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Abstract

Purpose Demands on publicly funded

ophthalmic services worldwide continue to

increase with new treatments, waiting time

targets, working time limits, and restricted

budgets. These highlight the necessity to

develop innovative ways of utilising existing

capacity more effectively.

Method A new regional, fully electronic

ophthalmic-referral service with digital

imaging was trialled using existing

information-technology (IT) infrastructure.

Following successful pilot study, the service

was rolled out regionally. Service delivery

data was prospectively collated for all the

attendances in the year prior to (2006) and

the year following (2008) introduction.

Results Comparing 2006 against 2008,

median waiting times reduced (14 vs 4

weeks), and fewer new patients were

observed (8714 vs 7462 Po0.0001), with 1359

referrals receiving electronic diagnosis

(e-diagnosis). New patient did not arrive (635

vs 503 Po0.0001) and emergencies also

reduced (2671 v 1984 Po0.0001).

Discussion Novel use of existing IT

infrastructure improves communication

between primary and secondary care. This

promotes more effective use of limited

outpatient capacity by retaining patients with

non-progressive, asymptomatic pathology in

the community, whilst fast-tracking patients

with sight-threatening disease. Resultant

significant, sustained improvements

in regional service delivery point to a

simple model that could easily be adopted

by other providers of universal healthcare

globally.
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Introduction

Globally and publicly funded health-care

systems are challenged by long waits from the

referral.1 Predictably, evidence shows that

shorter waits have population-wide benefits,2

including in ophthalmology.3 The UK

Department of Health recently introduced short

waiting-time guidelines for outpatient

appointments.4 Similar targets have been set by

universal health-care providers worldwide.5

These changes have implications for hospital

eye services (HES), whose outpatients constitute

10% of all the general hospital outpatients.6

Pressure on outpatient services have escalated

due to increasing patient numbers, educational

restructuring, working-time directives, and

fiscal constraints.7 Together, these highlight the

need to use existing resources more effectively.

This study describes changes to a regional

ophthalmic service with six consultants serving

a population of 400 000 in Fife, Scotland. The
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region includes three ophthalmic-hospital sites,

50 optometry practices, and 250 general practitioners

(GPs). We follow the establishment of a centralised

ophthalmic electronic referral unit (COERU), which uses

digital images for clinical decision making.

In 2005, the maximum outpatient wait from the referral

was 38 weeks, placing Fife in fifth position across the

fourteen Scottish health boards. An internal audit of 400

new glaucoma patients showed that patients risked sight

loss due to delayed appointments.8 The audit also

highlighted significant inefficiencies in the referral

pathway contributing to delay.

At this time, 490% of patients followed the traditional

referral pathway involving community optometry

examination of patients with a report posted to the GP.

The GP then married the patient’s medical history to the

optometry report and posted the complete referral to one

of the three hospitals. The referrals arrived at the general

medical-records departments to be sent on to the

ophthalmology department. Referrals were then

arbitrarily divided into six piles, awaiting consultant

vetting during their weekly visits to each hospital.

Further delays ensued due to consultant leave, absence of

GP or optometry information, and inter-consultant

referral. (Figure 1) The audit also identified that many

patients were returned to the community after a single

outpatient visit with advice and no active treatment.

These practices pointed to the need for improved

communication between primary and secondary care to

enable improved patient journeys.

Materials and methods

Pilot study

Following the audit findings, a suggestion was made to

enhance the speed and accuracy of communication

between primary and secondary care, thereby reducing

the paper trail by using electronic referral with digital

images. This was piloted by extending existing encrypted

NHS email access to three optometric practices (July

2005–January 2007). Consecutive electronic referrals (346)

were studied with attached JPEG formatted digital

images when relevant. GPs forwarded patients’ medical
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Figure 1 Illustrates differences between the original paper-based referral pathway in 2006, which had a lengthy paper trail, referral
delay, and considerable cross referral as patients were arbitrarily allocated to consultants by untrained medical records staff. The new
pathway shows the improved electronic referral system with reduction in the number of steps required for final outcome, and
illustrates the two way nature of communication between primary and secondary care.
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histories simultaneously using an existing secure Scottish

wide (IT link, SciGateway (Scottish clinical information

gateway)).

