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Purpose: To report the results of a scheme sharing follow-up glaucoma consultations 
between community optometrists and secondary care in a hospital ophthalmic clinic.
Patients and Methods: Optometrists measured intraocular pressure (IOP) with Goldmann 
Tonometry, graded the optic disc with the Disc Damage Likelihood Score (DDLS) and 
graded visual field tests with the enhanced Glaucoma Staging Score (eGSS). A scoring 
system from these tests was applied, and patients were either seen routinely 6 months later 
within the scheme or returned non-routinely to secondary care. Appointments within the 
scheme were 6-monthly with the pattern of three community optometrist visits then one 
hospital clinic visit.
Results: Community optometrists conducted 529 appointments for 285 patients. A total of 
114 patients were seen after non-routine return to secondary care, with 61 true positives 
(53.5%) and 53 false positives (46.5%). Forty-one patients (14.4%) developed glaucoma 
progression, and 18 patients (6.3%) developed new non-glaucomatous ophthalmic diseases. 
Fifty-two patients were seen at 2 years after the routine return to secondary care, and three 
had glaucoma progression, with scheme specificity of 94.2%. The overall false-positive 
returns to secondary care from eGSS alone was 7.4%, and from the DDLS was 0.01%.
Conclusion: The DDLS and eGSS performed well for this population and would be 
recommended for use in shared care schemes, and the scoring scheme fulfilled its clinical 
and clerical purposes. Secondary care appointments are recommended in shared care 
schemes to manage the expected comorbidities and glaucoma progression, and prevent 
sight loss from false negatives.
Keywords: collaborative care, optometry, optometrist, primary care

Introduction
The World Glaucoma Association describes glaucoma as a group of eye diseases 
that cause progressive damage to the optic nerve at the point where it leaves the 
eye.1 Glaucoma is the second most common cause of blindness worldwide, causing 
blindness in an estimated 6.9 million persons globally.2 Most types of glaucoma are 
chronic conditions requiring long term or lifelong follow-up. This means that 
considerable healthcare resources are required to manage glaucoma, and this has 
been shown to be difficult in both developed and developing countries alike. The 
2015 annual report from Blind Low Vision New Zealand identified glaucoma as 
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the second most common cause of blindness and low 
vision in New Zealanders over 65, affecting 91,000 New 
Zealanders.3 The Eye Health Workforce Service Review in 
New Zealand 2010 identified both a shortage of ophthal-
mologists and training places for ophthalmologists to meet 
the required capacity for ophthalmic care, which was 
estimated to double over the following 10 years.4 It recom-
mended optometrists, eye health nurse specialists and gen-
eral practitioners could help increase the capacity of eye 
care services.

Shared care between ophthalmologists and other eye 
care professionals has become an established model for 
glaucoma follow-up and monitoring: in 2006 a national 
survey in England identified 66 schemes operating in 62 
departments.5 No established best practice model has been 
identified, due to variations in types of glaucoma in local 
populations, availability of differing eye care profes-
sionals, local funding mechanisms, geographical con-
straints, and clinical requirements, for example, between 
initial and follow-up assessments. There is also no stan-
dardisation of the clinical dataset required for glaucoma 
monitoring. The World Glaucoma Association Consensus 
Series 8 publication on the Progression of Glaucoma 
recommends evaluation of both structure and function of 
the optic nerve for detection of glaucomatous progression, 
with no specific test regarded as the perfect reference 
standard.6

Hawke’s Bay is a New Zealand province with 
a population of 166,368 in the 2018 census.7 An audit of 
glaucoma patients attending clinic for follow-up appoint-
ments at Hawke’s Bay Hospital in 2017 found that patients 
who had a planned 3, 6 and 12-month follow-up period 
were getting appointments at an average of 10, 14 and 38 
months respectively. This was after the introduction of an 
in-house nurse-led glaucoma clinic in 2013, which had 
reached full capacity. The local ophthalmologists had no 
spare clinical capacity for extra appointments and also 
identified having no spare clerical capacity to assess and 
make clinical decisions from reports on patient encounters 
from a shared care glaucoma scheme. The hospital eye 
clinic also had no spare infrastructure capacity to support 
the required increase in clinical activity levels. In Hawke’s 
Bay community optometry practices are numerous and are 
geographically well distributed, have existing infrastruc-
ture in place and are staffed with highly qualified optome-
trists. After discussion with local optometrists, it was 
agreed that a shared care system had the potential to 
increase publicly funded glaucoma care capacity without 

requiring an increase in infrastructure. A review of the 
equipment across the optometric practices identified that 
six different types of visual field machines were in use in 
Hawke’s Bay.

