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closure: do we need to redefine the clinical pathways?
Panayiota Founti ]]]1,2✉, Akshay Narayan1, Aneela Raja1, Neil Nathwani1, Sergio Bordajandi Tur1, Rachel Thomas1, Andrew Scott1, 
Alessandra Martins1,3 and Winifred Nolan1,4

© The Author(s), under exclusive licence to The Royal College of Ophthalmologists 2023

BACKGROUND/OBJECTIVES: To investigate outcomes of referrals for suspected angle closure and explore whether anterior 
segment optical coherence tomography (AS-OCT) can be used to tighten triaging criteria in a glaucoma virtual clinic.
SUBJECTS/METHODS: Retrospectively collected data. The first audit (04/2018-03/2019) identified referrals for suspected angle 
closure without other glaucoma-related findings (primary angle closure suspect (PACS) referrals). All patients underwent 
gonioscopy. The second audit (04-08/2019) identified patients with suspected angle closure in a virtual clinic. Management 
outcomes were assessed, using gonioscopy as reference standard. The outcomes of the second audit were re-audited after 
changing the triaging criterion from angle width <10° to iridotrabecular contact (ITC) in ≥1 quadrants on AS-OCT.
RESULTS: Out of 1754 glaucoma referrals (first audit), 24.6% (431/1754) were PACS referrals. Of these, only 10.7% (42/393) had an 
occludable angle on gonioscopy, with 97.6% (41/42) being PACS. Of these, 78% (32/41) underwent laser peripheral iridotomy. Out 
of 137 referrals in the virtual clinic (second audit), 66.4% (91/137) were triaged to the face-to-face clinic. Of these, 31.9% (29/91) 
were discharged. AS-OCT had positive and negative predictive value of 74.3% (95% confidence intervals (CI) 57.8–86.0) and 82.1% 
(95% CI 70.0–90.2%), respectively, in detecting ITC in ≥1 quadrants. In the re-audit 45.9% (45/98) of those with suspected angle 
closure were triaged for gonioscopy, with 24.4% (11/45) of them being discharged.
CONCLUSION: PACS referrals represent a substantial burden to hospital-based services and their accuracy is low. ITC in ≥1 
quadrants on AS-OCT can be useful in triaging those who need further evaluation with gonioscopy.
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INTRODUCTION
The guidance for the management of angle closure by the UK 
National Institute for Health and Care Excellence is to “Refer to an 
ophthalmologist anyone with suspected intermittent angle closure 
or chronic angle closure glaucoma (or its precursors — primary 
angle closure suspect [PACS], or chronic primary angle closure 
[PAC])” [1]. The same guidance states that treatment options for 
the management of PACS, PAC and chronic primary angle closure 
glaucoma (PACG) are similar to the definitive treatment of acute 
angle closure, in most cases a laser peripheral iridotomy (LPI) [1]. 
Recently, two landmark trials have redefined interventions for 
angle closure [2, 3]. The effectiveness of early lens extraction for 
the treatment of angle closure (EAGLE) has provided evidence 
that clear-lens extraction has greater efficacy and is more cost- 
effective than LPI in those with established angle closure disease 
(intraocular pressure ≥30 mmHg or PACG) [2]. The Zhongshan 
angle closure prevention (ZAP) trial has shown that prophylactic 
LPI is of modest benefit in PACS and, therefore, does not support 
its widespread practice in these individuals [3].

In light of the EAGLE and the ZAP trial data, the clinical 
pathway for angle closure needs to be revisited [4], including 
virtual clinics, which have become increasingly popular to address 

capacity problems of hospital-based glaucoma care [5]. This is 
important to reduce variation, improve quality of care, and 
optimise clinical outcomes [6]. It is also necessary for optimal 
allocation of healthcare resources, which has become an even 
greater priority since the outbreak of the COVID-19 pandemic [7].

