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PURPOSE. Comparing diagnostic accuracy of biomicroscope techniques (van Herick and
Smith’s tests, evaluating limbal and central anterior chamber depth, respectively) and
advanced imaging (Visante OCT and Pentacam) for detection of gonioscopically narrow
anterior chamber angles (ACAs).

METHODS. A total of 78 subjects with narrow or open ACAs underwent four index tests,
performed on both eyes by examiners masked to other test results. Diagnostic performance
was compared with gonioscopy, using International Society of Geographical and Epidemi-
ological Ophthalmology (ISGEO) definition of primary angle closure and a classification based
on clinical opinion of occludability. Data were analyzed using both the eye and the individual
as unit of analysis. Sensitivity, specificity, and partial area under the receiver operating
characteristic curve (AUROC) were generated.

RESULTS. Using the eye as the unit of analysis, the van Herick grading cutoff of 25% or less and
ISGEO gonioscopic classification achieved 80% (confidence interval [CI] 65 to 89) sensitivity
and 92% specificity (CI 80 to 97) for narrow angle detection, with specificity reaching 97% (CI
87 to 100) for a cutoff of less than or equal to 15%. Notably, with a gonioscopic classification
based on clinical opinion of occludability, van Herick (�25%) together with Smith’s test
(�2.50 mm) detected 100% of narrow angle subjects. Of the three Pentacam parameters,
anterior chamber volume achieved highest test sensitivity of 85% (CI 70 to 94) using the
ISGEO definition. Visante OCT ACA had greatest partial AUROC at 90% specificity, also
yielding sensitivity and specificity greater than 85% using the Youden-derived cutoff of less
than or equal to 20.78and ISGEO definition.

CONCLUSIONS. Van Herick test and Visante OCT ACA exhibited best discrimination between
narrow and open angles both alone, and in combination. Van Herick test affords advantages
over Visante OCT, showing potential for identifying individuals who may benefit from further
gonioscopic assessment in a case-finding or screening setting.

Keywords: gonioscopy, van Herick test, advanced anterior segment imaging, diagnostic
accuracy, angle closure glaucoma

Angle closure glaucoma (ACG) is a major cause of visual
morbidity. With the aging population and increasing

longevity, the World Health Organization estimates that of the
11.2 million people who will be bilaterally blind from glaucoma
worldwide by 2020, nearly half will be attributed to angle
closure mechanisms.1

Prevention of ACG through screening depends on timely
identification of individuals with anatomically narrow angles,
considered at risk of developing the condition. Currently,
gonioscopy is considered the reference-standard assessment for
anterior chamber angle (ACA) configuration. However, the
technique requires considerable skill and experience. There-
fore, this clinical reference-standard technique is considered
unsuitable for case-finding or large-scale population screening.
Surrogate methods to assess ACA configuration include
biomicroscope-based techniques, such as the van Herick2

and/ or Smith’s tests,3 which evaluate limbal anterior chamber
depth (LACD) and central ACD, respectively. Newer advanced
optical-based systems provide noncontact, objective, and
quantifiable methods for evaluating the ACA, acquiring data

rapidly, which can be easily stored. Both anterior-segment
optical coherence tomography (AS-OCT)4–10 and Pentacam
imaging10–14 have been used to image ACA structures and
generate quantitative estimates of angle morphology for use in
screening for ACG in at-risk populations.

Most research into the effectiveness of biomicroscope tests
and optical imaging–based systems to detect angle closure
disease has been undertaken in East Asia, where prevalence and
mechanisms of angle closure differ significantly from other
populations.15 The present study aimed to evaluate diagnostic
accuracy of noncontact methods in screening for narrow
angles, compared with gonioscopy, in an enriched population.
The study was designed, and findings reported in accordance
with the Standards for Reporting of Diagnostic Accuracy
criteria.16

METHODS

Data collection for this prospective, diagnostic accuracy study
took place in Ealing Hospital, Moorfields Eye Clinic, in 2014.
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The study had institutional review board approval and was
conducted in accordance with the Declaration of Helsinki.
Written informed consent was obtained from all subjects.

