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INTRODUCTION

Undetected and untreated Diabetic Retinopathy (DR) is one of 

the leading causes of blindness amongst the working-age population 

in the UK [1]. Diabetes damages the micro-vascular structure in the 

retina causing ischemia and leakage [2]. Th e degree of vessel damage 

correlates with the progression of clinical features and advancement 

of retinopathy stages. Improvement of diabetic and blood pressure 

control has been shown to delay or prevent the progression of DR and 

intravitreal treatment/laser treatment in the more advanced phase. 

However, laser, though eff ective for stabilizing the progression of DR 

does not usually restore visual loss [3,4].

Early manifestations of DR can be located in the central as well 

as the peripheral retina and oft en does not impact upon vision 

until it reaches the more advanced stages; therefore routine retinal 

examinations are important for prompt diagnosis and treatment. 

Th e National Diabetic Eye Screening Program (NDESP) in England 

provides systematic digital retinal camera screening of all patients 

who have diabetes for the presence of DR, with an aim to reduce the 

risk to vision of Sight Th reatening Diabetic Retinopathy (STDR) and 

minimize subsequent visual loss. Two-fi eld of view (2-FOV) digital 

retinal photography one macula and one disc centered is the accepted 

method of systematic screening for DR in the English DR screening 

program. Th is approach has shown to be able to meet the established 

and widely accepted standards outlined for an eff ective screening 

program by the NDESP and achieve a high level of sensitivity (80%) 

and specifi city (90%). However it has been argued that only one 

retinal image centered on the fovea is necessary for eff ective screening 

[5,6]. Whilst this approach may prove cost and time eff ective, with 

the added benefi t of reduced server storage space requirements, it 

is likely that more images will identify more diabetic retinopathy 

lesions. Th us using one image centered on the macula in isolation will 

only cover a minority of the retina (> 15% of the total retina). Equally 

seven fi eld photography as practiced in the Early Treatment Diabetic 

Retinopathy Study (EDTRS) protocols and used for research is not 

feasible for annual screening purposes due to poor acceptability to 

patients, time and cost. Th e purpose of this audit was to investigate 

the results of capturing 2 retinal views (one centered on the macula 

and one centered on the optic disc, see fi gure 1 compared to the 

retinal fi ndings from a single macula centered image, to assess the 

impact to screening of the additional image in terms of level of DR 

and clinical outcome.

PARTICIPANTS AND METHODS

Th e screening method employed in the English NDESP is digital 

retinal photography through dilated pupils of two 45 degree fi elds 

of each eye, one fovea centered and the other optic disc centered. 

A robust quality assurance system is in place whereby all abnormal 

photographs are re-assessed and reviewed by an ophthalmologist if 

referable retinopathy is identifi ed (Table 1). For the purpose of this 

audit, we retrospectively selected patients with diagnosed referable 

diabetic retinopathy (PDR/R3, and moderate to severe NPDR/

R2 levels). All patients were screened and images were assessed 

between 2011 - 2013 using 2 - FOV digital retinal photography in the 

Birmingham, Solihull and Black Country (BSBC) DESP. A selection 

of 500 patients with moderate/severe pre-proliferative retinopathy 

(R2/NPDR) from a total population of 3,324 and 500 patients with 

proliferative DR (R3/PDR) from a total population of 2,417 (Figure 

2) were chosen at random. All image sets were re-assessed according 

to our local DR disease level criteria (see table 1) using only the 

macula centered view (1-FOV). A retinopathy level and outcome was 

assigned according to the national protocols (R0, R1, R2 or R3), which 

determined the clinical outcome as annual screen, routine or urgent 

referral to the ophthalmology clinic, respectively. Th e retinopathy 

level from the patient’s screening episode with 2-FOV photography 

was accepted as the true screening outcome following the robust 

grading protocol of the BSBC programme defi ned by the NDESP. 

All images were assessed by experienced, trained and accredited 

retinal grading staff . In order to reduce biasing of assigning a level 

of DR with the macula image alone, images were masked to previous 

grading level and double assessed (by MS and HF) and disagreements 

in level were arbitrarily assessed by a further masked senior staff  at 

our centre (12% of cases). Comparison was then made with the result 

of one fi eld to two fi eld retinal photography in diff erence in DR level 

and clinical outcome. Th e outcomes did not include maculopathy 

level particularly relevant to refl ection and artefact or assessability 

(whether two images improve gradability and allow for subsequent 

safe assessment).