Intraocular pressure (IOP) remains the only modifi-
able risk factor for glaucoma progression.8 Several land-
mark trials have identified key IOP levels. In ocular 
hypertension IOP over 28 mmHg has a greater risk of 
optic nerve damage developing, and treated IOP below 24 
mmHg reduces that risk.9 In primary open-angle glau-
coma, IOP at or below 18 mmHg is associated with 
a lower risk of progression,10 and an IOP decrease of 
30% from baseline is recommended in treating normal- 
tension glaucoma.11 With Goldmann tonometry inter- 
observer error of 2 mmHg being expected12 and diurnal 
fluctuations of 2–6 mmHg being normal,13 a difference in 
measurement of 8 mmHg between visits is within the 
expected range. There can also be differences in measure-
ments expected with different tonometry devices, with 
Goldmann tonometry being the least variable commonly 
available device.12

The Disc Damage Likelihood Scale (DDLS) was intro-
duced by Spaeth et al in 2002 as a method of quantifying 
clinical optic disc examination in glaucoma.14 It grades 
glaucomatous optic disc changes on a scale from 1 to 10 
and takes optic disc size into account. It has good inter- 
and intra-observer variability,15 good accuracy for glauco-
matous progression,16 is low cost and requires no special 
equipment.

The Enhanced Glaucoma Staging System (eGSS) was 
published in 2006 and uses the main visual field global 
parameters of mean deviation and corrected pattern stan-
dard deviation or loss variance to plot visual field test 
result onto a graph with 7 stages representing visual field 
advancement.17 It can be applied to visual field tests from 
all machines which report these visual field parameters and 
produces an event-based classification that can be easily 
applied and interpreted.

It was decided to introduce a shared care glaucoma 
scheme with patients being seen by optometrists in the 
community, with the aims of providing capacity to follow 
every patient with glaucoma in Hawke’s Bay on time, 
avoid untreated glaucoma progression leading to signifi-
cant loss of sight, provide standardised glaucoma assess-
ment across all participating caregivers, allow any 
community optometrist to participate, and the outcomes 
of each appointment were identified by the optometrist 
without ophthalmologist review or input.
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Patients and Methods
To enrol glaucoma patients follow-up appointments were 
identified using the hospital clerical recall system, and 
their notes reviewed. Patients were included if they had 
no change to their IOP lowering treatment in the previous 
6 months, their DDLS in both eyes was 6 or less, they 
could reliably perform visual fields and did not have 
a non-glaucomatous scotoma. Patients were excluded if 
they required ongoing ophthalmic monitoring or treatment 
for any non-glaucomatous disease.

Optometrists would see patients every 6 months for 
three visits, and the fourth appointment would be at the 
hospital outpatient department 2 years after enrolment into 
the shared care scheme. Gonioscopy would not be required 
of the community optometrists, and patients were included 
if gonioscopy was not required in the next 2 years. This 
was defined as if, at the patient’s last gonioscopy, the 
narrowest angle quadrant was Schaffer grade 4 or open 
40 degrees then gonioscopy would need to be repeated 
within 4 years, and Shaffer grade 3 or open 30 degrees 
then repeat gonioscopy was required within 3 years. It was 
also considered safe for the patient to be enrolled if they 
were pseudophakic or patent peripheral iridotomies were 
present.

The appointments were co-ordinated by the hospital 
administration team, with patients informed by letter of 
the scheme and being asked to choose from the list of 
participating optometrists. A fee of $130 New Zealand 
dollars was agreed for the optometrist to provide each 
appointment, including the visual field test. The optome-
trist was sent a report from the hospital with the patient’s 
demographics, ophthalmic diagnoses, current treatments, 
known adverse reactions, and last recorded visual acuity, 
IOP, DDLS and eGSS.

Optometrist orientation to the scheme and explanation 
of the eGSS was performed in two group sessions. To 
assess the application of the DDLS, each optometrist 
examined a reference set of 20 stereo optic disc photo-
graphs providing a disc drawing and DDLS of each. These 
were then graded by the local glaucoma specialist ophthal-
mologist and the optometrists’ results compared for accep-
table agreement using Cohen’s Kappa, similar to the 
assessment of graders for the World Health Organisation 
simplified trachoma grading system.