Adult subjects were recruited from glaucoma and general
ophthalmology clinics. The narrow angle group comprised
subjects with suspected and confirmed primary angle closure.
The open angle group had no current or previous history of
ocular disease, or were diagnosed with eye conditions not
affecting angle configuration. Subjects receiving systemic or
topical medications known to affect the anterior segment, and
in particular those that may influence ACA configuration (e.g.,
miotics), were excluded. Other exclusion criteria included
anomalies of the anterior segment that affect ACA configura-
tion. Phakic eyes from both groups were included for analysis.

Subjects underwent assessment using gonioscopy and
index tests comprising van Herick, Smith’s, and imaging using
the Pentacam (OCULUS Optikgeräte GmbH, Wetzlar, Germany)
and Visante AS-OCT (Carl Zeiss Meditec AG, Oberkochen,
Germany) (on the same day), and without use of mydriatics. All
tests were performed in uniform dark-room conditions
confirmed using a digital photometer (ISO-TECH ILM 350
digital light meter; Isothermal Technology Limited, Southport,
UK) as 5 lux or less at the level of the subject’s eye.

Each index test was performed by a single experienced
examiner without previous knowledge of the subjects’ ocular
status and masked to other test results, including gonioscopy.

Van Herick Test

Using methodology originally described by van Herick et al.,2

the width of the corneal section was compared with the
adjacent anterior chamber space, first at the temporal limbus
and then at the nasal limbus for each eye, but recorded as a
percentage in accordance with the modified 7-point grading
scale (0%, 5%, 15%, 25%, 40%, 75%, and ‡100%) of Foster and
colleagues.17

Smith’s Test

Redmond Smith3 proposed a quantitative method to estimate
central ACD using the calibrated variable slit-height facility on
the biomicroscope. The examiner projects a horizontal slit
across the central cornea, and adjusts the slit-height until the
light beam from the corneal surface and lenticular-iridal
interface just appear to touch (see Smith3 for further details
on testing procedure). Smith’s report3 proposed multiplying
the slit height registered on the biomicroscope scale by a
constant correction factor of 1.40 to determine the estimated
ACD in millimeters. In our study, Smith’s test results were
calculated using the 1.31 correction factor suggested by Barrett
et al.,18 and based on a smaller mean bias determined by Bland-
Altman difference analysis when Smith’s central ACD estimates
were compared with the imaging systems (Visante OCT and
Pentacam). Three readings were taken for each eye, resetting
the slit height to 0.5 mm between measurements, and
recording the mean result for analysis.

Pentacam Imaging

The Pentacam, incorporating software version 1.19r11 (OCU-
LUS Optikgeräte GmbH), was used in 25-image acquisition, and
automatic release mode. The inbuilt Pentacam software
generates three anterior chamber parameters: ACA, central
ACD, and anterior chamber volume (ACV) (Pentacam imaging
principles have been described elsewhere19). The ACA
estimates were obtained along the nasal-temporal meridian
using Scheimpflug horizontal image segment 16 (184 to 48).
Scan acquisition was repeated until two scans of suitable

quality, or a maximum of four scans had been captured using
manufacturer-recommended quality criteria for image accep-
tance.

Visante AS-OCT

The Visante OCT (Version 2.0.1.88; Carl Zeiss Meditec AG) was
used in ‘‘anterior segment single’’ mode using wide-field
scanning optics to obtain a cross-section of the nasal and
temporal angles in a single, 16 3 6 mm image frame between
the 3 and 9 o’clock positions (see Penner20 for further details).
All images were analyzed using the Visante OCT inbuilt
software by one experienced clinician (PLD) masked to the
gonioscopy findings and index test results. Angle tool markers
(AC-angle-1808 and AC-angle-08) were positioned at the deepest
points of the angle recess, adjusting the long arms of the tool at
the iris tangential line and posterior corneal surface. Central
ACD was measured, using the caliper tool selected from the
‘‘chamber tool palette,’’ as the distance between the corneal
apex in a line perpendicular to the posterior surface of the
cornea (endothelium) and anterior lens contour.

