SF o 8 mm
T _ | |
I
(9'16'2'v8) T'88 T

(966°,08) 086 —6— IleJ9AQ oissaiBal oysiBo] sjoaya wopuey

(¥'86 '2'€2) 086 - " o WN 10 jod 9861

(1'96°1'22) 088 — - aw W wex3 9861
(8'%6 'e'82) 068 L e o W ploelod 6661 JoikeL
(8'86 '€'28) 0'96 . o W wex3 +lod 6661 Jolfe L
(196 '5°€8) 0°06 el o W [EIEN] 6661 Joifey.
(€96 '1'28) 0'€6 \0|,T SN WN plosejod 8661 ns
(696 '2'28) 0°€6 - an W wexg 8661 g
(2'¥6 ‘0'68) 026 I SN WN ploselog €661 siopd
(9'16°2'58) 0'68 [N SN W wiis €002 uosio
(968220 028 " e SN W wiy €002 uosio
(206 °'9'v8) 0'88 [ — aw W €002 uosio
(928 '6'%L) 0°6L | e SN w €002 wosio
(758 °8'69) 982 o e SN W €002 uosio
(6'26'9'68) 56 . ” o X 8002 zopueLIod BUION
(L'e6's'8L) 1’88 - o X 8002 Zopuewo oy
(06 'c'€L) 968 L e aw W €002 euuen
(v'66 ‘6'95) 9'€6 - ! an W wex3 €002 ewiop
(88282 0v8 [ B ° X 200z pluyos
(996 ‘2'95) 0'08 ” - aw n 2661 siopusay
(96 °6'58) 016 - o W 8002 JenegneN
(196 '9'98) 0'L6 e SN WN %002 phoneBinyy
(286 'v'58) 0°06 el SN W [ phoneBnn
(v18'519) 261 " - e SN w 00z phoneBiniy
(526 '2'€6) 096 —— | o X rewbia 2002 folagen
(526 '€'5L) 098 L e s WN 1002 epnseg-zado
(2'€9°1'82) 'Sy | SN W 7002 souame]
(592 '9'€5) 099 ! SN WN 00z soueime
(5'16'8'29) 0'18 " SN WN 002 sousime]
(626'9'99) 0'%8 N SN W 00z sousme]
(z28'8'02) 022 | e aw W 1861 uesuBly
(196 ‘6'68) 556 e aw n 2002 awink
(256 '8'+9) 0°€8 ” - o X €002 HeguoH
(016 '8'6%) 0°9L ; - o WN  edoosowleyydo Jese Buiuueos €002 B10qu
(r'66'206) 086 —o—— | o AN 12610 100z iosing
(696'c26) 026 ~ ———— | N NN it 6002 ezoeg
(€86 '6'06) 096 e ! S WN wiy 600 ezoeg
(7'66'2'€6) 086 ~ —@——— " S WN 6002 ezoeg
(£:26'9'68) 0°56 —— | S W 600 ezoeg
(026°'88) 076 [ — s W 6002 ezoeg
! s W 6002 ezoeg

(19 %S6) Aouoeds

Isieads siseupAp poule N oy

69



siselpAN 1. 4A ANV, 309)2Q 03 ANAnIsuag :9g ainbi4

siseLpA 10} KJIAISUDS HA ANV

0oL SL 0S 4
| | | |
T
”
(7’16 ‘0'6L) 258 Av Ile18AQ uoissaibal onsiBol spoaye wopuey
(8'26 2'61) 0'€6 \% an W wex3 9861
(8'18 '9'66) 0'2L ” o W ploiejod 6661 JojkeL
(9'96 ‘¥'28) 0'26 j o W wex3 + 'lod 6661 JojfeL
(e'€8'8'19) 072 ” o W leybia 6661 JoifeL
(8'19°0'€2) 0"V " < an W wex3 8661 ns
(9°06 “2'62) 0'98 % SN W LUE} €002 uos|o
(0°¢6 ‘1'€8) 0'68 [I" SN W LU} €002 uos|o
(£'18'6'99) 0°'GL ” —————— an W wex3 €002 uos|o
(5'98 ‘0'€2) 0°08 "II SN W 1exbia €002 uos|o
(188 ‘€'92) 0°€8 iT SN W [endia €002 uos|o
(€16 ‘G'62) 598 [lon,,! an W wex3 €002 BulaA
(266 ‘'G'€6) L'26 —o— ” an W wex3 €002 BuBA
(012 ‘v'2e) 02 ” an W wex3 2661 slepusay
(6'66 ‘¥'16) 066 o————— | o W lexbia ©800Z JanegnaN
(£'06 ‘¥'62) 0'98 lw‘ SN W leybia 002 phonebinpy
(6'€6 ‘0'¥8) 0'06 l|,T SN W [endia ¥002 phonebinpy
(0'G2 '9'68) 0'99 ” — . SN W leybia 002 souaimer]
(9'V6 “2'72) 0'G8 \( SN W lexbia 002 souaimer]
(6'16 ‘8'LY) 0L , - an W wex3 1861 uisjsuraly
(6'08 ‘6°09) 022 ” - an W wex3 2002 awiny
(r'¥8 ‘v'29) 0°2L ” —_——— S W wyy 6002 ezoeg
(L'16°6'22) 0'98 IL‘ S W LUE} 6002 ezoeg
(606 ‘€'92) 0'S8 \fl s W wiig 6002 ezoeg
|
(1D %S6) Auanisusg Jsijeroeds siselpA poyis Jeap Joyny

70



sisellpAN-ON 3,4 ANV, 19932Q 0} AjAnisuag :pg ainbi4

siselpA\ oN 1o} A)ARISUSS YA ANV

00k 7 05 14
| | | |

T
|
|
|
|

(z68‘01.) 918 |[e19AQ uoissalbai o1si6o| sjoaye wopuey
I

(1'66'8€8) 096 —¢— ” o AN wpdiojod 986k
|
|

(808 '8'2y) 0'v9 | SN AN ploselod 8661 nis
|
|

(616 ‘6'€L) 0'G8 e SN WN ploejod €661 siejod
|
|

(8'88'0'G2) 0°'€8 R SN AN epéla 00z phogebiny
|
|

(576 ‘G'88) 026 ” 5 AN leybia 200z episeg-zado
|
|

(978 ‘9'v9) 0'9L ; SN N lewbia  ¥00z souaime
|
|

(052 ‘9'38) 0'99 | SN AN lenbiq 002 souaime]
|
| adoosowleyiydo

(L'26°1°68) 0'V6 ! o AN Jese Buluueog €002 Biaquy
|
|

(z'86 '6'18) 0'V6 T" o N lewbia 100z liesing
|
|

(9'92 '6'28) 0'89 | — e S AN wid 6002 ezoeg
|
|

(968 ‘€'99) 0'9L —- s AN wyd 6002 ezoeg
|
|

(1'98 '9°69) 0'62 — e S AN wiy 6002 ezoeg
|
|

(12 %S6) Annnisuss Isiieioads  siseupAw poyleN  JesA Joyiny

71



siselpA :,4a ANV, 39932Q 03} A)oy1oads :ag ainbig

siselpA| Joj Ayoy1oads :yA ANV

00} SL 0S 4
| | | |

T

”
(Lz6 '8'v8) 8'88 Av |[e19AQ uoissaibai o1si6o| sjoaye wopuey
(v'86 ‘2'€L) 0°€6 < ” an W wex3 9861 swellim
(V6 “1'22) 088 \"[ o) W plosejod 6661 JoifeL
(876 ‘€'82) 0'68 IJ,’ o W wex3 + ’jod 6661 JoikeL
(8'86 ‘€°28) 0°96 Tﬁ o W lenbia 6661 JoikeL
(€'96 '1°28) 0'€6 i an W wex3 8661 ns
(z'v6 ‘0°68) 0'26 Jo’” SN W wiid €002 uos|o
(9'16 “2'68) 0'68 % SN W wyy £002 uosio
(98°22) 028 " ——— an W wex3 €002 uos|o
(206 ‘9'¥8) 0'88 \"T SN W lenbia £002 uosio
(928 ‘6'72) 062 " —— SN W leybia €002 uos|o
(266 '5°'8L) 188 \,ﬁ[ an W wex3 €002 BUIBA
(706 ‘e'€L) 9°€8 L,]o’ an W wex3 €002 BUBA
(z'88'2'82) 08 R — an W wex3 2661 slopusay
(9'96 ‘2'95) 0'98 W o o W lendia €8002 JenegneN
(1'v6 '9°98) 0’16 lL‘ SN W lenbia 002 phonebinpy
(2'€6 ‘¥'58) 0°06 lL,‘ SN W lenbia 002 phosebiny
(5726 ‘€'52) 0'98 T SN W leubia ¥00Z souaIme]
(5716 '829) 0’18 , < SN W leybia ¥00Z aouaime’]
(6726 ‘'8'9€) 0'¥8 , - an W wex3 1861 uejsuIaly
(228 '802) 022 " —_——— an W wex3 2002 awiny
(766 °L'€6) 086 —o——— " s W wiiy 6002 ezoeg
(L'16 '9'68) 0°66 — " S W wiig 6002 ezeeg
(026 ‘€'88) 0'V6 \0|,7 s W wiiy 6002 ezoeg

I
(12 %56) A Jsijeioadsg siselpA poulapy leap Joyiny

72



00k

-7}
|

siselUpAN ON :.4d ANV, 199312 03 Ayoy10ads :jz ainbiy4

siselIpA ON Joj Ay1oy1oads :¥A ANV
0S
|

4

(L'16 ‘6'18) 898

(8'66 “2°08) 0'86

(L6 '5°€8) 0°06

(€'96 ‘'28) 0°€6

(v'v6 ‘6'G8) 0'L6

(526 '8'€6) 0'96

(2'€9 ‘1'82) 0'G¥

(5'92 '9'€S) 0'99

(z's6 ‘8'¥S) 08

(016 ‘8'6%) 0'9L

(66 ‘2'€6) 0'86

(6'86 ‘€'26) 0'26

(€'86 ‘6°06) 0'96

(12 %S6) Aunnisuag

SN

SN

SN

SN

SN

Isifepads

AN

AN

AN

AN

AN

AN

AN

AN

AN

AN

NN

AN

siselpA

|lesonQ uoissaibal onsiBoj sjoaye wopuey

wiid Jo jod

plosejod

piosejod

lenbia

lendia

leybia

lendia

adoosow|eyydo

Jase Buluueog

lenbia

iy

w4

CIE]

N

9861

8661

€661

¥002

L002

002

002

€002

1002

6002

6002

6002

Jea

Sweliim

nis

siojad

pAonebinpy

eplseg-zedo

aouaime

douaime’]

Biaquy

llesing

ezoeg

ezoeg

ezoeg

Jouiny

73



(paulqwo) anepA-uoN @ anelpA) 1ebew sijerdads . 4A ANV, }99)2a 0} AjAnisuag :6Z ainbi4

0oL

siabeuw)| jsijeloadg 1oy AJAISUSS (YA ANV

0S

14

(616 ‘v'v2) L'EB

(56 'G'88) 0'26

(992 '6'25) 0°'89

(9'€8 '€'99) 0'9L

(198 ‘'9'69) 0°'6L

(8 'v'29) 0'LL

(L'16°6°22) 0'98

(6'06 '€'92) 0°'G8

(1D %S6) Ananisuss

isiieroads

AN

WN

WN

WN

siseupAw

lleJoAQ uoissaibal onsiBo| sjoaye wopuey

lenbia

iy

iy

iy

w4

w4

w4

poweN

1002

6002

6002

6002

6002

6002

6002

FEEIN

eplseg-zadoT

ezeeg

ezeeg

ezoeg

ezoeg

ezoeg

ezoeg

Joyiny

74



(paulquiod anelpA-uoN 2 anelpAy) siabew sijerdads-uoN :,4a ANV, 30932@ 03 AjAnisuag :yg ainbig

00k

siobew] }sije1oadg-uoN Joj AJAINSUSS (3A ANV

SL

0S

14

(616 ‘v'vL) L'€8

(808 ‘8'2) 079

(6'16 ‘6'€2) 0°G8

(9°06 “2'62) 0°98

(0°€6 “1'€8) 0'68

(g'68°‘0'€L) 008

(1’88 'c9s) 0e8

(8'88 '0'G2) 0°'€8

(£'06 '¥'62) 0'98

(6°¢6 ‘0'¥8) 0'06

(0°52 ‘9'GS) 0'99

(978 ‘9'%9) 0'9L

(0°G2 '9'G8) 0'99

(916 '2'v2) 0°'G8

(12 %G6) Aunnisuag

SN

SN

SN

SN

SN

SN

SN

SN

SN

SN

SN

SN

SN

isieroads

AN

AN

AN

AN

AN

siseupAy

JlesoAQ uoissaiBas o1sIBo| Sjoaye Wwopuey

plosejod

plosejod

iy

iy

leybig

lenbia

lendia

lendia

lendia

lenbia

lenbia

lendia

lendia

poON

8661

€661

€002

€002

€002

€002

002

002

002

002

002

002

002

JELYN

nis

si9jed

uos|o

uos|0

uos|o

uos|o

phosebiny

phoneiniy

pAosiebiniy

douaime|

douaime|

ouaime]

ouaime]