To this purpose, there are key questions to be asked: what is 
the burden of PACS referrals on glaucoma services? Considering 
the ZAP data [3], how many of these patients need monitoring in 
a hospital setting or treatment? What is the most efficient setting 
for examining newly referred patients? Can anterior segment 
optical coherence tomography (AS-OCT) [8] be used to identify 
those who would benefit from gonioscopy? The aim of the 
present report is to provide some insight into the above 
questions, by looking into everyday clinical data from a tertiary 
glaucoma specialist practice.

MATERIALS AND METHODS
All data were retrospectively collected in the context of two clinical audits 
conducted in the Glaucoma Service at Moorfields Eye Hospital, National 
Health Service (NHS) Foundation Trust, London, United Kingdom (UK) 
(Fig. 1). The study methodology for each audit was approved by the Audit 
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Department of Moorfields Eye Hospital (project numbers: 628 and 370) 
and all methods adhered to the tenets of the Declaration of Helsinki.

First audit (project 628)
The audit was conducted at Moorfields Eye Hospital at Bedford and 
covered a one-year period (April 2018 to March 2019). As part of routine 
clinical care, all newly referred patients during that time had a 
comprehensive ophthalmic examination, including gonioscopy, at the 
consultant-led face-to-face glaucoma clinic based on the same clinical 
protocol (Supplementary Table 1). In the face-to-face clinic patients are 
examined by various clinicians with different levels of experience, under 
the supervision of Glaucoma Specialists. All data were collected on 
Medisoft (Medisoft Limited, Leeds, UK).

The objective was to investigate outcomes of “PACS referrals”, defined 
as glaucoma referrals for suspected angle closure without elevated IOP or 
glaucomatous-like optic discs or abnormal visual fields [4]. All glaucoma 
referrals within the above time frame were scrutinised to identify patients 
≥18 years of age who met the above referring criteria. Synonym terms for 
suspected angle closure were searched for in the referral letters: “narrow 
angles”, “narrow anterior drainage angle on Van Herick testing” [9], 
“narrow/shallow Van Herick”, “narrow/shallow anterior chamber”, “risk of 
acute angle closure”. Patients with a previous diagnosis of glaucoma or 
angle closure, or a previous visit to a glaucoma clinic were excluded from 
the audit.

Data were collected from Medisoft (automatically or manually 
extracted, where appropriate): demographics, data from the referral letter 
(including the grading of the Van Herick test by the referring optician), 
data from the face-to-face examination. An angle was defined as 
“occludable” if graded 0 on Medisoft (Shaffer grading system [10]), if 
there was mentioning of ≥180 degrees of iridotrabecular contact (ITC) [11] 
or if the term “occludable angle” had been recorded in the medical record.

The Positive predictive value (PPV) of PACS referrals was calculated 
using gonioscopy as the reference standard: PPVPACS = number of 
patients with an occludable angle in at least one eye on gonioscopy / 
all PACS referrals.

Second audit (project 370)
The audit was conducted at Moorfields Eye Hospital at Cayton Street 
(technician-led glaucoma virtual clinic) and covered a five-month period 
(April to August 2019). As part of routine clinical care, all newly referred 
patients at the time had a comprehensive ophthalmic examination, 
including AS-OCT (Cirrus HD-OCT, Carl Zeiss Meditec, Dublin, CA, USA) [8], 
at the glaucoma virtual clinic based on the same technician-led protocol 
(Supplementary Table 2). AS-OCT was performed in the dark, with the 
patient in the sitting position. Using the single-scan-mode protocol, 
images were captured from the temporal and nasal angles quadrants (9 
o’clock and 3 o’clock meridians). Scans were not obtained from the 
superior and inferior quadrants (12 o’clock and 6 o’clock meridians), due 
to the difficulty in obtaining good quality images. All data were collected 
on Openeyes (Apperta Foundation CIC, Sunderland, UK) and on Forum 
(Carl Zeiss Meditec, Dublin, CA, USA). Medical records were reviewed 
remotely by one of several consultant ophthalmologists from the 
Glaucoma Service, who decided on discharge or further evaluation in 
the consultant-led face-to-face glaucoma clinic. An iridocorneal angle 
<20o on AS-OCT was the triaging criterion for further evaluation 
with gonioscopy. Based on preliminary data from the audit, several 
patients attending the face-to-face clinic were being subsequently 
discharged. To address capacity issues, in June 2019 this criterion was 