Gonioscopy

Every subject underwent gonioscopy on the same day as the
index tests, performed by the same consultant glaucoma
subspecialist ophthalmologist with extensive experience in
performing the technique, and previously standardized against
another consultant ophthalmologist with a weighted kappa
scoring of 0.88 (SE 0.07) for Shaffer angle grading. The
ophthalmologist was masked to the subjects’ ocular status and
results of index tests. Angle width was estimated using the
Modified Shaffer system. Dynamic assessment by further
compression of the corneal surface by the goniolens was also
performed to differentiate appositional closure from peripheral
anterior synechiae. The examiner made a ‘‘forced’’ choice as to
whether the angle of each eye was ‘‘occludable’’ (a narrow
angle with possibility of occlusion) or ‘‘not occludable’’ (at
little risk of occlusion) based on the following criteria:

1. Angular approach of the peripheral iris to the recess and
peripheral iris configuration (e.g., steep)

2. Angle structures observed with the subject’s eye in the
primary position (modified Shaffer grading)

3. ‘‘Openability’’: visibility of angle structures on indenta-
tion

4. Observation of other features suggestive of iridotrabec-
ular contact (e.g., pigment patches)

Diagnostic Definitions

As the primary aim of this study was to evaluate screening
methods for the detection of narrow angles, subjects diagnosed
as primary angle closure suspect, primary angle closure (PAC),
and primary angle closure glaucoma (PACG) were combined
into a single category: ‘‘narrow’’ or ‘‘occludable’’ angles. Using
gonioscopy as the reference standard, an eye was defined as
having a narrow or occludable angle using two criteria:

1. International Society of Geographical and Epidemiolog-
ical Ophthalmology (ISGEO) definition, defined as an
ACA in which the posterior (usually pigmented)
trabecular meshwork was not visible for 2708 or more
of the angular extent on nonindentation gonioscopy and
with the eye in the primary position.11,17,21–23

2. Clinical opinion of the consultant subspecialist ophthal-
mologist as to whether the angle was ‘‘occludable.’’ This
‘‘pragmatic’’ criterion provides a measure of the ability
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of the index tests to identify individuals who would be
most likely to benefit from treatment.

Sample Size Calculation

The sample size was based on an anticipated sensitivity of the
van Herick test to detect a narrow angle (gonioscopic
definition) of 0.80 (conservative estimate from a study in a
population of European descent24) with a minimum acceptable
precision of 60.25 with 0.95 probability. This would require
40 cases with narrow angles.25

Statistical Analysis

Statistical analysis was performed using SPSS 21.0 software
(http://www-01.ibm.com/software/analytics/spss/products/
statistics/downloads.html), Medcalc 14.8.1 (www.medcalc.
org), and STATA 13.0 (Stata Corp., College Station, TX; www.
stata.com). Mean/median values for demographic characteris-
tics and quantitative angle measurements were compared
between gonioscopically narrow and open angle groups using
parametric or non-parametric statistical tests as appropriate.
For all tests P < 0.05 was considered statistically significant.

The diagnostic effectiveness of the index tests was evaluated
using two approaches:

� Primary analysis: using the eye as the unit of analysis and
comparing the gonioscopy reference standard and index
test results for the right eye. Left eye data were included
for analysis only if the right eye was not eligible for
inclusion in the study.

� Secondary analysis: using the individual as the unit of
analysis and comparing the narrowest index test mea-
surement of the two eyes with the narrowest gonioscop-
ic classification recorded for each subject. These data are
more generalizable to case-finding/screening for narrow/
occludable angles.

For index tests without a clinical consensus on the
threshold to define a narrow angle, the optimal threshold
was determined from the receiver operator characteristic
(ROC) curve using the Youden index (J). The Youden index
represents the point on the curve that maximizes J in the
formula, J ¼ max (sensitivity[c] þ specificity[c] � 1), where c
ranges over all possible criterion values.26 The ability to
discriminate between narrow- and open-angle subjects for
continuous data was described using partial area under the
ROC (AUROC) curve estimates (normalized by dividing by the
false-positive rate27), together with 95% confidence intervals
(CIs). The diagnostic effectiveness of combining index test
results was evaluated using 2 3 2 tables to calculate sensitivity
and specificity based on failure of one or both index tests being
suggestive of a narrow ACA.