 ABSTRACT

 Aim: To compare one Field Of View (1 - FOV) and two Field Of View (2 - FOV) photography for diabetic retinopathy detection by 
assessing and comparing disease level and outcome.

Methods: A retrospective audit of a random sample of 500 patients with known proliferative diabetic retinopathy (PDR or R3), and 
500 non-proliferative diabetic retinopathy (NPDR or R2). Images were re-assessed according to the English program criteria for DR levels 
using 1-FOV.

Results: Using 1-FOV; in 387 (77.6%) of the 500 PDR patients, the DR level was agreed and referred urgently into the eye clinic. In 
the remaining 112 (22.4%) DR levels were downgraded.

Using 1-FOV; in 297 (59.4%) of the 500 NPDR patients the retinopathy level was agreed and referred routinely into the eye clinic. 
The remaining 203 (40.6%) were downgraded. Of these patients, 115 (56.6%) would have been routinely referred into the eye clinic due 
to the presence of surrogate markers for macula edema only and 88 (43.4%) to annual screening.

 Conclusion: Using 2-FOV photography allows for an increased view of the peripheral retina and identifi cation of advanced DR. 
In contrast, 1-FOV did not show PDR (R3) in 1 in 5 cases and NPDR (R2) in 2 in 5 as both DR levels assigned and of concern clinical 
outcomes were altered. Therefore 1 - FOV is not identifying serious DR levels in a number of cases with potential adverse signifi cance to 
clinical ocular outcomes. This audit supports that 2-FOV is superior in accuracy of identifi cation of levels of diabetic retinopathy compared 
to 1-FOV.
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Table 1: (Below) shows the two levels of non- referable DR (R0 and R1), non- referable Maculopathy (M0), referable DR (R2 and R3) and referable Maculopathy 
(M1) with associated features and clinical outcome.

Referable Pathology Level of DR Features (s) Outcome

No DR (Diabetic
Retinopathy) R0 No features of DR Annual rescreen

Background DR (BDR) R1 Microaneurysm, haemorrhages Annual rescreen

Moderate to severe pre-proliferative 
DR (NPDR) R2 IRMA*, Multiple Blot Haems,

5+ CWS*, loops Routine referral into HES*

Proliferative DR (PDR) R3 Neovascularisation  of the disc or elsewhere, Fibrosis, Retinal 
detachment, Pre-retinal haem, Vitreous haem Urgent referral into HES*

No Maculopathy M0 No presence of any exudates If there is no other referable 
retinopathy then annual rescreen

Maculopathy** M1

Any exudate within 1DD of the fovea.
A group of exudates withinv

2DD of the fovea
Microaneurysm and/or haemorrhage’s within 1DD and a VA of 

6/12 or worse

Routine referral into HES*

*IRMA: Intra-Retinal Micro vascular Abnormalities; CWS: Cotton Wool Spots; HES: Hospital Eye Service; DR: Diabetic Retinopathy. **Defi nition for maculopathy 
has been updated

Figure 1: A: a macula centered image. B: A disc centered image, both taken at a 45 degree fi eld of view.

Figure 2: Shows the total number of patients screened and graded using 2-FOV grading with PDR (R3) or moderate/severe NPDR (R2). A total of 500 patients 
were randomly selected from each group.
*QA: Quality Assurance, DR: Diabetic Retinopathy, FOV: Field of View



International Journal of Ophthalmology & Vision Research

SCIRES Literature - Volume 1 Issue 1 - www.scireslit.com Page -004

RESULTS

Proliferative diabetic retinopathy (PDR or R3)

When assessing images using the macula centered view only (1 

- FOV); 387 (77.6%) of the 500 patients with defi nite proliferative 

retinopathy on 2 fi eld retinal images were confi rmed and would 

therefore have been referred urgently for ophthalmological clinical 

assessment correctly. Th e remaining 112 (22.4%) were downgraded to 

moderate/severe pre-proliferative DR (NPDR or R2) or background 

DR (BDR or R1). Of these; the clinical outcome would be altered to 96 

(85.7%) with routine referral for ophthalmology clinical assessment 

and of major concern 17 (14.3%) kept on annual screening (Figure 3).