The pilot study showed that electronic referral was

feasible, fast, and obviated the need for outpatient

appointment in 128 (37%) patients. The 128 cases

included dry age-related macular degeneration (ARMD)

(35, 27%), non visually threatening retinal lesions

(30,23%), corneal and conjunctival abnormalities (14,

11%), and glaucoma suspects (12, 9%). Thirty-one (8.9%)

of the original cohort of 346 patients were deemed to

require an urgent appointment, and these were patients

with wet ARMD, advanced glaucoma, papilloedema,

and retinal vascular pathology. To establish clinical

safety, all patients were examined in hospital within

6 weeks by two ophthalmologists. Clinical agreement

with electronic diagnosis was achieved in 124 cases

(97%). There were, however, four cases of disagreement

between clinical and e-diagnosis that highlighted the

inadequacies of depth and field in digital images.

Referral protocols have since been adjusted accordingly.

Importantly, there was a high patient satisfaction (97%)

with the new system.9

Centralised ophthalmic electronic referral unit (COERU)

The compelling pilot data catalysed roll out of the pilot to

the entire region. In May 2007, electronic referral was

rolled out regionally, following several training sessions

for GPs and optometrists. A new electronic referral form

was designed incorporating more clearly defined clinical

and diagnostic criteria, with particular attention paid to

cataract, ARMD, and glaucoma. Previous HES

attendance details were also incorporated, as the pilot

had shown that 16% of patients had attended the HES

within 3 years of current referral. Referrals were accepted

at a single site with specialist nurse vetting and

appointments within 48 h.

The British Medical Association confirmed that NHS

mail had approved for transfer of confidential patient

information, and the General Medical Council and

Medical Protection Society confirmed that additional

security or indemnity arrangements were unnecessary.

Figure 2 shows fundus examples of patients that were

electronically referred and diagnosed.

Results

Following the introduction of COERU, waiting times

reduced from a median of 14–4 weeks (Table 1). The

introduction of electronic referral did not significantly

increase referral rate (8707 vs 8821). Significantly fewer

new patients were observed in 2008 (7462 vs 8714). There

were fewer casualities (1984 vs 2671) and ‘did not arrive’

(DNA) patients (503 vs 635) in 2008. Collectively, the

department saw 1359 less new, 687 less unscheduled and

saved, 132 new DNA appointments saving 2178 new

appointments in 2008. New appointments in Scotland

during this period cost d110,10 and hence this represented

a simple estimated saving of d239 580 per annum for new

appointments. Additionally, Fife has a geographically

widespread population, and other savings may have

accrued from reduced transport expenses for patients

and the NHS. An example is that the average cost of

hospital transport was d30 per visit in Fife.

Approximately 20% of patients required hospital

transport. The amount calculated to be saved is d13 068

(435� d30) in transport for new appointments. Other

financial benefits would also accrue from reduced

unnecessary appointments including reduction of lost

economic productivity of patients who are employed

although these were not looked into in this study.

Financial benefit from reduced new appointments may

have been offset by 2489 more followup appointments

during this period (cost d90),10 mainly from the newly set

up macular degeneration treatment clinics costing a total

of d224 010.

In order to address clinical safety issues that may arise

from the new referral pathway, a monthly clinical

governance meeting was set up to discuss adverse

events, near misses, and misdiagnoses. Information was

dispersed to GPs and optometrists in COERU support

meetings. To assist the clinical governance meetings, a

database was set up with clinical audit trail for

18 months of all patients given e-diagnosis and not

physically seen in hospital. Of the 1359 patients not seen

following electronic referral between May 2008 and April

2009, 12 patients attended before April 2011. Reasons

included specific patient request (four cases), duplicate

GP referral (five cases), and clerical error (three cases).

The departmental complaint rate has reduced from 7.5 to

3.5 per annum with none related to COERU. There have

been no reported adverse events. COERU continues to

run with over 5 years experience and 50 000 referrals

with all trends above sustained. Through auditing, we

found that medical and nursing time allocation’s

workload has altered following commencement of

COERU (Table 2). Very few referrals were rejected as a

consequence of poor quality of image, and when this

occurred the most common reason was treatable cataract,

which required referral, as systems set in place were

similar to those for the diabetic retinopathy screening

programme.