tightened to <10°. These cut-offs are in accordance with the original 
description for an occludable angle by Becker and Shaffer, who proposed 
that angle closure is ‘probable’ with anterior chamber width of 20° and 
‘possible’ with anterior chamber width of 10° [12].

The objective was to investigate (a) outcomes of newly referred 
patients in the virtual clinic and were found to have suspected angle 
closure, regardless of the initial reason for their referral, (b) whether 
imaging with AS-OCT can be used to tighten the triaging criteria for 
further evaluation in the face-to-face clinic. A triaging optometrist (N.N) 
used the Cito electronic health record software to identify patients 
meeting the above criteria. Consultant ophthalmologists were also asked 
to identify eligible patients for the audit during the routine review process 
of the virtual clinic. Data were collected from Openeyes (automatically or 
manually extracted, where appropriate): demographics, data from the 
referral letter, data from the virtual clinic, data from the face-to-face Clinic. 
ITC on AS-OCT was defined as any contact between the peripheral iris and 
the angle wall anterior to the scleral spur [13].

The PPV and negative predictive value (NPV) of AS-OCT in capturing the 
presence of ITC in ≥1 quadrants were calculated using gonioscopy as the 
reference standard: 

● PPVASOCT = number of true positives / (number of true positives +  
number of false positives).

● NPVASOCT = number of true negatives / (number of true negatives +  
number of false negatives).

The cut-off of ITC in ≥1 quadrants was used to minimise variability in 
the assessment of the anterior chamber (binary question: ITC vs no ITC). It 
also represents a low threshold for ‘flagging up’ patients with possible 
angle closure. The definitive diagnosis of angle closure relied on the 
assessment of the whole iridocorneal angle with gonioscopy.

Approximately one year later the outcomes of the second audit were 
re-audited (July to November 2020). The triaging criterion from the virtual 
to the face-to-face clinic was changed from an iridocorneal angle of <10° 
to ITC in ≥1 quadrants on AS-OCT.

For both audits, proportions are presented with corresponding 95% 
confidence intervals (CI).

RESULTS
First audit (project 628)
From April 2018 to March 2019, Moorfields Eye Hospital at 
Bedford received 1754 glaucoma referrals. Of these, 431 (24.6%, 
95% CI 22.6%–26.6%) were PACS referrals initiated by community 
optometrists. According to the referral letters, 0.5% (2/431, 
0.01%–1.79%) were for Van Herick grade 0, 82.8% (357/431, 
80.0%–86.1%) for Van Herick grade 1, 4.9% (21/431, 3.17%–7.37%) 
for Van Herick grade 2 and 11.8% (51/431, 9.10%–15.2%) for 
“narrow anterior chamber angles” without reference to a 
grading score.

Out of the 431 PACS referrals, 38 patients did not attend their 
appointment, whereas 393 had a full glaucoma assessment with 
gonioscopy in the glaucoma face-to-face clinic. Patients’ demo
graphics and clinical characteristics are presented in Table 1. The 
mean age ± standard deviation (SD) was 61.2+/− 13.5 years; 
70.7% were females and 25.2% reported a family history of 
glaucoma.