Optometrists recorded the patient’s Goldmann IOP, 
DDLS and eGSS from each eye at each visit. The outcome 
of the visit would be either a routine review within the 

scheme in 6 months or non-routine referral back to the 
hospital, either due to a new ophthalmic condition being 
identified or worsening of the glaucoma testing. To provide 
autonomous decision-making for the optometrists a scoring 
system was devised for the glaucoma tests based on the 
clinical risk of changes in tests. Table 1 shows the scoring 
system. If the patient was referred back to the hospital early 
due to glaucomatous changes then possible delay before 
being seen at the hospital was anticipated, and an additional 
topical IOP lowering medication was added after the com-
munity optometrist visit. A protocol of IOP lowering eye-
drops prescribing was in a pre-written letter which was sent 
to the patient’s GP requesting the next appropriate drop be 
added to the patient’s prescription.

Statistics were performed using Wizard Statistics and 
Analysis version 1.9.44 (https://www.wizardmac.com).

This audit is exempt from ethical committee review 
and approval according to Standard Operating Procedures 
for Health and Disability Ethics Committees New Zealand 
section 3 paragraph 30.18 This audit does comply with the 
Code of Health and Disability Services Consumers’ Rights 
199619 and the tenets of the Declaration of Helsinki.

Results
Twenty-three optometrists enrolled to participate. Using 
Cohen’s Kappa statistic 20 had substantial inter-rater relia-
bility level of agreement (0.61–0.80) with DDLS grading 
pictures, and 3 achieved this after short further training on 
the application of the DDLS to their own disc drawings.

Table 1 Shared Care Scheme Scoring System from Glaucoma 
Follow-Up Appointment

Test Finding Points

IOP Same as last hospital visit ± 2mmHg 0

IOP 3–7mmHg greater than prior hospital 

visit

1

IOP Crossing Target IOP when previously 

under

1

IOP 8mmHg greater than prior hospital visit 3
Disc examination New optic disc haemorrhage 1

Disc examination DDLS increase of 1 1
Disc examination DDLS increase of 2 3

Visual fields eGSS grade increase of 1 3

Notes: A score of 3 or more for one eye resulted in a non-routine referral to 
secondary care, and below 3 the patient remained in the scheme for a routine 
follow-up. Target IOP for untreated ocular hypertension was 28mmHg, treated 
ocular hypertension was 24mmHg, primary open-angle glaucoma, pseudoexfolia-
tion, and pigment dispersion 18mmHg, and normal-tension glaucoma was14mmHg. 
Abbreviations: IOP, intraocular pressure; DDLS, Disc Damage Likelihood Scale; 
eGSS, enhanced Glaucoma Staging Score.
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The first appointment at a community optometrist was 
in June 2017 and results were collected in March 2020. 
The number of patients enrolled was 301. The age range 
was 41–95 (mean 74).

The total number of community optometrist appoint-
ments attended was 529. Patients did not attend 18 appoint-
ments, with 16 of these being first appointments, 2 
being second appointments, and none third appointments. 
During the data collection period, 9 patients (3.0%) died 
and 4 patients (1.3%) moved out of the area. One patient 
returned to the hospital for follow-up due to no participating 
optometrist being closer to their rural address.

From 285 first appointments attended 202 patients (70.9%) 
were booked for routine community optometrist follow-up and 
83 (29.1%) were referred non-routinely back to the hospital. 
The outcomes of 148 second appointments were 112 patients 
(75.7%) were booked for routine community optometrist fol-
low-up and 36 (24.3%) were referred non-routinely back to the 
hospital. The outcomes of 86 third appointments were 81 
patients (94.2%) booked for routine follow-up and 5 (5.8%) 
were referred non-routinely back to the hospital.

Fifty-two patients were seen at the hospital clinic fol-
lowing routine return to the clinic 2 years after enrolment 
into the scheme. Forty-nine (94.2%) of those patients were 
not found to have glaucoma progression or IOP increase 
requiring treatment, with 3 (5.8%) of those patients being 
listed for cataract surgery. Three patients had additional 
IOP lowering eyedrops added to their regime, two for 
raised IOP without an optic disc or visual field change, 
and one patient had DDLS and eGSS progression.

Table 2 shows the reasons for 124 non-routine referrals 
back to the hospital clinic. Six of these patients either died 

or moved out of the area, and four had not been seen at the 
time of data collection. One hundred and fourteen were 
reviewed and there were 61 true positives (53.5%), and 53 
false positives (46.5%).