RESULTS

A total of 78 subjects, with both narrow and open ACAs (34
male and 44 female), attended one of two screening days.
Demographic and summary data for open and narrow angle
groups are summarized in Table 1, with a subject being
classified as having gonioscopically narrow angles if either eye
satisfied the criteria. Subjects were aged between 30 and 83
years with median age of 66 years (interquartile range [IQR] 53
to 79). Self-reported ethnicities were 56% white and 35% South
Asian. Subjects classified with narrow angles were statistically
significantly older (P ¼ 0.008, ISGEO classification; P ¼ 0.046,
classification based on clinical opinion of occludability), and
had higher IOPs (P ¼ 0.038, ISGEO classification; P ¼ 0.009,

classification based on clinical opinion) than those in the open
angle group. By defining a narrow angle as ‡2708 nonvisibility
of the posterior trabecular meshwork (ISGEO classification),
46% (n¼36) and 54% (n¼42) of subjects were diagnosed with
open and narrow ACAs, respectively. The percentage with
narrow angles fell to 21.8% (n ¼ 17) if the clinical opinion of
occludability was used as the cutoff criterion.

In our cohort, the biomicroscope-based tests (van Herick
and Smith’s) and reference comparison gonioscopic examina-
tion captured data of suitable quality for analysis in 100% of
eyes (n ¼ 145). Following repeat acquisition in accordance
with the study protocol, the imaging-based systems (Visante
OCT and Pentacam) acquired adequate-quality data for the
measurement of ACA and ACD in 88% to 97%, and 96% to 100%
of eyes, respectively, with Pentacam nasal ACA being the
parameter with the greatest proportion of data excluded from
analysis (12% for left eye data). No bias was observed between
narrow and open angle groups for data excluded on the basis
of poor quality.

For the primary analysis, the diagnostic performance of
each index test was evaluated against two gonioscopy
reference standards (ISGEO classification and clinician’s
judgment of occludability) and using the eye as the unit of
analysis. The analysis was repeated using the individual as the
unit of analysis, yielding similar results (data not shown).

Diagnostic Effectiveness of Biomicroscope-Based
Index Tests

Using the traditional van Herick cutoff criterion of grade 2
(modified LACD �25%) and by defining a narrow angle using
the ISGEO gonioscopy classification, the van Herick test
achieved 79.5% (CI 64.5–89.2) sensitivity and 92.3% (CI
79.7–97.3) specificity. Figure 1 provides a graphical represen-
tation of test sensitivities and specificities using various cutoffs
for best-performing biomicroscope and imaging tests (tabulat-
ed results are provided in Table 2). In comparison, a similarly
high test sensitivity and specificity exceeding 80% was
obtained at the �15% LACD cutoff when using the gonioscopic
classification of an occludable angle based on clinical opinion.
The Youden index-derived optimal cutoff for Smith’s central
ACD was 2.6 mm or less, based on the ISGEO classification of
the angle, yielding lower test sensitivity and specificity of
71.8% (CI 56.2–83.5) when compared with LACD observations
(Youden cutoff �25%). Subanalysis of the diagnostic effective-
ness of nasal and temporal LACD revealed no statistically
significant differences for sensitivity or specificity (P ¼ 1.0
McNemar test) using the �25% cutoff and ISGEO gonioscopic
definition of a narrow angle.

Diagnostic Effectiveness of Imaging-Based Index
Tests

Youden index-derived cutoffs for ACA were 20.78 and 30.78
using Visante OCT (Fig. 1) and Pentacam imaging, respectively,
based on the ISGEO gonioscopy classification. Using these
criteria, Visante OCT ACA showed better sensitivity and
specificity (exceeding 85%) than Pentacam-derived estimates
(Table 2). Central ACD measurements generated by both
devices showed similar sensitivities (71.8%, Visante OCT and
74.4%, Pentacam) compared with Smith’s test (�2.60 mm), but
higher specificities (84.6%, Visante OCT and 76.3%, Pentacam)
at the �2.50 mm Youden cutoff. Of the three Pentacam
anterior chamber parameters, ACV (Youden cutoff �124 mm3)
achieved the highest test sensitivity of 84.6% (CI 69.5–94.1)
using the ISGEO definition of a narrow angle. Further analysis
of Visante OCT ACA data found similar effectiveness of
temporal and nasal measurements to detect narrow angles,
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with no statistically significant difference observed for either
sensitivity or specificity (P ¼ 1.0 McNemar test). Interestingly,
Pentacam imaging showed a marked difference in diagnostic
performance between temporal and nasal angle positions, with
higher mean ACA measured at the temporal limbus compared
with the nasal position. Bland-Altman mean difference analysis
revealed mean bias of 2.378 (CI �7.18 to 11.93).