Fig. 1 Clinical audits on the outcomes of glaucoma referrals with suspected angle closure (Glaucoma Service, Moorfields Eye Hospital, 
London, UK). The first audit (Moorfields Eye Hospital at Bedford) included all patients referred for suspected angle closure in the absence of 
other glaucoma-related findings. All patients were examined in the glaucoma face-to-face clinic with gonioscopy. The second audit (Moorfields 
Eye Hospital at Cayton Street) included newly referred patients who attended the virtual clinic within the above time frame and were suspected 
to have occludable angles, regardless of the initial reason for their referral. ZAP Zhongshan Angle Closure Prevention (ZAP) trial.
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The PPV of PACS referrals was 10.7% (42/393, 8.0%–14.2%). Out 
of those with an occludable angle on gonioscopy, 97.6% (41/42, 
86.6%–99.9%) were PACS. The following diagnostic outcomes 
were recorded: 85% (334/393, 81.1%–88.2%) no glaucoma-related 
pathology, 10.5% (41/393, 7.76%–13.9%) PACS, 0.3% (1/393, 
0.01%–1.58%) PAC and no PACG. Also, 4.1% (16/393, 
2.47%–6.56%) were found to have suspicious discs and 0.3% (1/ 
393, 0.01%–1.58%) had ocular hypertension (IOP > 22 mmHg 
without other glaucoma related findings).

Out of the 393 patients who attended their appointments, 
48.6% (191/393, 43.7%–53.5%) were discharged at first visit, 
29.3% (115/393, 25.0%–34.0%) were kept under monitoring 
without treatment and 22.1% (87/393, 18.3–26.5%) had an 
intervention, either LPI or phacoemulsification. Out of the 41 
PACS, 78% (32/41, 63.1%–88.2%) had LPI, 12.2% (5/41, 4.86% - 
26.0%) had phacoemulsification and 9.8% (4/41, 3.30% - 23.1%) 
were kept under monitoring.

Second audit (project 370)
From April to August 2019, 2132 newly referred patients attended 
the glaucoma virtual clinic. The triaging process identified 137 
patients with suspected angle closure. Of these, 75.9% (104/137, 
68.1%–82.3%) had been referred by the optician and 24.1% (32/ 
137, 17.7%–31.9%) were internal referrals. Patients’ demographics 
are presented in Table 1. The mean age ± SD was 57.99 ± 12.0 
years; 71.5% were females and 14.6% reported a family history of 
glaucoma. Following the assessment in the virtual clinic, 33.6% 
(46/137, 26.2%–41.9%) were discharged and 66.4% (91/137, 
58.2%–73.8%) were triaged for further assessment with gonio
scopy in the face-to-face clinic.

Out of the 91 patients who had the face-to-face consultation, 
31.9% (29/91, 23.2%–42.0%) were discharged, 34.1% (31/91, 
25.1%–44.3%) were kept under monitoring and 34.1% (31/91, 
25.1%–44.3%) were treated. Overall, 52% (13/25, 33.5%–70%) of 
PACS had LPI. Out of the 91 patients in the face-to-face clinic, 

38.5% (35/91, 29.1%–48.7%) had ITC in ≥1 quadrants on 
gonioscopy. AS-OCT had a PPV of 74.3% (26/35, 57.8%–86.0%) 
and a NPV of 82.1% (46/56, 70.0%–90.2%) in detecting ITC in ≥1 
quadrants. Out of the 36 patients who had ITC in ≥1 quadrants on 
AS-OCT, 72.2% (26/36, 55.9%–84.3%) had an intervention. 
Conversely, out of the 101 patients who did not have ITC on 
AS-OCT, only 5% (5/101, 1.9%–11.4%) had an intervention 
(Table 2).

From July to November 2020, 671 newly referred patients 
attended the glaucoma virtual clinic. The triaging process 
identified 98 patients with suspected angle closure for the re- 
audit. Management outcomes are presented in Table 3. With the 
change in the triaging criterion from <10° to ITC in ≥1 quadrants 
on AS-OCT, 54.1% (53/98, 44.3%–63.6%) were discharged back to 
the optician and 45.9% (45/98, 36.4%–55.8%) were triaged for 
further assessment in the face-to-face clinic. Among those who 
attended the face-to-face clinic, 24.4% (11/45, 14.1%–38.8%) were 
subsequently discharged to the care of their optician.