Out of 61 confirmed true positive non-routine returns 
to the hospital clinic 38 (62.3%) were due to uncontrolled 
IOP or glaucoma progression, 19 (31.1%) were due to the 
development of non-glaucomatous ophthalmic conditions, 
and 4 (6.6%) were unable to complete the required testing 
reliably. From the 285 first community optometrist 
appointments, 27 cases (9.5%) of confirmed uncontrolled 
glaucoma or increased IOP were identified, and of 
148 second community optometrist appointments 11 
cases (7.4%) of confirmed uncontrolled glaucoma or 
increased IOP were identified.

Out of 83 non-routine referrals from first community 
optometrist appointments, 43 (51.8%) were true positives, 
32 (38.6%) false positives, and 8 (9.6%) either died, 
moved away or were not seen. From 36 non-routine refer-
rals after second community optometrist appointments, 16 
(44.4%) were true positives, 19 (52.8%) false positives, 
and 1 (2.8%) was not seen, and for third community 
optometrist appointments, there were 5 total non-routine 
referrals with 2 true positives, 2 false positives and 1 not 
seen. A Pearson correlation test shows a positive correla-
tion (p=0.040) between total non-routine referrals and true 
positive rates for first, second and third community opto-
metrist appointments.

Discussion
The primary aim of this scheme was to create capacity for 
appointments for glaucoma patients. Twenty-three opto-
metrists volunteered for the scheme. They conducted 529 
appointments over a 34-month period averaging one 
appointment every 1.5 months per optometrist. As such, 
there is the capacity to increase the number of patients in 
the scheme without overwhelming individual optometry 
practices. All second and third appointments with commu-
nity optometrists were available within the planned 
6-month follow-up period.

Another outcome aim was for community optometrists 
to be able to work independently of secondary care. The 
report from each eye was in the form of three numbers 
(IOP, DDLS and eGSS). These event-based numerical data 
enabled a relatively simple scoring scheme to be used, and 
simplified communication between primary and secondary 
care. A Pearson correlation test found a positive correla-
tion between non-routine referral rates from first, second 

Table 2 The Reasons for Non-Routine Referrals to Secondary 
Care from Community Optometrist Visits and the Outcomes

Reason for 
Referral

Total True 
Positives

False 
Positives

Not 
Seen

DDLS 5 2 2 1

eGSS 60 18 39 3

IOP 15 13 1 1
eGSS and optic 

disc

9 6 2 1

eGSS and IOP 10 4 5 1
eGSS, optic disc 

and IOP

1 0 1 0

Non-glaucoma 24 18 3 3

Abbreviations: IOP, intraocular pressure; DDLS, Disc Damage Likelihood Scale; 
eGSS, enhanced Glaucoma Staging Score.
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and third community appointments suggesting first 
appointments did not produce extra non-routine referrals 
due to a learning curve being needed for the optometrists 
to use the referral criteria.

Forty-one patients developed confirmed glaucoma pro-
gression or required increased IOP lowering therapy giv-
ing a glaucoma progression rate of 14.4% in this 
population during this period. This is in line with figures 
published in other populations.20 There were also 18 
patients (6.3%) who developed new non-glaucomatous 
ophthalmic diseases requiring management at the hospital 
ophthalmology clinic, giving a combined 20.7% rate of 
development of confirmed ophthalmic disease requiring 
secondary care management. The inclusion criteria for 
this scheme were designed to include glaucoma cases 
deemed at low risk for either progression of glaucoma or 
significant sight loss during the 2-year period. Alterations 
to the inclusion criteria would alter the expected rates of 
new problems developing. Gonioscopy was excluded from 
the scheme as a source of referral back to the hospital 
clinic. These figures show that disease progression can be 
expected at high rates in glaucoma follow-up patients and 
shared care schemes should include secondary care 
reviews to manage the expected co-morbidities and glau-
coma progression, perform other examinations such as 
gonioscopy at appropriate intervals, and prevent signifi-
cant sight loss from false negatives within a follow-up 
system.

A shared care scheme would ideally have a low false- 
positive return rate and good specificity. Fifty-three false- 
positive appointments were generated for the hospital 
clinic (10.0%). Fifty-two patients were seen after routine 
return to the hospital clinic at 2 years, with three patients 
being found to have glaucoma progression, yielding 
a specificity of 94.2%. This progression could have devel-
oped between their third community optometrist appoint-
ment and return to the hospital clinic (which in most cases 
was more than 6 months between appointments) and so the 
overall scheme specificity could be higher. With high 
specificity and acceptable sensitivities, the scoring scheme 
performed satisfactorily and adjustments are not planned 
for the continuation of the scheme.