Jouiny

75



(paulquod anelpAN-uoN 2 dnelpA) siabew sijerdads .3y ANV, 3993)2Q 03 Aydy1oads :1Z ainbi4

siabew] )sije1oadg 1o} A}1oy19adg :jya ANV

00l 73 0S 4
| | | |

T
|
|
|
|
I
|

(5°86 ‘5'€6) 0'96 |lesonQ uoissaibai onsifo] sjoaye wopuey
|

(5°26 '8'€6) 0°96 + S WN lendia 1002 epliseg-zadoT
I
|
|

(r'66‘L'€6) 086 —@——— S AN w4 6002 ezeeg
|
I
|
o fon . |

(686 '€26) 026 o s AN wiig 6002 ezoeg
|
I
|

(€86 '6'06) 0'96 ,T s WN wid 6002 ezoeg
|
I
|

(r'66'L'€6) 086 —@——— S W w4 6002 ezeeg
|
|
|

(226 ‘'9°68) 0°'56 \”0’ S W w4 6002 ezoeg
|
|
|

(026 ‘€'88) 0'v6 DG s W wiiy 6002 ezoeg

(12 %g6) Anoyads Istieads siseupAiy pouleIN Teap Joyny

76



(pauiquod oanelpA-uoN B di3eLpAR) isijerdads-uoN :,4a ANV, 39232Q 0} Ayoy1oads :fz ainbig

siobew s)sije1oadg-uoN 10} A}o1109ds :¥A ANV

0ol S. 0 sz
| | | |

T
I
I
I
I

(116 ‘5'e8) €728 @ |lBI9AQ UoissaiBal oysiBo sj0aye Wopuey
I

(146 ‘5'€8) 0°06 — SN AN plosejod 8661 nis
I
I

(€96 '2'28) 0°€6 e SN WN plosejod €661 sislad
I
I

(2'v6 ‘0'68) 026 —— | SN W wiid €002 uos|o
I
I

(916 ‘2'68) 0'68 — SN W w4 €002 uos|o
I
I

(£'06'9'%8) 088 e SN W €002 uosio
I
I

(928 ‘6'72) 062 | — SN W €002 uos|o
I
I

(76 ‘6'G8) 0'L6 \0|,F SN N 1enbia ¥00Z phonebinpy
I

(1’76 ‘9°98) 0'L6 \0’” SN W leybia $002 phonebiniy
I

(2'¢6 ‘¥'68) 0°06 [I" SN W 'a ¥00Z phonebinpy
I

(526 ‘€'62) 0'98 T SN W lq] ¥00Z souaIme]
I

(z'€9 '1'82) O'SY " - SN N ¥00Z s0uaImer]
I

(592 ‘9°€S) 0°99 ” - SN WN I ¥00Z souaIme]
I

(516 '8'29) 0'18 ” - SN W lq] ¥00Z souaIme]
I

(12 %S6) Aunyisuss Jsijeroads sISelpA poyey Jeap Joyny

77



Results - Statistical Analysis

Influence of Mydriasis and Imager Qualifications on Sensitivity and Specificity to Detect ‘Moderate NPDR as
threshold’

Table 13: Effect of Mydriatic Status and Imager Qualification on Sensitivity and Specificity to Detect
'Moderate NPDR'

Sensitivity
95% ClI

Specificity
95% CI

Test (n tests, n studies) Sensitivity (%)

Specificity (%)

OVERALL (29, 11) 84.6 69.6 - 92.9 96.4 93.7-98.0

Mydriatic Status

Mydriasis (17, 8) 81.7 64.1-91.7 98.1 95.4-99.2
No Mydriasis (10, 7) 89.4 76.4 -95.7 93.1 84.2-971
MX (2, 1) 69.2 9.1-98.1 90.8 44.4-99.2
P value Mydriasis vs. No Mydriasis p =0.097 p <0.001

Imager Qualification

Specialist (2, 2) 97.4 83.2-99.7 99.0 93.0-99.9
Non-Specialist (12, 5) 80.4 65.5-90.8 93.9 86.7 -97.3
Mydriatic Examination (7, 5) 58.4 38.4-75.9 99.1 97.7-99.7
Other (8, 5) 91.0 78.8 - 96.5 93.6 86.2-97.2
P value Specialist vs. Non-Specialist p = 0.040 p=0.103

among those without the same mydriatc status # - OR=7.25,p=0076 OR = 39.6, p <0.001
OUTREACH

NMNS (6, 4) 77.9 60.2 - 89.1 83.4 75.5 - 89.1
MNS (6, 4) 83.0 67.3-92.1 95.3 92.1-97.2
NMS (2, 2) 97.4 83.0 - 99.6 99.3 97.7-99.8
MS (0, 0) - - - -

ME (7, 5) 58.5 38.6-75.9 99.3 98.5-99.6
O (8 5) 91.0 78.8 - 96.5 94.1 90.4 - 96.4
Odds Ratio (OR) for MS vs. MNS # - -

Odds Ratio (OR) for NMS vs. NMNS OR=10.5p =0.031 OR = 29.4, p <0.001

Key: ME: Mydriatic Examination; MNS: Mydriatic Camera & Non-Specialist Imager; MS: Mydriatic Camera & Specialist Imager; NMNS: Non-
mydriatic Camera & Non-Specialist Imager; NMS: Non-mydriatic Camera & Specialist Imager; MX: Mydriasis mixed or Not Reported

Note: #: No data for Specialist Imager with Mydriasis; Non-Specialist = Non-Specialist Imager (e.g. photographer, technician or nurse) using
a camera-based method
Specialist = Specialist Imager (e.g. eye specialist, General Practitioner) using a camera-based method
O = Other, that is all other method (imager qualification or mydriatic status not reported, and a combination of camera &
examination)
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Results - Statistical Analysis

There was no significant difference in sensitivity to detect ‘Moderate NPDR as threshold’ between mydriatic
and non-mydriatic methods, although a trend towards higher values for non-mydriatic methods was noted.
Conversely, use of mydriasis resulted in significantly higher specificity values.

Use of specialist imagers yielded significantly higher sensitivity values but no significant difference in
specificity, compared to non-specialist imagers. However, the specialist category in this analysis contained
only two values.

When combining the mydriatic and specialist variables, for non-mydriatic methods, use of a specialist
imager yielded significantly higher sensitivity and specificity to detect ‘Moderate NPDR as threshold’ (with
only two values in the non-mydriatic specialist imager category). There were no data in which mydriasis
was combined with a specialist imager; hence analysis of specialist versus non-specialist imager for
mydriasis was not possible.

Figures 3a - 3] present sensitivity and specificity figures, confidence intervals and pooled values overall for
‘Mod NPDR as threshold’, and for the analysed combinations of screening variables.
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Results - Statistical Analysis

Summary
Sensitivity

Sensitivity to detect ‘Any DR’ values was not significantly influenced by any variations in mydriasis or
specialist qualifications, either in isolation or in combination.

Sensitivity to detect ‘Mod NPDR as threshold’ was not significantly influenced by mydriasis in isolation,
with a trend to higher values with no mydriasis. However, use of a specialist imager resulted in
significantly higher sensitivity values compared to a non-specialist, and the same finding was made when
specialist and non-specialist imagers were compared for non-mydriatic screening methods. As noted
above, both of these significant findings were based upon one of the comparison groups having only two
sensitivity values.

All of the sensitivity values in these statistical comparisons were above 75%. Mathematical modelling
conducted by Javitt (1990) demonstrated that sensitivity values above 60% for DR screening do not
substantially add to person years of sight saved or reduce screening costs, based upon a strategy of
screening patients every six months. According to Javitt (1990), the diminishing additional benefit of
sensitivity values above 60% was due to the frequency of screening and the likelihood that DR cases
missed on one visit will be detected on the next.

In the context of Javitt (1990), the results of the present analysis in this report indicate that all of the
screening method categories analysed would optimise person years of sight saved and cost-
effectiveness. Even for the two statistically significant findings for ‘Mod NPDR as threshold’, the lower
sensitivity values (80.4, 77.9) still exceed the 60% threshold identified by Javitt (1990). This indicates that
these statistically significant findings may not have serious clinical implications.

The effect of annual rather than six-monthly DR screening examinations is not possible to estimate
without similarly detailed modelling to that performed by Javitt (1990). However, the effect of annual
versus six-monthly screening could be partially offset by the fact that all sensitivity values are well above
Javitt’s 60% threshold.

Specificity

Specificity values were equivalent between mydriatic and non-mydriatic methods to detect ‘Any DR'.
However, use of mydriasis resulted in significantly higher specificity values for detection of ‘Moderate
NPDR or worse’, although the absolute difference in values (98.1 vs. 93.1) was relatively small and may
therefore have limited clinical implications.

Use of a specialist imager resulted in significantly higher specificity values for detection of ‘Any DR’
compared to a non-specialist imager. Although a similar trend was identified for ‘Moderate NPDR or
worse’ this did not reach statistical significance.

When mydriatic status was held constant, specialist imagers yielded significantly higher specificity values
in two out of three comparisons possible for ‘Any DR’ and ‘Moderate NPDR as threshold’, with a similar
non-significant trend noted in the other comparison.

Conclusion

These results indicate that sensitivity to detect ‘Any DR’ was not influenced by variations in mydriatic
status or imager qualifications, either in isolation or in combination. Mydriatic status did not significantly
influence sensitivity to detect ‘Mod NPDR as threshold’. Variations in imager qualifications in isolation,
and when combined with non-mydriatic methods, yielded significant differences in sensitivity to detect
‘Mod NPDR as threshold’. However this was based on one comparison group with only two data points.
Furthermore, the lower sensitivity values in these comparisons were in excess of the 60% threshold
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identified by Javitt (1990) to be cost-effective and because they were also relatively high (80.4, 77.9), this
result may have limited clinical significance.

Use of mydriasis did not influence specificity to detect ‘Any DR’ but yielded significantly higher specificity
values for ‘Mod NPDR as threshold’. However this finding may also have limited clinical significance as
the absolute difference is relatively small (98.1 vs. 93.1). All of the remaining three significant differences
in specificity across the two outcomes indicate that specialists yielded higher specificity values compared
with non-specialists and the non-significant results showed a similar trend. This means the false positive
rate amongst the non-specialist imagers was greater than for the specialists. Therefore, these differences
would not be expected to result in adverse patient outcomes as the consequences of inappropriate
referral to a specialist are less than those of missed cases of DR (as measured by sensitivity).

In summary, this statistical analysis demonstrates that variations in two key characteristics of ‘outreach’
screening methods — mydriasis and imager qualifications — either have no significant impact on sensitivity
and specificity to detect ‘Any DR’ or ‘Moderate NPDR as threshold’, or do not alter these measures of
screening accuracy to a clinically significant degree. The screening combinations used in ‘outreach’
settings such as the Australian Indigenous setting are viable in terms of both screening accuracy and
cost-effectiveness.
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KAPPA

Table 14a - 14q detail Kappa measures for all outcome categories. Outreach methods are highlighted
by use of bold and italicised text (as weighted Kappa statistics are in bold text). Where appropriate,
means for each category of mydriatic status have been calculated.

Table 14a: Kappa to detect ANY DR (n=16)

Mydriatic (n=6)

Method of Photo o
InveStlgatlon mm Kappa (95A, CI)

Baeza (2009) Film Ophth. 0.81
Baeza (2009) Film 2 GP Ophth. S 0.82
Baeza (2009) Film 1 GP Ophth. S 0.77
Lee (1993) Film 1 Photo. /' 5 ader NR 0.74 (0.69 - 0.79)
Tech. +
Verma (2003) Exam - - GP S 0.84
Verma (2003) Exam - - Opto. S 0.72
Mean (Range) k =0.78 (0.72-0.84)

Key: GP: General Practitioner; NR: Not Reported; Ophth.: Ophthalmologist; Opto: Optometrist; Photo.:
Photographer; S: Static; Tech.: Technician; “+’: includes qualified healthcare professionals

Non-Mydriatic (n=6)

Method of Photo
InVest'gat'on mm Kappa (95% CI)

Lopez-Bastida

(2007) Digital

Bursell (2001) Digital 3 NR Grader S 0.71
Baeza (2009) Film 3 GP Ophth. S 0.77
Baeza (2009) Film 2 GP Ophth. S 0.77
Baeza (2009) Film 1 GP Ophth. S 0.68
Diamond (1998) Polaroid NR P ;’:;z /" Ophth. o) 0.41

Mean (Range) k =0.71(0.41-0.89)

Key: Weighted Kappa in Bold; GP: General Practitioner; NR: Not Reported; O: Outreach; Ophth.: Ophthalmologist;
Photo.: Photographer; Re S: Retinal Specialist; S: Static; Tech.: Technician
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Mydriasis Not Reported (n=4)

Method of Photo o
InveStlgatlon mm Kappa (95/“ CI)

Kinyoun (1992) Film P.pgéz /
Kinyoun (1992) Film 7 P{‘géﬂ_’ Re S NR 0.58
Kinyoun (1992) Film 7 P{‘ggﬂ: " Grader NR 0.49
Kinyoun (1992) Film 7 Froto. I Grader NR 0.79

Mean (Range) K =0.64 (0.49-0.79)

Key: NR: Not Reported; Photo.: Photographer; Re S: Retinal Specialist; Tech.: Technician

Kappa for mydriatic methods (mean 0.78, 6 measures) was higher for detection of ‘Any DR’ compared
to non-mydriatic (0.71, n=6) and mydriasis not reported (0.64, n=4).

One outreach study (Diamond 1998) measured kappa. This study of 164 patients used non-mydriatic

Polaroid camera (photographer / technician imager, graded by an ophthalmologist) and yielded a
kappa of 0.41 (lowest of group means).

Table 14b: Kappa to detect Macular Oedema (n=6)

Mydriatic (n=3)

Method of Photo A
InveStlgatlon mm Kappa (95 /o CI)

Photo. /
Hansen (2004) Digital Tech.
. . Photo. /
Rudnisky (2002) Digital 1 Tech Re S S 0.72 (0.63 - 0.82)
. Photo. /
Lee (1993) Film 1 Tech. + Grader NR 0.44 (0.32 - 0.56)
Mean (Range) k =0.60 (0.44 - 0.72)

Key: NR: Not Reported; Photo.: Photographer; Re S: Retinal Specialist; S: Static; Tech.: Technician; “+’: includes
qualified healthcare professionals

Non-Mydriatic (n=3)

Method of Photo o
InveStlgatlon mm Kappa (95A, CI)

Photo. /
Hansen (2004) Digital Tech.
Hansen (2004) Digital 5 Opto. NR S 0.49
Bursell (2001) Digital 3 NR Grader S 0.48

Mean (Range) k = 0.45 (0.37 - 0.49)

Key: NR: Not Reported; Opto: Optometrist; Photo.: Photographer; S: Static; Tech.: Technician
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Mean kappa was higher for mydriatic (0.60, n=3) than non-mydriatic methods (0.45, n=3) for ‘Macular
Oedema’.