DISCUSSION
We have audited clinical data from two settings of the same 
tertiary glaucoma referral centre in the UK, to explore the 
outcomes of newly referred patients with suspected angle 
closure. The audits presented in this report examine different 
aspects of the same clinical pathway. Given the paucity of data on 
the topic, our study adds to the literature. However, the audits 
have different objectives and, therefore, different methodologies. 
For this reason, direct comparisons between the outcomes of 
these audits (e.g. discharge rates at first visit) may not be 
appropriate.

Based on our data, one quarter of all glaucoma referrals within 
a year were for suspected angle closure in the absence of other 
glaucoma-related factors (PACS referrals [4]). There are very 
limited data on the burden of PACS referrals on hospital-based 
services. With the ZAP data having shifted the management of 
PACS away from the widespread use of LPI [3], such knowledge is 
important for service development and resource allocation. In a 
study conducted in Scotland, 4.6% (33/715) of all glaucoma 
referrals within a six-month period were PACS referrals, which is a 
lot lower than what was found it our study [14]. However, 
comparisons with the Scottish data may not be appropriate. 
Unlike the rest of the UK, the Scottish general ophthalmic services 
(GOS) contract reimburses optometrists to conduct supplemen
tary eye examinations [15]. Therefore, an optometrist is likely to 
combine information on other risk factors before deciding on a 
referral [14].

The accuracy of PACS referrals was low, with only 11% of 
patients referred for ‘narrow angles’ found to have occludable 

Table 2. Management outcomes in relation to the presence of 
iridotrabecular contact on anterior segment optical coherence 
tomography (virtual clinic).

ITC in ≥ 
1 quadrants 
AS-OCT n (%)

No ITC on AS- 
OCT n (%)

Discharged from virtual clinic 0 46 (45.5%)

Discharged from face-to-face 
clinic

3 (8.3%) 26 (25.7%)

Monitored 7 (19.5%) 24 (23.8%)

Laser peripheral iridotomy 18 (50%) 4 (4%)

Phacoemulsification 8 (22.2%) 1 (1%)

Total 36 101

AS-OCT anterior segment optical coherence tomography, ITC iridotrabecular 
contact.

Table 1. Patients’ demographics and clinical characteristics.

First Audit 
(N = 393)

Second Audit 
(N = 137)

Age (years, mean ± SD) 61.2 ± 13.5 57.99 ± 12.02

Female sex, n (%) 278 (70.7%) 98 (71.5%)

Ethnicity,a n (%)

White 12 (3%) 74 (54%)

African/Afro Caribbean 6 (1.5%) 10 (7.3%)

Asian 29 (7.4%) 19 (13.9%)

Mixed/other 7 (1.8%) 29 (21.2%)

Not stated 108 (27.5%) 5 (3.6%)

Recorded as “British” 
without further details

231 (58.8%) N/A

Family history of 
glaucoma, n (%)

99 (25.2%) 20 (14.6%)

‘Angle closure’ 
symptoms,b n (%)

32 (8.1%) —

Headaches, n (%) 45 (11.5%) —

IOP (higher between two 
eyes) (mmHg, mean ± SD)