Given the low prevalence of narrow angles in Western
populations, a test specificity of 90% or greater is essential to
screen for the condition. Table 2 details partial AUROC
estimates at 90% and 95% specificity together with their 95%
CIs. At 90% specificity and using the ISGEO definition of a
narrow angle, the Visante ACA (0.63, CI 0.48–0.84) and van
Herick test (0.49, CI 0.20–0.82) generated the greatest partial
AUROCs. No significant difference was observed between the
two parameters for partial AUROC curve estimates for ranges
starting at 90% or 95% specificities using either gonioscopy
classification (P > 0.14).

Combining Test Results

Using the ISGEO gonioscopy classification system and based on
failure of both the van Herick test (�25%) AND Smith’s test
(�2.60 mm) being suggestive of a narrow angle, test specificity
of 95% could be achieved but this was offset by a reduction in
sensitivity below 60%. Conversely, detection of a narrow angle
based on failure of EITHER test using the same criteria
improves sensitivity above 90%, but reduces test specificity
to just below 70%. Combining the two biomicroscope-based
tests is logical because the tests may be performed in rapid
succession. However, based on failure of both best-performing
index tests and using the ISGEO gonioscopy classification, the
van Herick (�25%) and Visante OCT ACA (�20.78) elicit 97%
specificity, while still retaining a sensitivity of 74%. Notably, by
using a gonioscopic classification based on clinical opinion of
occludability, 100% of narrow angle subjects were detected
using the van Herick technique (�25%) together with Smith’s
test (�2.50mm).

DISCUSSION

Although gonioscopy is considered to be the reference
standard for the determination of ACA configuration, the
technique is unsuitable for large-scale screening or case finding
of individuals at risk of ACG. This study evaluated the
diagnostic accuracy of alternative noninvasive methods to
detect occludable angles. In our population, both biomicro-
scope-based tests (van Herick and Smith’s) showed good
diagnostic performance for the detection of gonioscopically
narrow ACAs, comparable with modern anterior segment
imaging systems (Pentacam and Visante OCT). Furthermore,

these biomicroscopic techniques were quick to perform, were
well accepted by patients, and could be readily incorporated
into a standard ophthalmic examination.

Van Herick et al.2 indicated that an LACD of grade 2 or less
(equating to �25% of the corneal thickness) may suggest a
narrow ACA and these cases should be investigated further by
gonioscopy. Using the eye as the unit of analysis, the current
study confirmed that this cutoff provided the optimal balance
between sensitivity and specificity for detection of a narrow
angle, as defined by the ISGEO classification. Several studies
have reported on the performance of the van Herick test for
detection of gonioscopically occludable angles.4,6,17,23,28,29

Some have described its superior performance over other
noninvasive screening tests, such as ultrasound pachymetry,
optical pachymetry, or the scanning peripheral anterior
chamber depth analyzer.23,29 Conversely, others questioned

TABLE 1. Demographic and Clinical Data for Narrow and Open Angle Subject Groups Using Two Different Classifications of a Narrow ACA by
Gonioscopy (a Subject Was Classified as Having Gonioscopically Narrow Angles if One or Both Eyes Satisfied the Diagnostic Criteria)

All Subjects

Classification of Narrow ACA by Gonioscopy

ISGEO Classification Clinical Opinion of Occludability

Open Angles Narrow Angles P Open Angles Narrow Angles P

n (%) 78 (100) 36 (46.2) 42 (53.8) — 61 (78.2) 17 (21.8) —

Median age, y (IQR) 66 (53–79) 63 (49–77) 68 (58–78) 0.008* 65 (52–78) 70 (59–81) 0.046*