No outreach studies measured this outcome.

Table 14c: Kappa to detect Extent of Macular Oedema (n=4)

Mydriatic (n=1)

Method of Photo ,
InveStIgatlon mm Kappa (95A, CI)

Neubauer (2008a) Digital 0.80 (0.81-0.92)
Key: NR: Not Reported; Re S: Retinal Specialist; S: Static

Non-Mydriatic (n=3)

Method of Photo A
InveStlgatlon mm Kappa (95A, CI)

Neubauer (2008b) ?22;0 !
Neubauer (2008b) sLo ; ?22:? ! Res s 0.27
Neubauer (2008b) sSLO ; Photo. ! Res s 0.25

Mean (Range) k =0.24 (0.20 - 0.27)

Key: Photo.: Photographer; Re S: Retinal Specialist; S: Static; SLO: Scanning Laser Ophthalmoscope; Tech.:
Technician; ‘+’: includes qualified healthcare professionals

A kappa mean value for the three non-mydriatic methods was 0.24 to detect ‘Extent of Macular
Oedema’. Only one mydriatic method measured this outcome, yielding a kappa of 0.80.

No outreach studies measured this outcome.

Table 14d: Kappa to detect 2 Macular Oedema as a threshold (n=1)

Non-Mydriatic (n=1)

Method of Photo

Bursell (2001) Digital Grader
Key: NR: Not Reported; S: Static
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Table 14e: Kappa to detect CSME (n=3)

Mydriatic (n=1)

Method of Photo A
InveStlgatlon mm Kappa (95 A) CI)

Photo. /
Rudnisky (2002) Digital Tech. 0.81(0.73-0.89)

Key: Photo.: Photographer; Re S: Retinal Specialist; S: Static; Tech.: Technician

Non-Mydriatic (n=1)

Method of Photo A
InVeStlgatlon mm Kappa (95/‘, CI)

Bursell (2001) Digital Grader
Key: NR: Not Reported; S: Static

Mydriasis Not Reported (n=1)

Method of Photo A
InVeStlgatlon mm Kappa (95/‘, CI)

Kinyoun (1989) Camera Grader
Key: NR: Not Reported

Table 14f: Kappa for Agreement across a Grading System (n=44)

Mydriatic (n=18)

Method of Photo o
InVeStlgathn mm Kappa (95 e CI)

Neubauer (2008a) Digital 0.87 (0.81-0.92)
- Photo. /

Fransen (2002) Digital 7 Tech. Grader S 0.76
- Photo. /

Hansen (2004) Digital 5 Tech. NR S 0.76

Pugh (1993) Film 3 Nurse Grader NR 0.74 (0.66 - 0.82)
. Photo. /

Lee (1993) Film 1 Tech. + Grader NR 0.74 (0.7 - 0.79)

Pugh (1993) Exam - ; il NR 0.38 (0.32 - 0.45)

Phys.

Pugh (1993) Exam - - Ass NR 0.25 (0.16 - 0.33)

Boucher (2003) Exam - - Re S S 0.58

Lin (2002) Exam - - Ophth. S 0.40

Moss (1985) Exam - - Mixed o 0.75

Moss (1985) Exam - - Mixed o 0.72

Moss (1985) Exam - - Mixed (o] 0.75

Moss (1985) Exam - - Mixed (o] 0.76

Verma (2003) Exam - - GP S 0.80
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Method of Photo o

Verma (2003) Exam

Verma (2003) Exam - - Opto. S
Verma (2003) Exam - - Opto. S
Penman (1998) Camera 1 Ophth. Grader NR

Mean (Range)

0.79
0.63
063

0.33 (0.27 - 0.39)

k = 0.65 (0.25 - 0.87)

Key: Weighted Kappa in Bold; GP: General Practitioner; NR: Not Reported,; O: Outreach; Ophth.: Ophthalmologist;
Opto: Optometrist; Photo.: Photographer; Phys. Ass.: Physician Assistant; Re S: Retinal Specialist; S: Static;

Tech.: Technician; ‘+’: includes qualified healthcare professionals

Non-Mydriatic (n=18)

Method of Photo o
m InVest'gat'on mm Kappa (gsb CI)

Photo. /
Hansen (2004) Digital Tech.
Hansen (2004) Digital 5 Opto. NR S
Massin (2003) Digital 5 Mixed Re S S
Massin (2003) Digital 5 Mixed Re S S
Massin (2003) Digital 5 Mixed Re S S
Massin (2003) Digital 5 “Mixed Re S S
Massin (2003) Digital 5 Mixed Re S S
Massin (2003) Digital 5 Mixed Re S S
Massin (2003) Digital 5 Mixed Re S S
Bursell (2001) Digital 3 NR Grader S
Boucher (2003) Digital 2 NR Re S S
. - Photo. /
Lin (2002) Digital 1 Tech. Grader S
. - Photo. /
Lin (2002) Digital 1 Tech. Grader S
Pugh (1993) Film 1 Nurse Grader NR
Leese (2002) Polaroid NR np  Diabet/ )
ndo.
Photo. /
Neubauer (2008b) SLO NR Tech. + Re S S
Photo. /
Neubauer (2008b) SLO NR Tech. + Re S S
Photo. /
Neubauer (2008b) SLO NR Tech. + Re S S

Mean (Range)

0.60
0.6 (0.48 - 0.72)
0.58 (0.45 - 0.70)
0.43 (0.3 - 0.56)
0.80 (0.65 - 0.94)
0.76 (0.61 - 0.90)
0.60 (0.43 - 0.76)
0.90 (0.81 - 0.98)

0.65

0.63

0.97

0.38
0.62 (0.54 - 0.70)

0.47

0.68

0.68

0.51

K = 0.64 (0.37 - 0.97)

Key: Diabet.: Diabetologist; Endo.: Endocrinologist; NR: Not Reported; O: Outreach; Opto: Optometrist; Photo.:
Photographer; Re S: Retinal Specialist; S: Static, Tech.: Technician; “+’: includes qualified healthcare

professionals
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Mydriasis Not Reported (n=8)

Method of Photo o
|nvestlgatlon mm Kappa (gsb CI)

Kinyoun (1992) Film P.p:éz.

Kinyoun (1992) Film 7 P{‘ggf’]‘_ I Res NR 0.80
Kinyoun (1992) Film 7 P{‘gg‘:{_ " Res NR 0.79
Kinyoun (1992) Film 7 Froto. I Res NR 0.69
Kinyoun (1992) Film 7 P}‘:éz: " Grader NR 0.56
Kinyoun (1992) Film 7 P{‘ggf’]‘_ " Grader NR 0.62
Kinyoun (1992) Film 7 P{‘gg‘:{_ I Grader NR 0.69
Kinyoun (1992) Film 7 P.P:(t:?l'./ Grader NR 0.84

Mean (Range) K =0.72 (0.56 - 0.84)

Key: Weighted Kappa in Bold;, NR: Not Reported, Photo.: Photographer; Re S: Retinal Specialist; Tech.:
Technician

Mean kappa for agreement across a grading system were similar for mydriatic (0.65, n=18) and non-
mydriatic (0.64, n=18) methods, with a higher mean value for methods in which mydriasis was not
reported (0.72, n=8).

Two outreach studies measured kappa for ‘Agreement across a Grading System’. Moss (1985)
generated four of the 18 mydriatic outcome measures. This study of 1949 patients investigated
mydriatic examination (mixed graders) and kappa values ranged from 0.72 - 0.76. Leese (2002)

studied 408 patients using non-mydriatic Polaroid camera (graded by diabetologist / endocrinologist)
yielding a kappa 0.47, which is lower than the group mean.

Table 14g: Kappa to detect 2 Mild NPDR as a threshold (n=2)

Mydriatic (n=1)

Method of Photo o
m InVest'gat'on mm Kappa (gsb CI)

Boucher (2003) Exam
Key: Re S: Retinal Specialist; S: Static

Non-Mydriatic (n=1)

Method of Photo
InVest'gat'on mm Kappa (95% CI)

Boucher (2003) Digital
Key: NR: Not Reported; Re S: Retinal Specialist; S: Static

97



Results - Kappa

Table 14h: Kappa to detect Moderate NPDR (n=1)

Non-Mydriatic (n=1)

Method of Photo o
InveStlgatlon mm Kappa (95 A) CI)

Bursell (2001) Digital Grader
Key: NR: Not Reported; S: Static

Table 14i: Kappa to detect 2 Moderate NPDR as a threshold (n=5)

Mydriatic (n=2)

Method of Photo
InVestlgat'On mm Kappa (95% CI)

Photo. /
Hansen (2004) Digital Tech.

Boucher (2003) Exam - - Re S S 0.74
Mean (Range) k =0.81(0.74 - 0.88)
Key: NR: Not Reported; Photo.: Photographer; Re S: Retinal Specialist; S: Static; Tech.: Technician

Non-Mydriatic (n=3)

Method of Photo

Photo. /
Hansen (2004) Digital Tech.
Hansen (2004) Digital 5 Opto. NR S 0.87
Boucher (2003) Digital 2 NR Re S S 0.88

Mean (Range) Kk = 0.86 (0.84 - 0.88)

Key: NR: Not Reported; Opto.: Optometrist; Photo.: Photographer; Re S: Retinal Specialist; S: Static; Tech.:
Technician

Mean kappa for ‘Moderate NPDR as a threshold’ was 0.81 (n=2) for mydriatic methods, slightly lower
than for non-mydriatic (0.86, n=3) methods.

No outreach studies measured this outcome.
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Table 14j: Kappa to detect Severe NPDR (n=1)
Non-Mydriatic (n=1)

Method of Photo A
|nvestlgatlon mm Kappa (95 A) CI)

Bursell (2001) Digital Grader
Key: NR: Not Reported; S: Static

Table 14k: Kappa to detect = Severe NPDR as a threshold (n=2)
Mydriatic (n=1)

Method of Photo 0
InVeStlgat'On mm Kappa (95 A) CI)

Boucher (2003) Exam
Key: Re S: Retinal Specialist; S: Static

Non-Mydriatic (n=1)

Method of Photo A
InVeStlgathn mm Kappa (95/0 CI)

Boucher (2003) Digital
Key: NR: Not Reported; Re S: Retinal Specialist; S: Static

Table 14l: Kappa to detect PDR (n=2)

Mydriatic (n=1)

Method of Photo
InveStlgatlon mm Kappa (95% CI)

Photo. /
Lee (1993) Film Tech. + Grader 0.84 (0.76 - 0.92)

Key: NR: Not Reported; Photo.: Photographer; S: Static; Tech.: Technician; ‘+’: includes qualified healthcare
professionals

Non-Mydriatic (n=1)

Method of Photo A
InVeStlgathn mm Kappa (95/0 CI)

Bursell (2001) Digital Grader
Key: NR: Not Reported; S: Static
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Table 14m: Kappa to detect 2 PDR as a threshold (n=1)
Non-Mydriatic (n=1)

Method of Photo A
Investlgatlon mm Kappa (95 /n CI)

Bursell (2001) Digital Grader
Key: NR: Not Reported; S: Static

Table 14n: Kappa to detect 2 Moderate NPDR OR Macular Oedema as a threshold (n=10)

Mydriatic (n=7)

Method of Photo

Scanlon (2003b ) Digital 0.73
Scanlon (2003b ) Digital 2 NR NR S 0.76
Scanlon (2003b ) Film 7 NR NR S 0.80
Baeza (2009) Film 3 GP Ophth. S 0.89
Baeza (2009) Film 2 GP Ophth. S 0.91
Baeza (2009) Film 1 GP Ophth. S 0.84
Scanlon (2003b ) Exam - - Ophth. S 0.80
Mean (Range) k =0.82 (0.73-0.91)

Key: GP: General Practitioner; NR: Not Reported; Ophth.: Ophthalmologist; S: Static

Non-Mydriatic (n=3)

Method of Photo

Baeza (2009) Film Ophth. 0.86
Baeza (2009) Film 2 GP Ophth. S 0.85
Baeza (2009) Film 1 GP Ophth. S 0.75
Mean (Range) k =0.82 (0.75 - 0.86)

Key: GP: General Practitioner; Ophth.: Ophthalmologist; S: Static

Mean kappa values for ‘Moderate NPDR or Macular Oedema as a threshold’ were the same for
mydriatic (0.82, n=7) and non-mydriatic (0.82, n=3) methods.

No outreach studies measured this outcome.
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Table 140: Kappa to detect 2 Moderate NPDR OR CSME (n=1)

Non-Mydriatic (n=1)

Method of Photo A
InveStlgatlon mm Kappa (95 /o CI)

Diabet. /
Leese (2002) Polaroid Endo.

Key: Diabet.: Diabetologist; Endo.: Endocrinologist; NR: Not Reported; O: Outreach

One outreach study measured kappa for ‘Moderate NPDR or CSME'. Leese (2002) studied 408
patients using non-mydriatic Polaroid camera (graded by diabetologist / endocrinologist) and yielded a
kappa of 0.62.

Table 14p: Kappa to detect 2 Moderate NPDR AND CSME as a threshold (n=1)

Non-Mydriatic (n=1)

Method of Photo 5
|nvestlgatlon mm Kappa (95 /o CI)

Lopez-Bastida
(2007)

Key: Weighted Kappa in Bold; NR: Not Reported; Re S: Retinal Specialist; S: Static

Digital

Table 14q: Kappa to detect 2 Severe NPDR OR Macular Oedema as a threshold (n=3)

Mydriatic (n=2)

Method of Photo

Verma (2003) Exam 0.82
Verma (2003) Exam - - Opto. S 0.67
Mean (Range) k =0.74 (0.67 - 0.82)

Key: GP: General Practitioner; Opto.: Optometrist; S: Static

Non-Mydriatic (n=1)

Method of Photo A
InveStlgatlon mm Kappa (95 /o CI)

Photo. /
Diamond (1998) Polaroid Tech. Ophth.