The use of the DDLS as a method to monitor the 
glaucomatous optic disc was very successful. The enrolled 
optometrists were all postgraduate and already experi-
enced with optic disc examination. Training on the 
DDLS was quick and all optometrists who applied were 
included in the scheme. The optometrists were supplied 

with the patients’ DDLS from the latest hospital assess-
ment, with only increases of 2 on the DDLS scale referred 
back to the hospital non-routinely. From a total of 529 
community optometrist appointments there were 5 non- 
routine referrals to the hospital from DDLS changes 
alone, and out of 4 seen two were false positives 
(0.01%). Using optometrists to examine the optic disc to 
determine the DDLS meant that no costs related to disc 
imaging were incurred, and 6.3% of patients had their non- 
glaucomatous pathology identified and referred to the hos-
pital ophthalmic clinic appropriately. Feedback from the 
optometrists was a request for available optic disc stereo 
photographs for practice, and this has been developed and 
published as a website at www.glaucoma4k.org.

Visual fields are a complex and subjective test, and 
there is an expected rate of short- and long-term fluctua-
tion in results from real-world data. Trend-based analysis 
is not readily available when comparing results from dif-
ferent machines. There are also logistical problems with 
visual field databases co-ordinating across multiple sites 
leading to problems with test results being available at 
different appointments. The eGSS mitigates these factors 
by using an event-based scale with seven steps using 
global visual field parameters. Only increases in eGSS 
were returned to the hospital, any patients whose eGSS 
decreased compared to their hospital visual field were kept 
within the scheme for follow-up routinely. Patients per-
formed visual field testing once only per community opto-
metrist appointment, with no re-testing for changes in the 
eGSS score. There were 39 (7.4%) false-positive non- 
routine returns to the hospital clinic generated from 
changes in the eGSS alone. This is similar to measured 
fluctuation levels in the eGSS predecessor, the Glaucoma 
Staging System, published in 1998.21 There were also 18 
patients (3.4%) with eGSS progression which was con-
firmed on re-testing with the hospital’s visual field 
machine. Of patients seen routinely at 2 years, one out of 
52 patients showed eGSS progression along with DDLS 
progression. These figures give a sensitivity (defined as 
not producing false-positive returns to the hospital clinic) 
of 92.6% and a specificity of 98.1% for the performance of 
the eGSS in these circumstances. Overall the eGSS per-
formed well. It produced measurable results which inte-
grated well between primary and secondary care across six 
different types of visual field machine with good sensitiv-
ity and specificity, and its use for shared care schemes can 
be recommended.
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Several investigations have quantified the clinical 
examination, test interpretation and the clinical decision- 
making of optometrists versus ophthalmologists in glau-
coma care.22–27 Substantial agreement between ophthal-
mologists and optometrists on management decisions has 
been demonstrated in many of these,22–27 with higher 
levels of training being linked with higher agreement 
between care providers.25 The results from this scheme 
align with these findings of good agreement between the 
optometrists’ clinical examination findings and decisions 
to return patients non-routinely to the hospital, and the 
ophthalmologists’ decisions when these patients were 
seen.

The scheme was introduced in response to an audit 
which found that glaucoma follow-up appointments were 
delayed compared to the planned follow-up period. 
Patients enrolled in the study were from this population, 
so when attending their first community optometrist 
appointment were at a larger than planned gap from their 
last hospital clinic assessment. This could increase the 
amount of new glaucoma and non-glaucoma problems 
identified at first appointments in the scheme. It would 
be helpful to include greater numbers of patients seen 
routinely after return to hospital clinics; however, in 
March 2020, most routine hospital ophthalmic outpatient 
activity was suspended due to the COVID-19 global pan-
demic, with fewer appointments being conducted over the 
following months and further delays to routine appoint-
ments caused by this. The performance of different visual 
field machines in the scheme was not assessed, but the 
overall numbers from each optometric practice are unli-
kely to provide the statistical power for this. Another 
drawback is that patients within the scheme perform visual 
field testing on the hospital machine only once every 2 
years, making trend-based analysis of this testing less 
accurate due to fewer tests being performed less 
frequently.

Conclusion
The results from this shared care glaucoma scheme sup-
port the Disc Damage Likelihood Scale being recom-
mended for optic disc examination reporting in shared 
care between primary and secondary care.

The Enhanced Glaucoma Staging Score can be recom-
mended for visual field monitoring in shared care.

A shared care scheme should expect glaucoma progres-
sion and the development of new ophthalmic diseases in 

patients with previously stable glaucoma, and have provi-
sion for managing these.
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