Pre-proliferative retinopathy (R2 or NPDR)

Of the 500 patients with pre-proliferative DR (R2 or NPDR), on 

1-FOV, the retinal level was agreed in 297 patients (59.4%) and would 

have been referred routinely for ophthalmology clinical assessment 

correctly. Th e remaining 204 (40.6%) were downgraded to background 

DR (R1 or BDR). Th e clinical outcome was therefore consequently 

changed, with 88 patient’s (43.4%) continuing annual screening 

rather than referral for ophthalmology assessment. However in the 

remaining 115 (56.6%) referable Maculopathy (M1) was identifi ed 

thereby resulting in a routine referral for ophthalmology assessment 

anyway. Th us the clinical outcome was downgraded in smaller 

numbers in this group in 88 patients (43.4%) owing to coexisting 

referable Maculopathy (M1).

DISCUSSION 

In this audit groups of patients who were known to have PDR 

(R3) or severe moderate pre-proliferative (R2/NPDR) DR, using 

2-FOV photography, all of whom required a referral into the eye 

clinic, either urgently or routinely were assessed for DR disease 

levels using the single macula centered photograph. Based on the 

fi ndings of this large audit there is a clear critical advantage of an 

additional image, demonstrating that 1-FOV DR levels compared 

with 2-FOV resulted in 1 in 5 PDR (R3) and 2 in 5 severe/moderate 

pre-proliferative (R2) cases being downgraded with altered clinical 

outcomes. Th is illustrates that 1-FOV grading maybe an inadequate 

tool for DRS, particularly in patients with high risk retinopathy status. 

Th erefore 2-FOV digital retinal photography allows for an increased 

view of the peripheral retina and a more accurate identifi cation of 

proliferative DR (PDR or R3) and moderate/severe pre-proliferative 

changes (NPDR or R2). Th e value of multiple FOV photography 

is further supported by several earlier studies [7-9]. Kuo, et al. [7] 

concluded that single fi eld photography is inadequate for Diabetic 

Retinal Screening (DRS) whilst Vujosevic, et al. [9] found that 1-FOV 

grading gave a sensitivity value of 71% which is considered too low for 

an eff ective screening program and failed to meet Exeter standards. 

Comparing our results with other reports that have asked similar 

questions is challenging because it is apparent there are many 

variations in criteria for DR levels, smaller sample sizes, methods 

and reference parameters that are used. Th is may contribute to the 

confl icting results where studies have shown that 1-FOV is inadequate 

[7,9]; others demonstrate its adequacy for screening [10-12] and have 

affi  rmed there is no statistically signifi cant diff erence between 1 - 

FOV and multiple view photography [10,11], thereby implying that 

multiple FOVs may be a waste of valuable time and NHS resources. 

Th is audit has not answered the issue of whether more images than 

2 would be more eff ective or clinically worthwhile to the screening 

outcome. One study suggested that the use of 3-FOV does not improve 

the sensitivity or specifi city for the detection of any retinopathy or 

of referable retinopathy [12]. Th e introduction of Ultra-Wide Field 

(UWF) technology for DRS is becoming an area of increased research. 

Th ere are published studies that state that larger coverage of the 

retina can lead to detection of more DR lesions outside the standard 

7-fi elds and this infl uences DR severity levels and subsequent clinical 

outcomes [13,14]. UWF imaging has technical limitations and it is 

not an approved method for DRS. However it does help illustrate the 

advantage of capturing 2 x 45 degrees image of the retina and the 

potential of improving the detection of DR identifi cation that would 

otherwise be overlooked in 1 x 45 degree image and in turn improve 

patient outcomes as more of the peripheral retina is visible. Our audit 

did not determine the cost eff ectiveness of each method of screening. 

It is likely however that there will be additional benefi t to capturing 

2 images that are not recorded in this audit with regards to macula 

glare and artifact, other lesions in the peripheral nasal fi eld as well as 

assess ability in groups of patients who present with lens opacities. A 

limitation with this investigation is that those involved in the audit 

were aware that all image sets would be of patients who had signs of 

referable DR (R2 and R3) using 2-FOV photography but the actual 

(2 FOV) DR levels were masked. Th ere could have been a bias to be 

reluctant to downgrade image sets but the observed diff erence is large 

and this limitation would work to minimize diff erence.

CONCLUSION

We conclude from our large audit results that the use of both 

macular and disc centre images at a 45 degree fi eld represents the 

better screening strategy as it provides a more accurate identifi cation 

of referable DR than 1 - FOV photography and that this has a 

signifi cant impact on clinical outcomes. Th us a 2 - FOV digital 

retinal imaging protocol should be considered for new DR screening 

programs.

Previously presented at EASDec (European Association for the 

Study of Diabetic eye complications) conference held in Padova, Italy 

May 15-17, 2014.
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