Key: Photo.: Photographer; O: Outreach; Ophth.: Ophthalmologist; Tech.: Technician
Mean kappa for the two mydriatic methods was 0.74 to detect ‘Severe NPDR or Macular Oedema as a
threshold’.
One outreach study measured kappa for this outcome. Diamond (1998) studied 164 patients using

non-mydriatic Polaroid camera (photographer / technician imager, graded by an ophthalmologist) and
produced a kappa of 0.53, which is lowest value of all for this outcome.
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RELIABILITY

Inter-rater reliability

Only 10 studies reported inter-rater reliability, across a range of methods and outcomes. Mean kappa
values varied according to inter-rater comparison, ranging from 0.60 (retinal specialist against grader;

grader against grader — ‘moderate agreement’) to 0.87 (retinal specialist against retinal specialist —
‘almost perfect agreement’) as summarised in Table 15.

Table 15: Summary of kappa statistics (mean, range) by inter-rater comparison

Retinal Specialist Ophthalmologist Diabetologist m

. o 0.87 (0.71-1)
Retinal Specialist .
(3 studies / 9 measures)
Ophthalmologist 0.64 075 (0.69 - 0.80)
o . /1) 213)
0.91(0.86 — 1
Diabetologist ((1 /3) )
0.60 (0.34 — 0.90) 0.67 0.60 (0.55-0.73)
(1/22) ' (2/5)

Across all methods, inter-rater comparisons and outcomes, the mean kappa was 0.72 (range 0.34 — 1),
which equates to ‘substantial agreement’ according to Landis (1977).

Two outreach studies measured inter-rater reliability. Maberley (2002) consisted of 100 patients, and
compared between two different retinal specialists using 1-field Digital camera (85% of patients were
dilated). Inter-rater kappa values ranged from 0.80 - 0.91, where detecting ‘PDR’ produced the highest
reliability, compared to ‘Across a Grading System’, which produced the lowest. Scanlon (2003a) studied
3611 patients using mydriatic Polaroid (2-field) camera, and compared the between two different
ophthalmologists. For ‘Severe NPDR as a threshold’, inter-rater kappa were 0.69 and 0.75 for the two of
the interpreters when compared to the reference standard. In addition, ophthalmologist was also
compared to grader for ‘Severe NPDR or Macular Oedema as threshold’ and produced a kappa of 0.67.

A detailed summary of the inter-rater reliability for different raters compared for all measured outcomes is
shown in Table 16.
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Intra-rater reliability

Results - Reliability

Only seven studies reported intra-rater reliability (Table 17). Across all methods, raters and outcomes, the
mean kappa was 0.74 (range 0.43 — 0.97), representing ‘substantial agreement’ (Landis 1977). For retinal
specialists, the mean kappa across a grading system (3 studies, 5 measures) was 0.84 (range 0.76-0.97)
(‘almost perfect agreement’). All other intra-rater reliability measures were single values.

One outreach study measured intra-rater reliability for ‘Severe NPDR or Macular Oedema as a threshold’.
Scanlon (2003a) studied 3611 patients using mydriatic 2-field Digital camera, which produced a kappa of

0.78 for ophthalmologist.

Table 17: Intra-rater Reliability (Kappa, 95% CI unless stated)

Citation

Across
grading system

ME (extent of)

Boucher (2003) Re S Camera 7f M
Neubauer (2008a) Re S Digital 7f M

0.761 (SD 0.087) (ETDRS)
0.77 (0.64 - 0.89) (EDTRS)  0.60 (0.42 - 0.79)
Re S 1: 0.83 (0.74 - 0.93)

Massin (2003) Re S Digital 5f NM  Re S 2: 0.86 (0.77 - 0.94)
(ETDRS)

Boucher (2003) Re S Digital 2f NM  0.965 (SD 0.043) (EDTRS)

Scanlon (2003a) Ophth. Digital 2f M 0.78

Phiri (2006) Ophth. Digital 1 fNM  0.65 (Wisconsin)

Pugh (1993) Internist Film 0.79 (0.64 - 0.93) (AHC)

) Grader 1: 0.43

Bursell (2001) Grader Film 7f M Grader 2- 0.65
Key: Weighted kappa in bold; Outreach studies in bold & italicised
AHC: Airlie House Classification f: field NM: Non-mydriatic SD: Standard Deviation
CSME: Clinically Significant ME ICDR: International Clinical DR Severity Scale NPDR: Non-Proliferative DR Sev: Severe
DR: Diabetic Retinopathy ME: Macular Oedema Ophth.: Ophthalmologist

ETDRS: Early Treatment DR Study M: Mydriatic

Re S: Retinal Specialist
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Results - Other Results

IMAGE QUALITY, TIME, COST,
PATIENT SATISFACTION AND OTHER RESULTS

The data presented in this section was extracted only from studies eligible for this review, which were
selected with the primary aim of examining screening accuracy. Therefore, a range of studies reporting
data on image quality, time, cost, patient satisfaction and other outcomes that not meet inclusion criteria
for this review have not been included. The results below should be interpreted in this context.

Image Quality
Ungradable Images
Thirty-three studies, representing a total of 53 methods, reported data on photo quality (Table 18). For

five methods, mydriasis use was either mixed or not reported. Three methods on the other hand, did not
specify the type of camera used for screening patients.

Table 18: Percentage (Range, n = screening methods) of Ungradable Images by Screening
Instrument and Mydriatic Status

Digital Camera Film Camera Polaroid Camera SLO Camera (unspecified)
Mydriasis?
Mydriatic 5.0% (0 - 17.2%, 9) 7.0% (0 - 31.6%, 10) 6.4% (1) 13.6% (5.1 - 22.0%, 2)
Non-Mydriatic 13.6% (1.9 - 38.4%, 15) 16.6% (14 - 18.3%,4) 11.6% (0-32.0%,5) 8.1% (6.4-9.8%, 2)

Mixed Mydriatic /

Non-Mydriatic 15.7% (4.0 - 27.4%, 2)

Not Reported 10.6% (3.7 - 17.4%, 2) 0.28% (1)

Key: SLO: Scanning Laser Ophthalmoscope

Pupil Size

Of the included studies that have investigated relationships between mydriasis / pupil size and photo
quality / gradability:

e Murgatroyd (2004) found a significantly higher proportion of gradable photos using a mydriatic
versus a non-mydriatic method

e Molina-Fernandez (2008) found no significant difference between mydriatic, non-mydriatic and
mydriatic-as-required methods in terms of gradability

o Baeza (2009) found a significant relationship between photo quality and pupil size, with poor
photo quality if pupil size is under 4 mm

e Lawrence (2004) found that pupil size was significantly different in gradable (mean 4.14 mm) vs.
ungradable (mean 3.28 mm) images for two non-mydriatic methods, but not significantly different
for two mydriatic methods (7.31 and 6.92 mm)
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Results - Other Results

Use of Mydriasis as a result of poor photo quality

In five studies (covering six screening methods), screening protocols involved the use of mydriasis only in
cases where the initial non-mydriatic photo was of insufficient quality for diagnostic analysis. In three
studies (four screening methods), the mean proportion of subjects requiring mydriasis owing to poor non-
mydriatic photo quality was 15.5% (range 7.2 - 27.4%) (Lopez-Bastida 2007; Molina Fernandez 2008;
Pugh 1993). In the other two studies (Diamond 1998; Maberley 2002), initial poor quality non-mydriatic
photos (Maberley 2002 reported a poor photo quality rate of 83%) led to an alteration in the screening
protocol such that mydriasis was used for all subsequent patients (41.5% of the study sample for
Diamond 1998; 85% of the study sample for Maberley 2002).

Time taken to screen and interpret

Ten studies reported the time taken to screen for DR (Baeza 2009; Friberg 2003; Massin 2005; Nathan
1991; Neubauer 2008b; Peters 1993; Shiba 1999; Shiba 2002; Siu 1998; Taylor 1999), with one study
(Pugh 1993) also reported time taken to interpret screening images. Reported durations by method were:

e Direct fundoscopy: range 3-6.5min (data from two screening methods)

e Direct, indirect and slit-lamp fundoscopy: 15-20min (data from one method)
e Polaroid or film camera: range 5-10min (data from four methods)

¢ Digital camera: mean 4min 14s (data from six methods)

e SLO: range 3-5min (data from two methods)

o Interpretation of screening image: 2 — 3mins (data from one method).

Cost in Screening for DR

Seven studies provided some costing data in regards to materials utilised, hiring of healthcare
professionals, or other estimated DR screening costs.

Estimated costs of personnel were as follows:

e Trained registrar with a trained nurse: £2.90 per patient (Bibby 1992)
e Community-based opticians: £12.40 per patient (Bibby 1992)
e Ophthalmic opticians: £8.60 per eye examination (Burns-Cox 1985 [Study 1]))

In terms of materials, it has been reported by Taylor (1999) and Siu (1998) that polaroid photos cost
approximately £1 and HKD$14 each, respectively. Taylor (1999) also reported the cost of a 35mm film
photo to be approximately £0.30.

Estimated total screening costs have been reported as follows:

¢ Mobile retinal screening using mydriatic 3-field film photography £22.70 per screen (assuming
6000 screens per year, inclusive of staff, consumables and vehicle costs): Harding (1995)

e Mobile retinal screening van using fundoscopy examination plus mydriatic 1-field polaroid
photography: £12.50 per patient for photo (including capital replacement costs). Assuming 80%
of sight-threatened patients have their vision saved by treatment, £1095 per patient saved from
visual loss. Operational costs of this screening service £35 000 for 3500 patients screened:
O’Hare (1996)
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Results - Other Results

e Approximately £12,000 (film alone) for screening the whole Exeter community (300 000) using
mydriatic 1-field photography (35mm photo plus polaroid photo): Taylor (1999)

e Basic cost for screening £7.50 per patient using mydriatic Polaroid photography (number of fields
not reported) plus fundoscopy (includes polaroid films, capital and maintenance costs, and
salaries of primary screener): Pandit (2002)

Furthermore, a study in Ontario, Canada (Maberley 2003) (not from our included articles) that primarily
investigated the cost-effectiveness in screening for DR, using digital retinal photography compared to
travelling retinal specialists. Results showed that digital photography was far more cost effective, with
$15 000 per quality-adjusted life year (QALY), compared to travelling retinal specialists, with $37 000 per
QALY.

Further studies focusing solely on cost-effectiveness that were identified but not included in the review
are referenced in Appendix 3.

Patient Satisfaction
Patient satisfaction with screening methods was reported by five of the 62 included studies.

A study by Massin (2005) evaluated the use of digital camera without mydriasis on patient satisfaction
and reported that:

o 99% of patients found the delay from inclusion in the study to screening visit (mean delay 29.6 +
43 days) acceptable

e 96% of the digital camera group (5-field) found the screening time (< 15min) acceptable,
compared to 82% receiving the reference standard, dilated fundoscopy (x° test, p < 0.0001)

e Impairment of vision via the digital camera’s flash was absent / mild in 86% of cases, compared
to 66% for the reference standard, dilated fundoscopy (x° test, p < 0.001)

o Accessibility to the screening location was not difficult / slightly difficult in 82% of cases in the
digital camera group versus 93% in the dilated fundoscopy group ()(2 test, p < 0.001)

e 99.1% of the patients in the digital camera group would use the same screening method at their
next screening exam

Generally, patient satisfaction with digital cameras without pupil dilation was reported as high;
Cavallerano (2005) reported 100% satisfaction with this method and digital camera flash was reported to
be comfortable in 81-90% of patients (Cavallerano 2005; Massin 2003). Moreover, 92% of the patients
would opt to replace pupil dilation and clinical examination with digital cameras without pupil dilation
(Cavallerano 2005).

Based upon the reported data, discomfort arising from flash does not appear to vary according to camera
type. Digital camera flash discomfort was reported by 0 — 19% of patients across three studies
(Cavallerano 2005; Massin 2003; Taylor 1999). Similar discomfort levels for polaroid camera’s flash were
reported in studies by Mohan (1988; 17.6%) and Taylor (1999; 16.5%). However, clinical experience
shows that the use of 10% of light in the digital camera’s flash intensity has a less of an effect on short-
term loss of vision and pupil constriction.

Table 19 describes in detail all image quality, patient satisfaction, time, cost and other relevant findings
(for example, pupil size, and data transfer times) from the 49 studies that reported this information.
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Appendices

APPENDIX 1: EXAMPLE OF SEARCH STRATEGY: MEDLINE DATABASE

1. Diabetic Retinopathy/

2. (diabet* adj2 retin*).mp.

3. or/1-2

4. retinal photography.mp.

5. exp Photography/ or (photo* or camera* or screen* or telemed*).mp.
6. or/4-5

7. ((non adj2 mydriatic*) or undilate*).mp.

8. and/3,6-7

9. (sensitiv: or predictive value:).mp. or accurac:.tw.
10. exp Eye/ or eye™.tw.

11. and/7,9-10

12. or/8,11
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APPENDIX 2: COMPLETE LIST OF ELIGIBLE STUDIES INDICATING
PRIMARY OUTCOMES MEASURES

Method under investigation = Camera
Reference Standard = Examination (15)

S./S, | Kappa

Case-control study (1)

Massin P, Erginay A, Ben Mehidi A, Vicaut E, Quentel G, Victor Z, et al.
Evaluation of a new non-mydriatic digital camera for detection of diabetic v v
retinopathy. Diabetic Medicine 2003;20(8):635-41.