14.8 ± 3.5 18.3 ± 4.3

SD standard deviation, IOP intraocular pressure, CCT central corneal 
thickness, C/D cup-to-disc.
aEthnicity data were self-defined and collected from electronic patient 
records: Medisoft in Audit 1 and Openeyes in Audit 2.
bDefined as ache around the eyes, halos or feeling of pressure above the 
eyebrows.
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angles on gonioscopy. Previous studies have reported low or 
moderate accuracy of optometrist-initiated glaucoma referrals in 
the UK [16–24], Sweden [25, 26], and Australia [27]. However, 
these studies focused on the detection of glaucomatous damage. 
To our knowledge, there are no previous studies on the accuracy 
of PACS referrals initiated by community optometrists. PACS 
referrals are based on the recommendation that patients with 
LACD of ≤25% (van Herick Grade 1 or 2) [9] should be referred to 
secondary eyecare services [28, 29]. In a recent Cochrane Review, 
the pooled sensitivity and specificity estimates for LACD ≤ 25% 
were 83% and 88%, respectively [30]. However, these estimates 
are likely to be overestimated due to the high risk of bias in 75% 
of the studies included in the meta-analysis [31]. In addition, at a 
population level the PPV of LACD (the probability of a patient 
having occludable angles, given an LACD of ≤25%) is driven low 
by the low prevalence of angle closure disease. In a study by 
Foster et, LACD ≤ 25% had sensitivity of 99% and specificity of 
66% in detecting occludable angles [32]. Nonetheless, with the 
prevalence of angle closure at 6.8%, the PPV of the 25% cut-off 
was 17%. This is consistent with the 11% PPV of PACS referrals 
found in our study. The study by Foster et al was conducted in an 
Asian population and LACD was assessed by two senior 
Ophthalmologists. In the UK population, known to have lower 
prevalence of angle closure [33] and with LACD assessed by less 
experienced observers, the PPV of the test is expected to be lower 
than 17%, which is exactly what we found. The PPV of the Van 
Herick test can be improved by increasing the pre-test probability 
of angle closure disease. Therefore, the new RCOphth guidance 
advises that patients with suspected angle closure should only be 
referred on the basis of elevated IOP, glaucoma or certain ocular, 
systemic and social risk factors constituting “PACS plus” [4]. Our 
data fully support the new guidance and also suggest that such a 
strategy would be unlikely to put patients at risk of losing vision. 
Out of the 393 PACS referrals who were seen in clinic, there were 
no patients with glaucoma; out of the 42 patients with occludable 
angles on gonioscopy, only one had PAC and all other patients 
were PACS.

The timeframes of the two audits presented in this report 
should be considered in data interpretation (Fig. 1). Until the first 
half of 2019, all glaucoma referrals at Moorfields at Bedford were 
being assessed in the face-to-face clinic, whereas the virtual clinic 
was mainly for monitoring patients who were stable or at low risk 
of vision loss. With AS-OCT having enabled non-invasive high- 
resolution imaging of the anterior chamber angle [8, 13, 34], by 
the end of the same year the virtual clinic was expanded to 
receive all newly referred patients, including those with suspected 
angle closure. This model of care had been previously imple
mented at Cayton Street, which represents the main glaucoma 
virtual clinic at Moorfields Eye Hospital. This also explains the 
difference in the methods between the two audits. The majority 
(78%) of PACS in the first audit and half (52%) of PACS in the 
second audit underwent prophylactic LPI. The first audit covered 
a one-year period just before the publication of the ZAP trial [3], 
whereas the second audit covered a 5-month period just after the 

publication of this landmark study. However, it takes time to 
bridge the gap between a randomized controlled trial and clinical 
practice. Therefore, the management outcomes in these audits 
reflect former everyday clinical practice, with preventive LPI 
routinely performed in PACS [35]. Clinicians would now be less 
likely to perform prophylactic LPI in PACS who do not have 
additional risk factors. This is now recommended practice as set 
out in the recently published Royal College of Ophthalmologists 
(RCOphth) Guidelines on the management of angle closure [4]. 
Similarly, clinicians would be more likely to discharge PACS to 
their optometrists for annual review, rather than to keep them 
under monitoring in the hospital setting. Also, the re-audit of the 
second study covered the months following the first COVID-19 
lockdown, which is likely to have had an impact on the number of 
referrals due to optometry practice closure.