IOP, mm Hg 13.9 6 3.22 13.1 6 3.2 14.6 6 3.1 0.038† 13.4 6 3.3 15.7 6 2.4 0.009†

Best vision sphere þ0.76 6 2.4 �0.22 6 2.41 þ1.60 6 2.15 0.001† þ0.48 6 2.40 þ1.76 6 2.38 0.055†

Comparisons between narrow and open ACA groups produced statistically significant differences (P < 0.05).
* Mann-Whitney U test.
† Independent-sample t-test.

FIGURE 1. Sensitivity-specificity plots for best-performing biomicro-
scope and imaging tests, the van Herick technique and Visante OCT
ACA, using the ISGEO gonioscopy classification and based on the eye
as the unit of analysis.
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the technique’s utility in screening for angle closure. For
example, Congdon et al.30 analyzed data from more than 500
subjects and concluded that the van Herick test performed less
well than ultrasound biomicroscopy. Similarly, Thomas et al.31

cited both low sensitivity (61.9%) and low specificity as the
reasons for the inadequacy of van Herick for use in screening
for occludable angles, despite the specificity almost reaching
90%.

Figure 2 compares the current study results to sensitivity
and specificity estimates from the literature for detection of
narrow ACAs using the traditional van Herick threshold of
grade 2 or less (�25%). These data should be interpreted with
knowledge of variations in design, population demographics,
and sample size between studies. Population-based cross-
sectional studies in East Asia found higher sensitivities but
lower specificities than the present study.17,23 The report of
Foster et al.17 described the use of a modified LACD grading
scheme that expanded the standard van Herick grading scheme
to a seven-point percentage grading scale, including subdivid-
ing grade 1 into 5% and 15% subcategories. These additional
subdivisions led to improved test specificity when compared
with the �25% cutoff criterion. Interestingly, mean specificities
for the present study exceeded 90% for each of the LACD
thresholds �25%, �15%, and �5%.

Another practical consideration of the van Herick test is
whether the technique should be performed at the nasal and/
or temporal limbus. Alsbirk,32 evaluating the effectiveness of
the van Herick test, observed marked asymmetry in grades
between the temporal and nasal aspects, with shallower LACDs
temporally. This trend was common to both the Inuit and
Danish populations evaluated, although not confirmed by
gonioscopy. Foster et al.17 suggested that this asymmetry in
temporal and nasal grades reported by Alsbirk32 may be a
reflection of variation in the position of the limbus. We
observed similar van Herick grades and diagnostic performanc-
es for the detection of gonioscopically narrow angles between
nasal and temporal positions, suggesting that recording of
either the temporal or nasal LACD would be sufficient for case-
finding in at-risk individuals.

Only one report has evaluated the diagnostic performance of
Smith’s test.33 Although these authors observed a good
correlation between Smith’s method and gonioscopy (Spearman
rho ¼ 0.938), this does not necessarily imply good agreement
between the two techniques. Our findings revealed a lower

partial AUROC for Smith’s test compared with the van Herick
test. Although Smith’s test does not provide a diagnostic
advantage over the van Herick test, there is a case for performing
Smith’s test when van Herick is not possible, for example in the
presence of a pronounced arcus senilis. Moreover, the van
Herick technique and Smith’s test may be performed in rapid
succession using the biomicroscope. In the present study, 100%
of narrow angle subjects defined by a gonioscopic classification
based on a clinical opinion of occludability were detected based
on failure of one or both tests.

In the current study, ACA was the best-performing
parameter for the detection of narrow angles using the Visante
OCT (based on the ISGEO classification). Wirbelauer et al.4

similarly reported a high sensitivity and specificity (86% and
95%, respectively) for ACA measured with the Visante AS-OCT
to detect occludable angles in a German clinic-based popula-
tion. Interestingly, studies conducted in East Asia based on
qualitative assessment of AS-OCT images for contact between
the peripheral iris and any part of the angle wall anterior to the
scleral spur, found equivalently high sensitivities,5,34–37 but
reported specificities as low as 51%,35 55%,5 and 58%.36 It is
unclear whether these low specificities reflect differences in
definitions of narrow quadrants using AS-OCT and gonioscopy,
or if angle closure is being missed by gonioscopy in these
populations.