Case series (14)

Ahmed J, Ward TP, Bursell SE, Aiello LM, Cavallerano JD, Vigersky RA. The
sensitivity and specificity of nonmydriatic digital stereoscopic retinal imaging in v
detecting diabetic retinopathy. Diabetes Care 2006;29(10):2205-9.

Heaven CJ, Cansfield J, Shaw KM. A screening programme for diabetic
retinopathy. Practical Diabetes 1992;9(2):43-45.

Herbert HM, Jordan K, Flanagan DW. Is screening with digital imaging using one v
retinal view adequate? Eye 2003;17(4):497-500.

Kinyoun JL, Martin DC, Fujimoto WY, Leonetti DL. Ophthalmoscopy versus
fundus photographs for detecting and grading diabetic retinopathy. Investigative v
Ophthalmology & Visual Science 1992;33(6):1888-93.

Kinyoun J, Barton F, Fisher M, Hubbard L, Aiello L, Ferris F, 3rd. Detection of
diabetic macular edema. Ophthalmoscopy versus photography--Early Treatment
Diabetic Retinopathy Study Report Number 5. The ETDRS Research Group.
Ophthalmology 1989;96(6):746-50; discussion 750-1.

Kuo HK, Hsieh HH, Liu RT. Screening for diabetic retinopathy by one-field, non-
mydriatic, 45 degrees digital photography is inadequate. Ophthalmologica v
2005;219(5):292-296.

Lee VS, Kingsley RM, Lee ET, Lu M, Russell D, Asal NR, et al. The diagnosis of
diabetic retinopathy. Ophthalmoscopy versus fundus photography. v
Ophthalmology 1993;100(10):1504-12.

Lopez-Bastida J, Cabrera-Lopez F, Serrano-Aguilar P. Sensitivity and specificity
of digital retinal imaging for screening diabetic retinopathy. Diabetic Medicine v v
2007;24(4):403-7.

Mohan R, Kohner EM, Aldington SJ, Nijhar I, Mohan V, Mather HM. Evaluation of
a non-mydriatic camera in Indian and European diabetic patients. British Journal
of Ophthalmology 1988;72(11):841-5.

Molina Fernandez E, Valero Moll MS, Pedregal Gonzalez M, Calvo Lozano J,
Sanchez Ramos JL, Diaz Rodriguez E, et al. Validation of the electronic mailing
of retinographs of diabetic patients in order to detect retinopathy in primary care.
Aten Primaria 2008;40(3):119-23.

Murgatroyd H, Ellingford A, Cox A, Binnie M, Ellis JD, MacEwen CJ, et al. Effect
of mydriasis and different field strategies on digital image screening of diabetic v
eye disease. British Journal of Ophthalmology 2004;88(7):920-4.
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Penman AD, Saaddine JB, Hegazy M, Sous ES, Ali MA, Brechner RJ, et al.
Screening for diabetic retinopathy: the utility of nonmydriatic retinal photography v
in Egyptian adults. Diabetic Medicine 1998;15(9):783-7.

Peters AL, Davidson MB, Ziel FH. Cost-effective screening for diabetic
retinopathy using a nonmydriatic retinal camera in a prepaid health-care setting. v
Diabetes Care 1993;16(8):1193-5.

Rudnisky CJ, Hinz BJ, Tennant MT, de Leon AR, Greve MD. High-resolution

stereoscopic digital fundus photography versus contact lens biomicroscopy for v v
the detection of clinically significant macular edema. Ophthalmology

2002;109(2):267-74.

Method under investigation = Camera
Reference Standard = Camera (8)

i [

RCT (1)
Neubauer AS, Rothschuh A, Ulbig MW, Blum M. Digital fundus image grading
with the non-mydriatic Visucam(PRO NM) versus the FF450(plus) camera in v v

diabetic retinopathy. Acta Opthalmologica 2008a;86(2):177-82.
Cross-sectional study (1)

Baeza M, Orozco-Beltran D, Gil-Guillen VF, Pedrera V, Ribera MC, Pertusa S,

Merino J. Screening for sight threatening diabetic retinopathy using non-mydriatic V4 v
retinal camera in a primary care setting: to dilate or not to dilate? International

Journal of Clinical Practice 2009;63(3): 433-8.

Case-control study (1)

Shiba T, Maruo K, Akahoshi T. Development of a multi-field fundus
photographing system using a non-mydriatic camera for diabetic retinopathy.
Diabetes Research & Clinical Practice 1999;45(1):1-8.

Case series (5)

Bursell SE, Cavallerano JD, Cavallerano AA, Clermont AC, Birkmire-Peters D,

Aiello LP, et al. Stereo nonmydriatic digital-video color retinal imaging compared

with Early Treatment Diabetic Retinopathy Study seven standard field 35-mm v v
stereo color photos for determining level of diabetic retinopathy. Ophthalmology
2001;108(3):572-85.

Fransen SR, Leonard-Martin TC, Feuer WJ, Hildebrand PL. Clinical evaluation of
patients with diabetic retinopathy: accuracy of the Inoveon diabetic retinopathy- v v
3DT system. Ophthalmology 2002;109(3):595-601.

Gonzalez ME, Gonzalez C, Stern MP, Arredondo B, Martinez S. Concordance in
diagnosis of diabetic retinopathy by fundus photography between retina
specialists and a standardized reading center. Mexico City Diabetes Study
Retinopathy Group. Archives of Medical Research 1995;26(2):127-31.

Hansen AB, Sander B, Larsen M, Kleener J, Borch-Johnsen K, Klein R, et al.

Screening for diabetic retinopathy using a digital non-mydriatic camera compared v v
with standard 35-mm stereo colour transparencies. Acta Ophthalmologica

Scandinavica 2004;82(6):656-65.
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Phiri R, Keeffe JE, Harper CA, Taylor HR. Comparative study of the polaroid and
digital non-mydriatic cameras in the detection of referrable diabetic retinopathy in
Australia. Diabetic Medicine 2006;23(8):867-72.

Method under investigation = Camera
Reference Standard = Examination / Camera (6)

S
Cohort study (pros.) (1)

Cavallerano JD, Aiello LP, Cavallerano AA, Katalinic P, Hock K, Kirby R, et al.
Nonmydriatic digital imaging alternative for annual retinal examination in persons v
with previously documented no or mild diabetic retinopathy. American Journal of
Ophthalmology 2005;140(4):667-73.

Case series (5)

Aiello LM, Bursell SE, Cavallerano J, Gardner WK, Strong J. Joslin Vision
Network Validation Study: pilot image stabilization phase. Journal of the American
Optometric Association 1998;69(11):699-710.

Boucher MC, Gresset JA, Angioi K, Olivier S. Effectiveness and safety of

screening for diabetic retinopathy with two nonmydriatic digital images compared v v
with the seven standard stereoscopic photographic fields. Canadian Journal of

Ophthalmology 2003;38(7):557-68.

Lawrence MG. The accuracy of digital-video retinal imaging to screen for diabetic
retinopathy: an analysis of two digital-video retinal imaging systems using
standard stereoscopic seven-field photography and dilated clinical examination as v
reference standards. Transactions of the American Ophthalmological Society
2004;102:321-40.

Liesenfeld B, Kohner E, Piehimeier W, Kluthe S, Aldington S, Porta M, et al. A
telemedical approach to the screening of diabetic retinopathy: digital fundus v
photography. Diabetes Care 2000;23(3):345-8.

Scanlon PH, Malhotra R, Greenwood RH, Aldington SJ, Foy C, Flatman M, et al.

Comparison of two reference standards in validating two field mydriatic digital v v
photography as a method of screening for diabetic retinopathy. British Journal of

Ophthalmology 2003b;87(10):1258-63.

Method under investigation = Camera
Reference Standard = Camera / Fluorescein Angiography (1)

S./S, | Kappa

Case series (1)

Moller F, Hansen M, Sjolie AK. Is one 60 degrees fundus photograph sufficient
for screening of proliferative diabetic retinopathy? Diabetes Care
2002;24(12):2083-5.
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Method under investigation = Camera
Reference Standard = Fluorescein Angiography (1)

w

Case series (1)

Jones D, Dolben J, Owens DR, Vora JP, Young S, Creagh FM. Non-mydriatic
Polaroid photography in screening for diabetic retinopathy: evaluation in a
clinical setting. British Medical Journal (Clin. Res. Ed.)1988;296(6628):1029-30.

Method under investigation = Examination
Reference Standard = Examination (8)

S./S, Kappa

Case-control study (1)

Bibby K, Barrie T, Patterson KR, MacCuish AC. Benefits of training junior
physicians to detect diabetic retinopathy--the Glasgow experience. Journal of
the Royal Society of Medicine 1992;85(6):326-8.

Case series (7)

Hammond CJ, Shackleton J, Flanagan DW, Herrtage J, Wade J. Comparison
between an ophthalmic optician and an ophthalmologist in screening for v
diabetic retinopathy. Eye 1996;10 ( Pt 1):107-12.

Hulme SA, Tin UA, Hardy KJ, Joyce PW. Evaluation of a district-wide screening
programme for diabetic retinopathy utilizing trained optometrists using slit-lamp v
and Volk lenses. Diabetic Medicine 2002;19(9):741-5.

Lienert RT. Inter-observer comparisons of ophthalmoscopic assessment of
diabetic retinopathy. Australian & New Zealand Journal of Ophthalmology
1989;17(4):363-8.

Prasad S, Kamath GG, Jones K, Clearkin LG, Phillips RP. Effectiveness of
optometrist screening for diabetic retinopathy using slit-lamp biomicroscopy. v
Eye 2001;15(Pt 5):595-601.

Reenders K, de Nobel E, van den Hoogen H, van Weel C. Screening for
diabetic retinopathy by general practitioners. Scandinavian Journal of Primary v
Health Care 1992;10(4):306-9.

Verma L, Prakash G, Tewari HK, Gupta SK, Murthy GV, Sharma N. Screening
for diabetic retinopathy by non-ophthalmologists: an effective public health tool. v v
Acta Ophthalmologica Scandinavica 2003;81(4):373-7.

Warburton TJ, Hale PJ, Dewhurst JA. Evaluation of a local optometric diabetic v
retinopathy screening service. Diabetic Medicine 2004;21(6):632-5.
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Method under investigation = Examination
Reference Standard = Camera (2)

s, | Kappa

Case series (2)

Kleinstein RN, Roseman JM, Herman WH, Holcombe J, Louv WC. Detection
of diabetic retinopathy by optometrists. Journal of the American Optometric
Association 1987;58(11):879-82.

Sussman EJ, Tsiaras WG, Soper KA. Diagnosis of diabetic eye disease. v
JAMA 1982;247(23):3231-4.

Method under investigation = Examination / Camera
Reference Standard = Camera (5)

Sn/Sp Kappa

Case series (5)

Lin DY, Blumenkranz MS, Brothers RJ, Grosvenor DM. The sensitivity and

specificity of single-field nonmydriatic monochromatic digital fundus

photography with remote image interpretation for diabetic retinopathy v v
screening: a comparison with ophthalmoscopy and standardized mydriatic

color photography. American Journal of Ophthalmology 2002;134(2):204-13.

Massin P, Aubert JP, Eschwege E, Erginay A, Bourovitch JC, BenMehidi A, et
al. Evaluation of a screening program for diabetic retinopathy in a primary care
setting Dodia (Depistage ophtalmologique du diabete) study. Diabetes &
Metabolism 2005;31(2):153-62.

Nathan DM, Fogel HA, Godine JE, Lou PL, D'Amico DJ, Regan CDJ, et al.
Role of diabetologist in evaluating diabetic retinopathy. Diabetes Care
1991;14(1):26-33.

Pugh JA, Jacobson JM, Van Heuven WA, Watters JA, Tuley MR, Lairson DR,
et al. Screening for diabetic retinopathy. The wide-angle retinal camera. v v
Diabetes Care 1993;16(6):889-95.

Taylor DJ, Fisher J, Jacob J, Tooke JE. The use of digital cameras in a mobile v
retinal screening environment. Diabetic Medicine 1999;16(8):680-6.
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Method under investigation = Examination / Camera
Reference Standard = Examination (3)

s, | Kappa

Case series (3)

Olson JA, Strachan FM, Hipwell JH, Goatman KA, McHardy KC, Forrester JV,

et al. A comparative evaluation of digital imaging, retinal photography and v
optometrist examination in screening for diabetic retinopathy. Diabetic
Medicine 2003;20(7):528-34.

Siu SC, Ko TC, Wong KW, Chan WN. Effectiveness of non-mydriatic retinal
photography and direct ophthalmoscopy in detecting diabetic retinopathy. v
Hong Kong Medical Journal 1998;4(4):367-370.

Williams R, Nussey S, Humphry R, Thompson G. Assessment of non-
mydriatic fundus photography in detection of diabetic retinopathy. British v
Medical Journal (Clin. Res. Ed.) 1986;293(6555):1140-2.

Method under investigation = Examination / Camera
Reference Standard = Exam / Camera (1)

S./S, Kappa

Case series (1)

Schmid KL, Swann PG, Pedersen C, Schmid LM. The detection of diabetic
retinopathy by Australian optometrists. Clinical & Experimental Optometry
2002;85(4):221-8.

Method under investigation = Outreach - Examination / Camera
Reference Standard = Examination (4)

/5, | Kappa

Case series (4)

Harding SP, Broadbent DM, Neoh C, White MC, Vora J. Sensitivity and
specificity of photography and direct ophthalmoscopy in screening for sight v
threatening eye disease: the Liverpool Diabetic Eye Study. British Medical

Journal 1995;311(7013):1131-5.

Leese GP, Ellis JD, Morris AD, Ellingford A. Does direct ophthalmoscopy

improve retinal screening for diabetic eye disease by retinal photography? v
Diabetic Medicine 2002;19(10):867-9.
Pandit RJ, Taylor R. Quality assurance in screening for sight-threatening v

diabetic retinopathy. Diabetic Medicine 2002;19(4):285-91.