Although glaucoma virtual clinics are growing in numbers 
[5, 36], there are no standardised criteria for further assessment in 
a face-to-face setting. Based on angle width criteria [12] on AS- 
OCT (an iridocorneal angle of <20°, later tightened to <10°), 66% 
of patients with suspected angle closure in the virtual clinic 
required further assessment with gonioscopy. Of these, 1/3 had 
an intervention, 1/3 were kept under monitoring and 1/3 were 
discharged. These management outcomes raised the question of 
whether the triaging process could be more efficient. Determin
ing angle width on AS-OCT requires familiarity with the built-in 
software and involves the identification of the scleral spur as a 
reference point, which may not always be easy to discern [37]. For 
the same reason it often relies on the clinician’s impression, rather 
than an actual measurement. Conversely, determining whether 
there is ITC on an AS-OCT image is a binary question and, 
therefore, expected to be less variable. Interestingly, the recently 
published RCOphth guidelines define PACS as the presence of 
ITC, without specifying the number of quadrants [4]. Using 
gonioscopy as the reference standard, AS-OCT had sensitivity of 
74% and specificity of 82% in detecting ITC ≥ 1 quadrants. Clinic- 
based studies have previously reported high sensitivity (98% [13] 
and 84% [38]) and moderate specificity (55% [13] and 58% [38]) of 
AS-OCT in detecting ITC ≥ 1 quadrants, compared with gonio
scopy. Community-based studies have also confirmed that AS- 
OCT identifies more ITC, compared with gonioscopy [39, 40]. The 
reasons behind the diagnostic disagreement between gonio
scopy and AS-OCT have been previously discussed [13, 34]. 
However, direct comparisons with the literature may not be 
appropriate. The above studies were conducted in Asians, with all 
assessments performed by senior clinicians or research-trained 
observers. Our data reflect every day clinical practice, with AS-OCT 
images assessed by various clinicians and with gonioscopy 
performed by various clinicians in the context of busy glaucoma 
clinics.

Given its high sensitivity in detecting ITC [13, 34, 38–40], AS- 
OCT is a suitable modality for the assessment of the anterior 
chamber angle in a glaucoma virtual clinic, because patients with 
occludable angles are unlikely to be missed. This is also supported 
by our findings: 72% of those with ITC in ≥1 quadrants versus 5% 

Table 3. Management outcomes of newly referred patients with suspected angle closure.

First Audit 04/2018 – 03/2019 
(n = 393)

Second Audit 04-08/2019 
(n = 137)

Re-audit (Second Audit) 07-11/ 
2020 N = 98

Outcome n (%)

Discharged from virtual clinic N/A 46 (33.6%) 53 (54.1%)

Discharged from face-to-face clinic 191 (48.6%) 29 (21.2%) 11 (11.2%)

Monitored 115 (29.3%) 31 (22.6%) 19 (19.4%)

Laser iridotomy 55 (13.8%) 22 (16%) 12 (12.2%)

Phacoemulsification 35 (8.8%) 9 (6.6%) 3 (3.1%)

P. Founti et al.   

517

Eye (2024) 38:514 – 519 



of those without ITC on AS-OCT had an intervention. In addition, 
ITC ≥ 1 quadrants on AS-OCT as a triaging criterion seems to be 
more effective in reducing false positives, compared with angle 
width <10°. In the re-audit, by changing the triaging criterion to 
ITC in ≥1 quadrants on AS-OCT, the proportion of patients who 
needed further assessment with gonioscopy was reduced from 
66% to 46% and the proportion of patients who were discharged 
from the face-to-face clinic was reduced from 32% to 24%, 
compared to the initial phase of the audit. These data do not 
suggest that AS-OCT should replace gonioscopy for the detection 
of ITC. Gonioscopy remains the reference standard for confirming 
the presence of ITC and for diagnosing angle closure [4, 41–43]. 
However, it is a clinical skill that requires considerable training 
and experience, it involves contact with the patient’s eye and it is 
subject to variability [13, 34]. Therefore, gonioscopy is not suitable 
for a technician-led glaucoma virtual clinic.