TABLE 2. Sensitivity, Specificity, and Partial AUROC Curve Data for Each Index Test Parameter Using the Two Gonioscopic Classifications for a
Narrow Angle and Based on the Eye as the Unit of Analysis

Index Test

Index

Test Cutoff

Reference

Standard Cutoff

Sensitivity,

% (CI)

Specificity,

% (CI)

Partial

AUROC

From 90%

Specificity (CI)

Partial

AUROC

From 95%

Specificity (CI)

van Herick �25% ISGEO 79.5 (64.5–89.2) 92.3 (79.7–97.3) 0.49 (0.20–0.82) 0.33 (0.09–0.80)

Clinical opinion 94.1 (73.0–99.0) 70.5 (58.1–80.4) 0.30 (0.08–0.70) 0.20 (0.0–0.54)

Smith’s ACD � 2.60 mm ISGEO 71.8 (56.2–83.5) 71.8 (56.2–83.5) 0.29 (0.14–0.53) 0.24 (0.09–0.47)

ACD � 2.50 mm Clinical opinion 76.5 (52.7–90.4) 70.5 (58.1–80.4) 0.19 (0.02–0.51) 0.06 (0.0–0.40)

Visante OCT ACA � 20.78 ISGEO 87.2 (72.6–95.7) 86.8 (71.9–95.6) 0.63 (0.48–0.84) 0.62 (0.46–0.80)

ACA � 18.68 Clinical opinion 100 (80.5–100.0) 66.7 (53.3–78.3) 0.31 (0.07–0.67) 0.16 (0.0–0.59)

ACD � 2.50 mm ISGEO 71.8 (55.1–85.0) 84.6 (69.5–94.1) 0.40 (0.20–0.69) 0.30 (0.13–0.65)

ACD � 2.38 mm Clinical opinion 82.3 (56.6–96.2) 83.6 (71.9–91.8) 0.38 (0.13–0.70) 0.24 (0.0–0.63)

Pentacam ACA � 30.78 ISGEO 71.8 (55.1–85.0) 78.4 (61.8–90.2) 0.37 (0.16–0.61) 0.25 (0.10–0.58)

ACA � 30.28 Clinical opinion 82.4 (56.6–96.2) 62.7 (49.1–75.0) 0.36 (0.14–0.62) 0.31 (0.1–0.58)

ACD � 2.50 mm ISGEO 74.4 (57.9–87.0) 76.3 (59.8–88.6) 0.40 (0.19–0.67) 0.29 (0.14–0.61)

ACD � 2.40 mm Clinical opinion 82.3 (56.6–96.2) 76.7 (64.0–86.6) 0.39 (0.15–0.67) 0.27 (0.0–0.62)

ACV � 124 mm3 ISGEO 84.6 (69.5–94.1) 78.9 (62.7–90.4) 0.39 (0.24–0.62) 0.36 (0.22–0.55)

ACV � 124 mm3 Clinical opinion 94.1 (71.3–99.9) 58.3 (44.9–70.9) 0.27 (0.08–0.51) 0.19 (0.0–0.47)

FIGURE 2. Sensitivity and specificity estimates with associated 95% CIs
for detection of narrow ACAs using the van Herick cutoff point of less
than or equal to grade 2 (�25%).
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Pentacam imaging systems aim to overcome subjectivity
associated with acquiring biometric ACA data by using fully
automated analysis. In our population, Pentacam parameters
showed only moderate ability to distinguish between open and
narrow angles. Using the ISGEO gonioscopic definition of a
narrow angle, ACA and ACD Youden cutoffs yielded sensitivity
and specificity estimates between 70% and 80%. These findings
contrast with previous reports of Pentacam ACD being an
effective indicator for the detection of gonioscopically narrow
angles.10,11,38