122



Appendices

Scanlon PH, Malhotra R, Thomas G, Foy C, Kirkpatrick JN, Lewis-Barned N,

et al. The effectiveness of screening for diabetic retinopathy by digital imaging v
photography and technician ophthalmoscopy. Diabetic  Medicine
2003a;20(6):467-74.

Method under investigation = Outreach - Examination / Camera
Reference Standard = Examination / Camera (2)

S./S, Kappa

Case series (2)

O'Hare JP, Hopper A, Madhaven C, Charny M, Purewell TS, Harney B, et al.
Adding retinal photography to screening for diabetic retinopathy: a prospective
study in primary care. British Medical Journal 1996;312(7032):679-82.

Shiba T, Yamamoto T, Seki U, Utsugi N, Fujita K, Sato Y, et al. Screening and
follow-up of diabetic retinopathy using a new mosaic 9-field fundus
photography system. Diabetes Research & Clinical Practice 2002;55(1):49-59.

Method under investigation = Outreach - Camera
Reference Standard = Examination (2)

S./S, Kappa

Case series (2)

Diamond JP, McKinnon M, Barry C, Geary D, McAllister IL, House P, et al.

Non-mydriatic fundus photography: A viable alternative to fundoscopy for

identification of diabetic retinopathy in an Aboriginal population in rural v
Western Australia? Australian & New Zealand Journal of Ophthalmology
1998;26(2):109-115.

Maberley D, Cruess AF, Barile G, Slakter J. Digital photographic screening for
diabetic retinopathy in the James Bay Cree. Ophthalmic Epidemiology v
2002;9(3):169-78.

Method under investigation = Outreach - Examination
Reference Standard = Camera (1)

45, | Kappa

Case series (1)

Moss SE, Klein R, Kessler SD, Richie KA. Comparison between
ophthalmoscopy and fundus photography in determining severity of diabetic v
retinopathy. Ophthalmology 1985;92(1):62-7.
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Method under investigation = Scanning Laser
Reference Standard = Examination (2)

=
Case series (2)

Friberg TR, Pandya A, Eller AW. Non-mydriatic panoramic fundus imaging
using a non-contact scanning laser-based system. Ophthalmic Surgery, v
Lasers & Imaging 2003;34(6):488-97.

Neubauer AS, Kernt M, Haritoglou C, Priglinger SG, Kampik A, Ulbig MW.

Nonmydriatic screening for diabetic retinopathy by ultra-widefield scanning v v
laser ophthalmoscopy (Optomap). Graefes Archive for Clinical & Experimental

Ophthalmology 2008b;246(2):229-35.

Method under investigation = Optician Report
Reference Standard = Examination (1)

= =
Case series (1)

Burns-Cox CJ, Hart JC. Screening of diabetics for retinopathy by ophthalmic
opticians. British Medical Journal (Clin. Res. Ed.) 1985;290(6474):1052-4.
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APPENDIX 3: REVIEWS AND RELATED PRIMARY STUDIES

Systematic Reviews (6)

Bachmann MO, Nelson SJ. Impact of diabetic retinopathy screening on a British district population:
case detection and blindness prevention in an evidence-based model. Journal of Epidemiology &
Community Health 1998;52(1):45-52.

Gutierrez A, Asua J. Analysis of the cost-effectiveness of the non-mydriatic retinal camera for diabetic
retinopathy - primary research (Structured abstract). International Society of Technology Assessment
in Health Care 1996.

Hutchinson A, Mcintosh A, Peters J, O'Keeffe C, Khunti K, Baker R, et al. Effectiveness of screening
and monitoring tests for diabetic retinopathy--a systematic review. Diabetic Medicine 2000;17(7):495-
506.

Mason J, Drummond M, Woodward G. Optometrist screening for diabetic retinopathy: evidence and
environment. Ophthalmic & Physiological Optics 1996;16(4):274-85.

Sharp PF, Olson J, Strachan F, Hipwell J, Ludbrook A, O'Donnell M, et al. The value of digital imaging
in diabetic retinopathy. Health Technology Assessment 2003;7(30):1-119.

Swanson M. Retinopathy screening in individuals with type 2 diabetes: who, how, how often, and at
what cost--an epidemiologic review. Optometry 2005;76(11):636-46.

Cost-Effectiveness Analysis (7)

Aoki N, Dunn K, Fukui T, Beck JR, Schull WJ, Li HK. Cost-effectiveness analysis of telemedicine to
evaluate diabetic retinopathy in a prison population. Diabetes Care 2004;27(5):1095-101.

Dasbach EJ, Fryback DG, Newcomb PA, Klein R, Klein BE. Cost-effectiveness of strategies for
detecting diabetic retinopathy. Medical Care 1991;29(1):20-39.

Javitt JC, Canner JK, Frank RG, Steinwachs DM, Sommer A. Detecting and treating retinopathy in
patients with type | diabetes mellitus. A health policy model. Ophthalmology 1990;97(4):483-94;
discussion 494-5.

Lairson DR, Pugh JA, Kapadia AS, Lorimor RJ, Jacobson J, Velez R. Cost-effectiveness of alternative
methods for diabetic retinopathy screening. Diabetes Care 1992;15(10):1369-77.

Sculpher MJ, Buxton MJ, Ferguson BA, Humphreys JE, Altman JF, Spiegelhalter DJ, et al. A relative
cost-effectiveness analysis of different methods of screening for diabetic retinopathy. Diabetic
Medicine 1991;8(7):644-50.

Taylor R. Practical community screening for diabetic retinopathy using the mobile retinal camera:
report of a 12 centre study. British Diabetic Association Mobile Retinal Screening Group. Diabetic
Medicine 1996;13(11):946-52.

Whited JD, Datta SK, Aiello LM, Aiello LP, Cavallerano JD, Conlin PR, et al. A modeled economic
analysis of a digital tele-ophthalmology system as used by three federal health care agencies for
detecting proliferative diabetic retinopathy. Telemedicine Journal & E-Health 2005;11(6):641-51.

125



Appendices

Studies investigating Computerised Evaluation screening methods (14)

Baudoin CE, Lay BJ, Klein JC. Automatic detection of microaneurysms in diabetic fluorescein
angiography. Revue D'épidémiologie et de Santé Publique 1984;32(3-4):254-61.

Cree MJ, Olson JA, McHardy KC, Sharp PF, Forrester JV. A fully automated comparative
microaneurysm digital detection system. Eye 1997;11 ( Pt 5):622-8.

Daxer A. The fractal geometry of proliferative diabetic retinopathy: implications for the diagnosis and
the process of retinal vasculogenesis. Current Eye Research 1993;12(12):1103-9.

Gardner GG, Keating D, Williamson TH, Elliott AT. Automatic detection of diabetic retinopathy using
an artificial neural network: a screening tool. British Journal of Ophthalmology 1996;80(11):940-4.

Goldbaum MH, Katz NP, Nelson MR, Haff LR. The discrimination of similarly colored objects in
computer images of the ocular fundus. Investigative Ophthalmology & Visual Science 1990;31(4):617-
23.

Hansen AB, Hartvig NV, Jensen MS, Borch-dJohnsen K, Lund-Andersen H, Larsen M. Diabetic
retinopathy screening using digital non-mydriatic fundus photography and automated image analysis.
Acta Ophthalmologica Scandinavica 2004;82(6):666-72.

Kozousek V, Shen Z, Gregson P, Scott RC. Automated detection and quantification of venous beading
using Fourier analysis. Canadian Journal of Ophthalmology 1992;27(6):288-94.

Larsen M, Gondolf T, Godt J, Jensen MS, Hartvig NV, Lund-Andersen H, et al. Assessment of
automated screening for treatment-requiring diabetic retinopathy. Current Eye Research
2007;32(4):331-6.

Niemeijer M, van Ginneken B, Russell SR, Suttorp-Schulten MS, Abramoff MD. Automated detection
and differentiation of drusen, exudates, and cotton-wool spots in digital color fundus photographs for
diabetic retinopathy diagnosis. Investigative Ophthalmology & Visual Science 2007;48(5):2260-7.

Philip S, Fleming AD, Goatman KA, Fonseca S, McNamee P, Scotland GS, et al. The efficacy of
automated "disease/no disease" grading for diabetic retinopathy in a systematic screening
programme. British Journal of Ophthalmology 2007;91(11):1512-7.

Phillips R, Forrester J, Sharp P. Automated detection and quantification of retinal exudates. Graefe's
Archive for Clinical & Experimental Ophthalmology 1993;231(2):90-4.

Sinthanayothin C, Boyce JF, Williamson TH, Cook HL, Mensah E, Lal S, et al. Automated detection of
diabetic retinopathy on digital fundus images. Diabetic Medicine 2002;19(2):105-12.

Spencer T, Phillips RP, Sharp PF, Forrester JV. Automated detection and quantification of
microaneurysms in fluorescein angiograms. Graefe's Archive for Clinical & Experimental
Ophthalmology 1992;230(1):36-41.

Spencer T, Olson JA, McHardy KC, Sharp PF, Forrester JV. An image-processing strategy for the
segmentation and quantification of microaneurysms in fluorescein angiograms of the ocular fundus.
Computers & Biomedical Research 1996;29(4):284-302.

Studies relevant to outreach but not meeting review inclusion criteria (9)

Aoki N, Dunn K, Fukui T, Beck JR, Schull WJ, Li HK. Cost-effectiveness analysis of telemedicine to
evaluate diabetic retinopathy in a prison population. Diabetes Care 2004;27(5):1095-101.

Chabouis A, Berdugo M, Meas T, Erginay A, Laloi-Michelin M, Jouis V, et al. Benefits of Ophdiat, a
telemedical network to screen for diabetic retinopathy: a retrospective study in five reference hospital
centres. Diabetes & Metabolism 2009;35(3):228-32.

Keefe J, McCarty C, Doyle M, Harper C, Tayler H. Screening for diabetic retinopathy by Indigenous
health workers. Investigative Ophthalmology & Visual Science 1997;38(4):S236.

Leese GP, Ahmed S, Newton RW, Jung RT, Ellingford A, Baines P, et al. Use of mobile screening unit
for diabetic retinopathy in rural and urban areas. British Medical Journal 1993;306(6871):187-9.

126



Appendices

Mash B, Powell D, du Plessis F, van Vuuren U, Michalowska M, Levitt N. Screening for diabetic
retinopathy in primary care with a mobile fundal camera--evaluation of a South African pilot project.
South African Medical Journal 2007;97(12):1284-8.

Murray RB, Metcalf SM, Lewis PM, Mein JK, McAllister IL. Sustaining remote-area programs: retinal
camera use by Aboriginal health workers and nurses in a Kimberley partnership. Medical Journal of
Australia 2005;182(10):520-3.

Taylor R, Lovelock L, Tunbridge WM, Alberti KG, Brackenridge RG, Stephenson P, et al. Comparison
of non-mydriatic retinal photography with ophthalmoscopy in 2159 patients: mobile retinal camera
study. British Medical Journal (Clin. Res. Ed.) 1990;301(6763):1243-7.

Taylor R. Practical community screening for diabetic retinopathy using the mobile retinal camera:
report of a 12 centre study. British Diabetic Association Mobile Retinal Screening Group. Diabetic
Medicine 1996;13(11):946-52.

Whited JD, Datta SK, Aiello LM, Aiello LP, Cavallerano JD, Conlin PR, et al. A modeled economic
analysis of a digital tele-ophthalmology system as used by three federal health care agencies for
detecting proliferative diabetic retinopathy. Telemedicine Journal & E-Health 2005;11(6):641-51.

Non-English Studies (7)

Andonegui J, Berastegui L, Serrano L, Eguzkiza A, Gaminde |, Aliseda D. Agreement among
ophthalmologists and primary care physicians in the evaluation of retinographies of diabetic patients.
Archivos de la Sociedad Espanola de Oftalmologia 2008;83(9): 527-31. [Spanish]

Baeza Diaz M, Gil Guillen V, Orozco Beltran D, Pedrera Carbonell V, Ribera Montes C, Perez Pons |,
et al. Validity of the non-mydriatic camera for diabetic retinopathy screening and analysis of
retinopathy risk indicators. Archivos de la Sociedad Espanola de Oftalmologia 2004;79(9):433-41.
[Spanish]

Freyberger H, Schifferdecker E, Meyer-Schwickerath R, Herber K, Schatz H. Screening methods of
diabetic retinopathy. Medizinische Welt 1995;46(7):375-378. [German]

Hernaez Ortega MC, Soto Pedre E, Vazquez JA, Gutierrez MA, Asua J. Study of the efficiency of a
non-mydriatic retinal camera for the diagnosis of diabetic retinopathy (Structured abstract). Revista
Clinica Espanola 1998;198(4):194-199. [Spanish]

Jiang S, Zhang L, Aizezi K. Research of non-mydriasis photography for diabetic retinopathy screening.
International Journal of Ophthalmology 2008;8(10): 2037-2039. [Chinese]

Neubauer AS, Chryssafis C, Thiel M, Priglinger S, Welge-Lussen U, Kampik A. Screening for diabetic
retinopathy and optic disc topography with the "retinal thickness analyzer" (RTA). Ophthalmologe
2005;102(3):251-8. [German]

Sender Palacios MJ, Monserrat Bagur S, Badia Llach X, Maseras Bover M, de la Puente Martorell ML,
Foz Sala M. Non mydriatic retinal camera: cost-effectiveness study for early detection of diabetic
retinopathy. Medicina Clinica 2003;121(12):446-52. [Spanish]

127



Bibliography

ABS. National health survey: Summary of results 2004-05 (Code: 4364.0). Australian Bureau of Statistics
(ABS) 2006:1-92.

ABS. Year Book Australia, 2008: Feature Article 2: Diabetes mellitus. Australian Bureau of Statistics (ABS)
2008;www8.abs.gov.au/ausstats/abs@.nsf/7d12b0f6763c78caca257061001cc588/3e1940d483190ad3ca25
73d2001076c6!0OpenDocument, accessed 16th September 2009.