This report presents real world data, reflecting common clinical 
practice. Therefore, our findings are likely to be applicable to 
other settings within similar healthcare systems. Real-world data 
and real-world evidence have become increasingly important in 
health care decisions [44, 45]. However, there are also short
comings related to their use [44], and this is denoted in the 
limitations of this report. Gonioscopy was performed by various 
clinicians with different levels of experience. Although it is 
standard practice to perform gonioscopy in dim light, lighting 
conditions cannot be fully standardized in everyday glaucoma 
clinics. To minimise misclassification bias in the detection of 
occludable angles, medical records were reviewed manually to 
ensure that all details of the gonioscopic assessment are 
captured. Also, those who performed gonioscopy were not 
masked to the optometrist’s referral (first audit) or to the initial 
assessment in the virtual clinic (second audit). On the other hand, 
the low accuracy of PACS referrals found in our study does not 
suggest bias towards a higher detection of occludable angles. In 
addition, we have no information on the training level of each 
referring optometrist, which may have impacted the PPV of the 
Van Herick assessment. However, given that Moorfields at 
Bedford is the only NHS glaucoma service in the region, we are 
likely to have captured most, if not all, glaucoma referrals within 
the given period. Therefore, our data are likely to reflect all levels 
of experience in optometric practice. Conversely, we may have 
missed some patients with suspected angle closure in the second 
audit, because the identification of these referrals was less 
comprehensive. The lack of standardisation in the triaging 
process from the virtual to the face-to-face clinic is another 
limitation. While the clinicians were guided by the AS-OCT criteria, 
the overall decision to refer the patient for further assessment 
may have been affected by other factors. This is an inherent 
limitation of the virtual setting because, to date, there are no 
previously published criteria to guide this process. In addition, we 
do not have gonioscopic data for the patients who were 
discharged directly from the virtual clinic. Also, the two audits 
are from different clinics with possibly different referral patterns 
and populations, so do not necessarily reflect a full audit cycle. 
This may also explain some differences in the demographics and 
clinical characteristics of these patients.

In conclusion, using real world data from a tertiary glaucoma 
specialist practice in the UK, we found that PACS referrals 
represent a substantial burden to hospital eye services and their 
accuracy is low. We also found that PACS referrals mostly 
represent individuals at low risk of vision loss, even if occludable 
angles are confirmed on gonioscopy. Our data also suggest that 
AS-OCT is a useful modality in a glaucoma virtual clinic for the 
triaging of patients who need further assessment with gonio
scopy. Compared to angle width <20° or <10°, the presence of 
ITC ≥ 1 quadrants on AS-OCT appears to be a more effective 
triaging criterion to identify those who need further assessment 
with gonioscopy.

SUMMARY

What was known before 

● Recently, two landmark trials (EAGLE and ZAP) have redefined 
interventions for angle closure.

● Therefore, the relevant clinical pathway needs to be revisited
● There are very limited data on the burden of PACS referrals on 

hospital-based services or on the accuracy of PACS referrals 
initiated by community optometrists

● There are no previously published criteria for further 
assessment from a virtual to a face-to-face setting.

What this study adds 

● Using real world data in the UK, we found that PACS referrals 
represent a substantial burden to hospital eye services and 
their accuracy is low

● We also found that PACS referrals mostly represent indivi
duals at low risk of vision loss, even if occludable angles are 
confirmed on gonioscopy

● Our data also suggest that AS-OCT is a useful modality in a 
glaucoma virtual clinic for the triaging of patients who need 
further assessment with gonioscopy

● The presence of iridotrabecular contact in at least one 
quadrants on AS-OCT appears to be a more effective than 
angle width as a triaging criterion to identify those who need 
further assessment with gonioscopy
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