In the context of screening for a low prevalence disease
such as ACG, there is an argument to combine high test
specificity, ideally above 90%, with an acceptably high
sensitivity so as to achieve a reasonable predictive value.
Partial AUROC at 90% specificity identified the van Herick and
Visante OCT ACA as the best-performing index test criteria for
detection of narrow angles defined by the ISGEO classification.
However, analysis of OCT images relies on examiner experi-
ence to identify features of the ACA correctly and to
appropriately position the angle measurement tool. In the
current study, intraobserver repeatability of ACA estimates for
observations of the initial scan revealed wide 95% CIs. Overall,
the van Herick test shows great potential for use in general
screening and case finding of individuals at risk of ACG. The
test affords further advantage by using the biomicroscope, a
standard item of equipment in ophthalmic clinics, and the van
Herick test does not require any auxiliary attachments. In
comparison, practitioners are less likely to invest in advanced
imaging systems dedicated solely to anterior segment imaging,
given the significant costs, the space taken up by the
equipment, and additional training requirements to acquire
and interpret images correctly.

The prevalence of narrow angles in our population was
21.8% based on the ophthalmologist’s clinical opinion of
occludability, compared with 53.8% using the ISGEO classifi-
cation. Therefore, 25 subjects with gonioscopically narrow
angles defined by ISGEO would not be eligible for prophylactic
treatment, based on the ophthalmologist’s clinical opinion of
occludability, but periodic review for repeat goniolens
assessment would observe for possible conversion to PAC/
PACG. Risks and benefits of performing prophylactic laser
iridotomy on all individuals observed with gonioscopically
narrow angles still need to be assessed definitively. Peripheral
laser iridotomy is considered a relatively safe procedure but
carries a small risk of complications, such as inflammation.

The potential for partial verification bias was addressed in
this study by performing the same reference standard
gonioscopic assessment on every subject. All index tests and
the reference standard examination were performed on the
same day, thereby addressing any risk of disease progression
bias. Index-test examiners were masked to findings of other
ocular examinations, including gonioscopic observations.
Furthermore, index test data were interpreted independently
without knowledge of the reference standard diagnosis or
other test performances and vice versa. However, the study
may be subject to spectrum bias, as subjects were not sampled
using a population-based approach, but recruited from
glaucoma and general ophthalmology clinics to form a cohort
with open and narrow ACAs. Demographic data revealed a
high proportion of subjects of South Asian origin, which does
not represent the United Kingdom as a whole. Furthermore, it
was not possible to recruit large numbers, resulting in wide CIs
around diagnostic estimates of sensitivity, specificity, and
partial AUROC curve. Current findings may not be generaliz-
able to the UK general population, and would translate less
well to East Asian populations in which prevalences and
mechanisms of ACG differ. The examiners’ knowledge of the
higher prevalence of gonioscopically narrow angles in this

enriched cohort compared with the general population may
have biased observations toward more occludable angles.
Further overestimation of diagnostic accuracy may have
resulted from the use of present study data to derive the
optimal cutoff value (using the Youden index) for tests in
which there was no clinical consensus. However, the
magnitude of the bias in sensitivity and specificity using data-
driven selection of optimal cutoff values based on modeling
has been estimated to be in the region of 5% in studies with a
sample size of 40, with bias reducing with increasing sample
size.39 It is also possible that exclusion of angle images
captured in the vertical meridian using the Pentacam and
Visante OCT may have influenced diagnostic results, in view of
the higher prevalence of gonioscopically narrow quadrants
observed superiorly both in this study, and previously.8,40

Furthermore, Visante OCT and Pentacam ACA estimates were
based on observations of a single cross-section between
temporal and nasal angle positions. As variations in angle
morphology can be observed within a sector, it is not known
whether test performance for detecting narrow angles would
have differed using data from multiple meridional cross
sections.

In summary, this study provides data on the effectiveness of
various noncontact methods to detect at-risk individuals,
which may be used to develop case-finding or screening
strategies to prevent ACG. Overall, the van Herick test and
Visante OCT ACA showed best performance for detection of
narrow angles both alone, and in combination. The van Herick
test affords a number of advantages over Visante OCT imaging,
but with continuing advances in OCT imaging, supported by
advanced analytical tools, it is anticipated that this technology
will play a more significant role over time.
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