Aldington SJ, Kohner EM, Meuer S, Klein R, Sjolie AK. Methodology for retinal photography and assessment
of diabetic retinopathy: the EURODIAB IDDM complications study. Diabetologia 1995;38(4):437-44.

American Academy of Ophthalmology. International Clinical Diabetic Retinopathy Disease Severity Scale
American Academy of Ophthalmology, 2002.

American Diabetes Association. Standards of medical care in diabetes--2009. Diabetes Care 2009;32 (Suppl
1):S13-61.

Australian Government Productivity Commission. Overcoming Indigenous Disadvantage: Key Indicators
2009. Australian Government, 2009; http://www.pc.gov.au/gsp/reports/indigenous/keyindicators2009,
accessed 4th September 2009.

Baeza M, Orozco-Beltran D, Gil-Guillen VF, Pedrera V, Ribera MC, Pertusa S, et al. Screening for sight
threatening diabetic retinopathy using non-mydriatic retinal camera in a primary care setting: to dilate or not
to dilate? International Journal of Clinical Practice 2009;63(3):433-8.

Bibby K, Barrie T, Patterson KR, MacCuish AC. Benefits of training junior physicians to detect diabetic
retinopathy--the Glasgow experience. Journal of the Royal Society of Medicine 1992;85(6):326-8.

Burns-Cox CJ, Hart JC. Screening of diabetics for retinopathy by ophthalmic opticians. British Medical
Journal (Clin. Res. Ed.) 1985 [Study 1];290(6474):1052-4.

Cavallerano JD, Aiello LP, Cavallerano AA, Katalinic P, Hock K, Kirby R, et al. Nonmydriatic digital imaging
alternative for annual retinal examination in persons with previously documented no or mild diabetic
retinopathy. American Journal of Ophthalmology 2005;140(4):667-73.

CDC. Detailed data for prevalence of diabetes. Centers for Disease Control & Prevention
2008;www.cdc.gov/diabetes/statistics/prev/national/tprevage.htm, accessed on 16th September 2009.

CERA. Specialist Eye Health Guidelines for use in Aboriginal and Torres Strait Islander Populations:
Cataract, Diabetic Retinopathy, Trachoma. Canberra: Centre for Eye Research Australia & RACO (Royal
Australasian College of Ophthalmologists), Commonwealth of Australia, 2001.

Chabouis A, Berdugo M, Meas T, Erginay A, Laloi-Michelin M, Jouis V, et al. Benefits of Ophdiat, a
telemedical network to screen for diabetic retinopathy: a retrospective study in five reference hospital
centres. Diabetes & Metabolism 2009;35(3):228-32.

Coleman K, Grimmer-Somers K, Hillier S, Merlin T, Middleton P, Salisbury J. NHMRC additional levels of
evidence and grade for recommendations for developers of guidelines: Stage 2 consultation: NHMRC
(National Health and Medical Research Council), 2008.

Cugati S, Kifley A, Mitchell P, Wang JJ. Temporal trends in the age-specific prevalence of diabetes and
diabetic retinopathy in older persons: Population-based survey findings. Diabetes Research & Clinical
Practice 2006;74(3):301-8.

128



Bibliography

Daniel M, Rowley KG, McDermott R, O'Dea K. Diabetes and impaired glucose tolerance in Aboriginal
Australians: prevalence and risk. Diabetes Research & Clinical Practice 2002;57(1):23-33.

Diamond JP, McKinnon M, Barry C, Geary D, McAllister IL, House P, et al. Non-mydriatic fundus
photography: A viable alternative to fundoscopy for identification of diabetic retinopathy in an Aboriginal
population in rural Western Australia? Australian & New Zealand Journal of Ophthalmology 1998;26(2):109-
115.

Dunstan DW, Zimmet PZ, Welborn TA, De Courten MP, Cameron AJ, Sicree RA, et al. The rising
prevalence of diabetes and impaired glucose tolerance: the Australian Diabetes, Obesity and Lifestyle
Study. Diabetes Care 2002;25(5):829-34.

Fong DS, Aiello L, Gardner TW, King GL, Blankenship G, Cavallerano JD, et al. Retinopathy in diabetes.
Diabetes Care 2004;27 Suppl 1:S84-7.

Friberg TR, Pandya A, Eller AW. Non-mydriatic panoramic fundus imaging using a non-contact scanning
laser-based system. Ophthalmic Surgery, Lasers & Imaging 2003;34(6):488-97.

Gibbins R, Owens D, Allen J, Eastman L. Practical application of the European Field Guide in screening for
diabetic retinopathy by using ophthalmoscopy and 35mm retinal slides. Diabetologia 1998;41(1):59 - 64.

Gonzalez EL, Johansson S, Wallander MA, Rodriguez LA. Trends in the prevalence and incidence of
diabetes in the UK: 1996-2005. Journal of Epidemiology & Community Health 2009;63(4):332-6.

Greenhalgh T. How to read a paper. Papers that report diagnostic or screening tests. British Medical Journal
1997;315(7107):540-3.

Harding SP, Broadbent DM, Neoh C, White MC, Vora J. Sensitivity and specificity of photography and direct
ophthalmoscopy in screening for sight threatening eye disease: the Liverpool Diabetic Eye Study. British
Medical Journal 1995;311(7013):1131-5.

Harper CA, Livingston PM, Wood C, Jin C, Lee SJ, Keeffe JE, et al. Screening for diabetic retinopathy using
a non-mydriatic retinal camera in rural Victoria. Australian & New Zealand Journal of Ophthalmology
1998;26(2):117-21.

Hercules BL, Gayed, I, Lucas SB, Jeacock J. Peripheral retinal ablation in the treatment of proliferative
diabetic retinopathy: a three-year interim report of a randomised, controlled study using the argon laser.
British Journal of Ophthalmology 1977;61(9):555-63.

Javitt JC, Canner JK, Frank RG, Steinwachs DM, Sommer A. Detecting and treating retinopathy in patients
with type | diabetes mellitus. A health policy model. Ophthalmology 1990;97(4):483-94; discussion 494-5.

Jones CM, Athanasiou T. Diagnostic accuracy meta-analysis: review of an important tool in radiological
research and decision making. British Journal of Radiology 2009;82(978):441-6.

Kinyoun JL, Martin DC, Fujimoto WY, Leonetti DL. Ophthalmoscopy versus fundus photographs for
detecting and grading diabetic retinopathy. Investigative Ophthalmology & Visual Science 1992;33(6):1888-
93.

Klein R, Klein BE, Moss SE, Davis MD, DeMets DL. The Wisconsin epidemiologic study of diabetic

retinopathy. Il. Prevalence and risk of diabetic retinopathy when age at diagnosis is less than 30 years.
Archives of Ophthalmology 1984;102(4):520-6.

129



Bibliography

Klein R, Klein BE, Moss SE, Davis MD, DeMets DL. Glycosylated hemoglobin predicts the incidence and
progression of diabetic retinopathy. JAMA 1988;260(19):2864-71.

Klein R. Prevention of visual loss from diabetic retinopathy. Survey of Ophthalmology 2002;47 (Suppl
2):5246-52.

Kristinsson JK, Stefansson E, Jonasson F, Gislason |, Bjornsson S. Systematic screening for diabetic eye
disease in insulin dependent diabetes. Acta Ophthalmologica (Copenh) 1994;72(1):72-8.

Landis JR, Koch GG. The measurement of observer agreement for categorical data. Biometrics
1977;33(1):159-74.

Lawrence MG. The accuracy of digital-video retinal imaging to screen for diabetic retinopathy: an analysis of
two digital-video retinal imaging systems using standard stereoscopic seven-field photography and dilated
clinical examination as reference standards. Transactions of the American Ophthalmological Society
2004;102:321-40.

Lee PP, Feldman ZW, Ostermann J, Brown DS, Sloan FA. Longitudinal rates of annual eye examinations of
persons with diabetes and chronic eye diseases. Ophthalmology 2003;110(10):1952-9.

Lee VS, Kingsley RM, Lee ET, Lu M, Russell D, Asal NR, et al. The diagnosis of diabetic retinopathy.
Ophthalmoscopy versus fundus photography. Ophthalmology 1993;100(10):1504-12.

Leese GP, Newton RW, Jung RT, Haining W, Ellingford A. Screening for diabetic retinopathy in a widely
spaced population using non-mydriatic fundus photography in a mobile unit. Tayside Mobile Eye Screening
Unit. Diabetic Medicine 1992;9(5):459-62.

Leese GP, Ahmed S, Newton RW, Jung RT, Ellingford A, Baines P, et al. Use of mobile screening unit for
diabetic retinopathy in rural and urban areas. British Medicine Journal 1993;306(6871):187-9.

Lim A, Stewart J, Chui TY, Lin M, Ray K, Lietman T, et al. Prevalence and risk factors of diabetic retinopathy
in a multi-racial underserved population. Ophthalmic Epidemiology 2008;15(6):402-9.

Lopez-Bastida J, Cabrera-Lopez F, Serrano-Aguilar P. Sensitivity and specificity of digital retinal imaging for
screening diabetic retinopathy. Diabetic Medicine 2007;24(4):403-7.

Maberley D, Cruess AF, Barile G, Slakter J. Digital photographic screening for diabetic retinopathy in the
James Bay Cree. Ophthalmic Epidemiology 2002;9(3):169-78.

Maberley D, Walker H, Koushik A, Cruess A. Screening for diabetic retinopathy in James Bay, Ontario: a
cost-effectiveness analysis. Canadian Medical Association Journal 2003;168(2):160-4.

Mash B, Powell D, du Plessis F, van Vuuren U, Michalowska M, Levitt N. Screening for diabetic retinopathy
in primary care with a mobile fundal camera--evaluation of a South African pilot project. South African
Medical Journal 2007;97(12):1284-8.

Massin P, Erginay A, Ben Mehidi A, Vicaut E, Quentel G, Victor Z, et al. Evaluation of a new non-mydriatic
digital camera for detection of diabetic retinopathy. Diabetic Medicine 2003;20(8):635-41.

Massin P, Aubert JP, Eschwege E, Erginay A, Bourovitch JC, BenMehidi A, et al. Evaluation of a screening
program for diabetic retinopathy in a primary care setting Dodia (Depistage ophtalmologique du diabete)
study. Diabetes & Metabolism 2005;31(2):153-62.

Matthews DR, Stratton IM, Aldington SJ, Holman RR, Kohner EM. Risks of progression of retinopathy and
vision loss related to tight blood pressure control in type 2 diabetes mellitus: UKPDS 69. Archives of
Ophthalmology 2004;122(11):1631-40.

130



Bibliography

McCarty CA, Lloyd-Smith CW, Lee SE, Livingston PM, Stanislavsky YL, Taylor HR. Use of eye care services
by people with diabetes: the Melbourne Visual Impairment Project. British Journal of Ophthalmology
1998;82(4):410-4.

McDermott R, Rowley KG, Lee AJ, Knight S, O'Dea K. Increase in prevalence of obesity and diabetes and
decrease in plasma cholesterol in a central Australian aboriginal community. Medical Journal of Australia
2000;172(10):480-4.

McKay R, McCarty CA, Taylor HR. Diabetic retinopathy in Victoria, Australia: the Visual Impairment Project.
British Journal of Ophthalmology 2000;84(8):865-70.

Mitchell P, Foran S. Guidelines for the Management of Diabetic Retinopathy: National Health and Medical
Research Council (NHMRC), 2008.

Mohamed Q, Gillies MC, Wong TY. Management of diabetic retinopathy: a systematic review. JAMA
2007;298(8):902-16.

Mohan R, Kohner EM, Aldington SJ, Nijhar I, Mohan V, Mather HM. Evaluation of a non-mydriatic camera in
Indian and European diabetic patients. British Journal of Ophthalmology 1988;72(11):841-5.

Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. PLoS Medicine 2009;6(7):e1000097.

Molina Fernandez E, Valero Moll MS, Pedregal Gonzalez M, Calvo Lozano J, Sanchez Ramos JL, Diaz
Rodriguez E, et al. Validation of the electronic mailing of retinographs of diabetic patients in order to detect
retinopathy in primary care. Atencion Primaria 2008;40(3):119-23.

Moss SE, Klein R, Kessler SD, Richie KA. Comparison between ophthalmoscopy and fundus photography in
determining severity of diabetic retinopathy. Ophthalmology 1985;92(1):62-7.

Murgatroyd H, Ellingford A, Cox A, Binnie M, Ellis JD, MacEwen CJ, et al. Effect of mydriasis and different
field strategies on digital image screening of diabetic eye disease. British Journal of Ophthalmology
2004;88(7):920-4.

Murray RB, Metcalf SM, Lewis PM, Mein JK, McAllister IL. Sustaining remote-area programs: retinal camera
use by Aboriginal health workers and nurses in a Kimberley partnership. Medical Journal of Australia
2005;182(10):520-3.

Nathan DM, Fogel HA, Godine JE, Lou PL, D'Amico DJ, Regan CDJ, et al. Role of diabetologist in
evaluating diabetic retinopathy. Diabetes Care 1991;14(1):26-33.

Neubauer AS, Kernt M, Haritoglou C, Priglinger SG, Kampik A, Ulbig MW. Nonmydriatic screening for
diabetic retinopathy by ultra-widefield scanning laser ophthalmoscopy (Optomap). Graefes Archive for
Clinical & Experimental Ophthalmology 2008b;246(2):229-35.

NHMRC. Clinical Practice Guidelines: Management of diabetic retinopathy. NHMRC (National Health &
Medical Research Council), 1997.

O'Hare JP, Hopper A, Madhaven C, Charny M, Purewell TS, Harney B, et al. Adding retinal photography to
screening for diabetic retinopathy: a prospective study in primary care. British Medical Journal
1996;312(7032):679-82.