Discussion

Previous work has independently shown the benefits of

electronic referral in reducing outpatient workload,11
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reducing waiting times,12 and matching of diagnostic

accuracy.13 We believe our service is the first to

completely incorporate electronic referral with digital

images into a regional ophthalmic service with long-term

service delivery results.

Improving two-way communication through novel use

of currently available secure IT technology between

hospital and community practice, dramatically reduced

steps in the referral pathway with shorter waiting times.

Improved clinical information enabled more appropriate

use of hospital resources. As noted in other reports,

shortened outpatient waits indirectly resulted in fewer

DNAs14,15 and emergencies, as we found in our study.16

We believe this to be an indirect result of short waiting

times, more appropriate allocation of patient’s first

hospital visit to specialist clinic and identification of

asymptomatic, non-sight threatening pathology that is

retained in the community.

Key lessons included careful piloting and auditing of

every step with active stakeholder involvement from the

Table 1 Changes in waiting times, referral rate, new followup casualty, and ‘did not attend ’ (DNA) new patients over corresponding
periods in the year prior to inception (2006/7) and in the year after the centralised ophthalmic electronic referral unit (2008/9)

2006/07
(May–April)

2008/09
(May–April)

Two sample
t-test

Percentage
difference

2008/09 cf 2006/07

Rate per 1000
population
2006/07

Rate per 1000
population 2008/9

New patients referred 8707 8821 P¼ 0.3839 1.3% 21.8 22.1
New patients seen 8714 7462 Po0.0001 � 14.4% 21.8 18.7
Followup patients seen 11 390 13 879 Po0.0001 21.9% 28.5 34.7
Casualty patients seen 2671 1984 Po0.0001 � 25.7% 6.7 5.0
New patients DNAs 635 503 Po0.0001 � 20.8% 1.6 1.3
Median waiting time 14 (0–32) weeks 4 (0–12) weeks

Figure 2 Examples of patients that were electronically referred and diagnosed. The first was a case of pediatric papilloedema that
was transferred from an outlying region to a central pediatric unit within 2 h of community examination and electronic referral (upper
two fundus photographs). The second was a case of longstanding myopic degeneration in an asymptomatic patient that did not
require hospital examination and was discharged to community followup (lower two fundus photographs).
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beginning. Shortcutting these steps have resulted in

failure of other ophthalmology electronic referral

systems.17 A significant difference between Scotland and

the rest of the United Kingdoms is the higher community

remuneration for sight tests. We and other groups have

shown the service benefits from this.18

Encrypted mail is freely available across the NHS in

the United Kingdoms. Similar encrypted email

technology can easily and cheaply be adapted for the

purpose of using secured hypertext transport protocols

(HTTPs) to encrypt information as has already been used

internationally for telemedicine.19,20 Pockets of electronic

referral already exist within ophthalmology globally.21,22

Furthermore, electronic referral has been shown to have

lower startup costs than conventional services.23 This

may hold even greater benefit for developing countries

and regions with geographically dispersed populations.

Across Fife, we have found benefits to be profound.

Fife now has the shortest outpatient waits of any

ophthalmology region in Scotland, and has the shortest

wait for hospital appointments for wet macular-

degeneration patients amongst 40 European centres.24

Our findings are highly relevant as the impact of

improved electronic communication between primary

and secondary ophthalmic care is likely to increase

further in the near future, following the Scottish

government passing a d6.6 million business case to

connect all community optometrists to hospital

ophthalmology departments in 2010. The platform will

use a ‘virtual private network’ (VPN) that connects to a

server and will provide secure, remote access to

community optometrists. Twelve of the fourteen Scottish

healthboards have already agreed to connect to the

network at present. The results of these changes will be

available in the near future, and may have implications

for other UK regions as well as international providers of

ophthalmic healthcare.

In summary, we show that ophthalmic service redesign

based around a core of structured, centralised electronic

referral with increased clinical information, has the

potential to improve the use of existing capacity with

resultant beneficial effects on waiting times, reductions in

DNA rate, and emergency attendances.

Summary

What was known before
K The benefits of non-consultant vetting, triaging with

images, and electronic referral have all been shown
separately in reported literature.

What this study adds

K Long-term data showing the centralisation of referral with
the use of electronic referral having digital imaging
reduces new outpatient appointments and waiting time
by making better use of the existing capacity.

K There is an additional benefit gained by reduction in
DNA and emergency appointments.
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