Pandit RJ, Taylor R. Quality assurance in screening for sight-threatening diabetic retinopathy. Diabetic
Medicine 2002;19(4):285-91.

131



Bibliography

Peters AL, Davidson MB, Ziel FH. Cost-effective screening for diabetic retinopathy using a nonmydriatic
retinal camera in a prepaid health-care setting. Diabetes Care 1993;16(8):1193-5.

Porta M. To screen or not to screen? High-tech responses to a not-so-hamletic question. Diabetes &
Metabolism 2008;34(3):189-91.

Pugh JA, Jacobson JM, Van Heuven WA, Watters JA, Tuley MR, Lairson DR, et al. Screening for diabetic
retinopathy. The wide-angle retinal camera. Diabetes Care 1993;16(6):889-95.

Royal College of Ophthalmologist. Guidelines for diabetic retinopathy. 2005;
http://www.rcophth.ac.uk/docs/publications/published-guidelines/DiabeticRetinopathyGuidelines2005.pdf:1-
104.

Shiba T, Maruo K, Akahoshi T. Development of a multi-field fundus photographing system using a non-
mydriatic camera for diabetic retinopathy. Diabetes Research & Clinical Practice 1999;45(1):1-8.

Shiba T, Yamamoto T, Seki U, Utsugi N, Fujita K, Sato Y, et al. Screening and follow-up of diabetic
retinopathy using a new mosaic 9-field fundus photography system. Diabetes Research & Clinical Practice
2002;55(1):49-59.

Sinclair SH, Malamut R, Delvecchio C, Li W. Diabetic retinopathy: treating systemic conditions aggressively
can save sight. Cleveland Clinic Journal of Medicine 2005;72(5):447-54.

Siu SC, Ko TC, Wong KW, Chan WN. Effectiveness of non-mydriatic retinal photography and direct
ophthalmoscopy in detecting diabetic retinopathy. Hong Kong Medical Journal 1998;4(4):367-370.

Soto-Pedre E, Hernaez-Ortega MC. Screening coverage for diabetic retinopathy using a three-field digital
non-mydriatic fundus camera. Primary Care Diabetes 2008;2(3):141-6.

Taylor CR, Merin LM, Salunga AM, Hepworth JT, Crutcher TD, O'Day DM, et al. Improving diabetic
retinopathy screening ratios using telemedicine-based digital retinal imaging technology: the Vine Hill study.
Diabetes Care 2007;30(3):574-8.

Taylor DJ, Fisher J, Jacob J, Tooke JE. The use of digital cameras in a mobile retinal screening
environment. Diabetic Medicine 1999;16(8):680-6.

Taylor HR, National Indigenous Eye Health Survey Team. National Indigenous Eye Health Survey.
Melbourne: The University of Melbourne, 2009.

Taylor R, Lovelock L, Tunbridge WM, Alberti KG, Brackenridge RG, Stephenson P, et al. Comparison of
non-mydriatic retinal photography with ophthalmoscopy in 2159 patients: mobile retinal camera study. British
Medical Journal (Clin. Res. Ed.) 1990;301(6763):1243-7.

Taylor R. Practical community screening for diabetic retinopathy using the mobile retinal camera: report of a
12 centre study. British Diabetic Association Mobile Retinal Screening Group. Diabetic Medicine
1996;13(11):946-52.

Verma L, Prakash G, Tewari HK, Gupta SK, Murthy GV, Sharma N. Screening for diabetic retinopathy by
non-ophthalmologists: an effective public health tool. Acta Ophthalmologica Scandinavica 2003;81(4):373-7.

Vijan S, Hofer TP, Hayward RA. Cost-utility analysis of screening intervals for diabetic retinopathy in patients
with type 2 diabetes mellitus. JAMA 2000;283(7):889-96.

132



Bibliography

Whiting P, Rutjes AW, Reitsma JB, Bossuyt PM, Kleijnen J. The development of QUADAS: a tool for the
quality assessment of studies of diagnostic accuracy included in systematic reviews. BMC Medical
Research Methodology 2003;3:25.

WHO. Prevention of blindness from diabetes mellitus: Report of a WHO consultation in Geneva,
Switzerland, 9-11 November 2005. World Health Organization 2006:1-39.

Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of diabetes: estimates for the year 2000
and projections for 2030. Diabetes Care 2004;27(5):1047-53.

Williams R, Airey M, Baxter H, Forrester J, Kennedy-Martin T, Girach A. Epidemiology of diabetic
retinopathy and macular oedema: a systematic review. Eye 2004;18(10):963-83.

Younis N, Broadbent DM, Vora JP, Harding SP. Incidence of sight-threatening retinopathy in patients with
type 2 diabetes in the Liverpool Diabetic Eye Study: a cohort study. Lancet 2003;361(9353):195-200.

133



Contact

Professor Hugh R. Taylor AC,
Indigenous Eye Health Unit,

Melbourne School of Population Health,
The University of Melbourne,

Level 5, 207 Bouverie St,

Carlton, Victoria 3053

Australia

Website: www.iehu.unimelb.edu.au

Professor Russell Gruen MBBS PhD FRACS,

National Trauma Research Institute
Level 4, 89 Commercial Rd
Melbourne Victoria 3004

Australia

Website: www.ntri.com.au

Authorised by the Harold Mitchell Chair of Indigenous Eye
Health, Melbourne School of Population Health.

Copyright
© Copyright University of Melbourne 2009. Copyright in this

publication is owned by the University and no part of it may be
reproduced without the permission of the University.

CRICOS PROVIDER CODE: 00116K
ISBN 978-0-7340-4154-8

|
JL
The
Global r
Evidence

Mapping

Initiative National Trauma Research Institute

Disclaimer

The University has used its best endeavours to ensure that
material contained in this publication was correct at the time
of printing. The University gives no warranty and accepts no
responsibility for the accuracy or completeness of information
and the University reserves the right to make changes without
notice at any time in its absolute discretion.

Statement on privacy policy

When dealing with personal or health information about
individuals, the University of Melbourne is obliged to comply
with the Information Privacy Act 2000 and the Health Records
Act 2001.

For further information refer to:
www.unimelb.edu.au/unisec/privacypolicy.htm

Intellectual Property

For further information refer to:
www.unimelb.edu.au/Statutes

MONASH University




	Executive Summary
	Introduction
	Methods
	Results
	Appendices
	Bibliography


 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Create a new document
     Trim: fix size 8.465 x 11.890 inches / 215.0 x 302.0 mm
     Shift: none
     Normalise (advanced option): 'improved'
      

        
     32
            
       D:20100401144350
       856.0630
       215 x 302 mm
       Blank
       609.4488
          

     Tall
     1
     1
     Full
     1080
     504
    
     None
     Up
     0.0000
     0.0000
            
                
         Both
         AllDoc
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1a
     Quite Imposing Plus 2
     1
      

        
     10
     9
     10
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Create a new document
     Trim: fix size 8.465 x 11.890 inches / 215.0 x 302.0 mm
     Shift: none
     Normalise (advanced option): 'improved'
      

        
     32
            
       D:20100401144350
       856.0630
       215 x 302 mm
       Blank
       609.4488
          

     Tall
     1
     1
     Full
     1080
     504
    
     None
     Up
     0.0000
     0.0000
            
                
         Both
         AllDoc
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1a
     Quite Imposing Plus 2
     1
      

        
     140
     139
     140
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Create a new document
     Trim: fix size 8.465 x 11.890 inches / 215.0 x 302.0 mm
     Shift: none
     Normalise (advanced option): 'improved'
      

        
     32
            
       D:20100401144350
       856.0630
       215 x 302 mm
       Blank
       609.4488
          

     Tall
     1
     1
     Full
     1080
     504
    
     None
     Up
     0.0000
     0.0000
            
                
         Both
         AllDoc
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1a
     Quite Imposing Plus 2
     1
      

        
     2
     1
     2
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Create a new document
     Trim: fix size 8.465 x 11.890 inches / 215.0 x 302.0 mm
     Shift: none
     Normalise (advanced option): 'improved'
      

        
     32
            
       D:20100401144350
       856.0630
       215 x 302 mm
       Blank
       609.4488
          

     Tall
     1
     1
     Full
     1080
     504
    
     None
     Up
     0.0000
     0.0000
            
                
         Both
         AllDoc
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1a
     Quite Imposing Plus 2
     1
      

        
     140
     139
     140
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Create a new document
     Trim: fix size 8.465 x 11.890 inches / 215.0 x 302.0 mm
     Shift: none
     Normalise (advanced option): 'improved'
      

        
     32
            
       D:20100401144350
       856.0630
       215 x 302 mm
       Blank
       609.4488
          

     Tall
     1
     1
     Full
     1080
     504
    
     None
     Up
     0.0000
     0.0000
            
                
         Both
         AllDoc
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1a
     Quite Imposing Plus 2
     1
      

        
     7
     6
     7
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Create a new document
     Trim: fix size 8.465 x 11.890 inches / 215.0 x 302.0 mm
     Shift: none
     Normalise (advanced option): 'improved'
      

        
     32
            
       D:20100401144350
       856.0630
       215 x 302 mm
       Blank
       609.4488
          

     Tall
     1
     1
     Full
     1080
     504
    
     None
     Up
     0.0000
     0.0000
            
                
         Both
         AllDoc
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1a
     Quite Imposing Plus 2
     1
      

        
     140
     139
     140
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Create a new document
     Trim: fix size 8.465 x 11.890 inches / 215.0 x 302.0 mm
     Shift: none
     Normalise (advanced option): 'improved'
      

        
     32
            
       D:20100401144350
       856.0630
       215 x 302 mm
       Blank
       609.4488
          

     Tall
     1
     1
     Full
     1080
     504
    
     None
     Up
     0.0000
     0.0000
            
                
         Both
         AllDoc
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1a
     Quite Imposing Plus 2
     1
      

        
     1
     0
     1
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Create a new document
     Trim: fix size 8.465 x 11.890 inches / 215.0 x 302.0 mm
     Shift: none
     Normalise (advanced option): 'improved'
      

        
     32
            
       D:20100401144350
       856.0630
       215 x 302 mm
       Blank
       609.4488
          

     Tall
     1
     1
     Full
     1080
     504
    
     None
     Up
     0.0000
     0.0000
            
                
         Both
         AllDoc
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1a
     Quite Imposing Plus 2
     1
      

        
     140
     139
     140
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Create a new document
     Trim: fix size 8.465 x 11.890 inches / 215.0 x 302.0 mm
     Shift: none
     Normalise (advanced option): 'improved'
      

        
     32
            
       D:20100401144350
       856.0630
       215 x 302 mm
       Blank
       609.4488
          

     Tall
     1
     1
     Full
     1080
     504
    
     None
     Up
     0.0000
     0.0000
            
                
         Both
         AllDoc
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1a
     Quite Imposing Plus 2
     1
      

        
     11
     10
     11
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Create a new document
     Trim: fix size 8.465 x 11.890 inches / 215.0 x 302.0 mm
     Shift: none
     Normalise (advanced option): 'improved'
      

        
     32
            
       D:20100401144350
       856.0630
       215 x 302 mm
       Blank
       609.4488
          

     Tall
     1
     1
     Full
     1080
     504
    
     None
     Up
     0.0000
     0.0000
            
                
         Both
         AllDoc
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1a
     Quite Imposing Plus 2
     1
      

        
     140
     139
     140
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Create a new document
     Trim: fix size 8.465 x 11.890 inches / 215.0 x 302.0 mm
     Shift: none
     Normalise (advanced option): 'improved'
      

        
     32
            
       D:20100401144350
       856.0630
       215 x 302 mm
       Blank
       609.4488
          

     Tall
     1
     1
     Full
     1080
     504
    
     None
     Up
     0.0000
     0.0000
            
                
         Both
         AllDoc
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1a
     Quite Imposing Plus 2
     1
      

        
     11
     10
     11
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Create a new document
     Trim: fix size 8.465 x 11.890 inches / 215.0 x 302.0 mm
     Shift: none
     Normalise (advanced option): 'improved'
      

        
     32
            
       D:20100401144350
       856.0630
       215 x 302 mm
       Blank
       609.4488
          

     Tall
     1
     1
     Full
     1080
     504
    
     None
     Up
     0.0000
     0.0000
            
                
         Both
         AllDoc
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1a
     Quite Imposing Plus 2
     1
      

        
     140
     139
     140
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Create a new document
     Trim: fix size 8.465 x 11.890 inches / 215.0 x 302.0 mm
     Shift: none
     Normalise (advanced option): 'improved'
      

        
     32
            
       D:20100401144350
       856.0630
       215 x 302 mm
       Blank
       609.4488
          

     Tall
     1
     1
     Full
     1080
     504
    
     None
     Up
     0.0000
     0.0000
            
                
         Both
         AllDoc
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1a
     Quite Imposing Plus 2
     1
      

        
     10
     9
     10
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Create a new document
     Trim: fix size 8.465 x 11.890 inches / 215.0 x 302.0 mm
     Shift: none
     Normalise (advanced option): 'improved'
      

        
     32
            
       D:20100401144350
       856.0630
       215 x 302 mm
       Blank
       609.4488
          

     Tall
     1
     1
     Full
     1080
     504
    
     None
     Up
     0.0000
     0.0000
            
                
         Both
         AllDoc
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1a
     Quite Imposing Plus 2
     1
      

        
     140
     139
     140
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Create a new document
     Trim: fix size 8.465 x 11.890 inches / 215.0 x 302.0 mm
     Shift: none
     Normalise (advanced option): 'improved'
      

        
     32
            
       D:20100401144350
       856.0630
       215 x 302 mm
       Blank
       609.4488
          

     Tall
     1
     1
     Full
     1080
     504
    
     None
     Up
     0.0000
     0.0000
            
                
         Both
         AllDoc
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1a
     Quite Imposing Plus 2
     1
      

        
     140
     139
     140
      

   1
  

 HistoryList_V1
 qi2base



