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Abstract

also with AOD500 for nasal (r ¼ 0.498,
Po0.001) and temporal (r ¼ 0.517, Po0.001)
quadrants. For detection of narrow angles,
ACV (AUC ¼ 0.935; 95% confidence interval
(CI) ¼ 0.898–0.961) performed similar to ACD
(AUC ¼ 0.88, P ¼ 0.06) and significantly better
than AOD500 nasal (AUC ¼ 0.761, P ¼ 0.001),
AOD500 temporal (AUC ¼ 0.808, Po0.001),
TISA500 nasal (AUC ¼ 0.756, Po0.001), and
TISA500 temporal (AUC ¼ 0.738, Po0.001).
Using a cutoff of 113 mm3, ACV had 90%
sensitivity and 88% specificity for detecting
narrow angles. Positive and negative LRs
for ACV were 8.63 (95% CI ¼ 7.4–10.0) and
0.11 (95% CI ¼ 0.03–0.4), respectively.
Conclusions ACV measurements using
Scheimpflug imaging outperformed AOD500
and TISA500 using SD-ASOCT for detecting
narrow angles.
Eye (2011) 25, 603–611; doi:10.1038/eye.2011.14;
published online 18 February 2011

Purpose To compare the performance of
anterior chamber volume (ACV) and anterior
chamber depth (ACD) obtained using
Scheimpflug imaging with angle opening
distance (AOD500) and trabecular-iris space
area (TISA500) obtained using spectral
domain anterior segment optical coherence
tomography (SD-ASOCT) in detecting narrow
angles classified using gonioscopy.
Methods In this prospective, cross-sectional
observational study, 265 eyes of 265
consecutive patients underwent sequential
Scheimpflug imaging, SD-ASOCT imaging,
and gonioscopy. Correlations between
gonioscopy grading, ACV, ACD, AOD500,
and TISA500 were evaluated. Area under
receiver operating characteristic curve (AUC),
sensitivity, specificity, and likelihood ratios
(LRs) were calculated to assess the
performance of ACV, ACD, AOD500, and
TISA500 in detecting narrow angles (defined
as Shaffer grade r1 in all quadrants).
SD-ASOCT images were obtained at the
nasal and temporal quadrants only.
Results Twenty-eight eyes (10.6%) were
classified as narrow angles on gonioscopy.
ACV correlated with gonioscopy grading
(Po0.001) for temporal (r ¼ 0.204), superior
(r ¼ 0.251), nasal (r ¼ 0.213), and inferior
(r ¼ 0.236) quadrants. ACV correlated with
TISA500 for nasal (r ¼ 0.135, P ¼ 0.029) and
temporal (P ¼ 0.160, P ¼ 0.009) quadrants and

Keywords: scheimpflug imaging; anterior
segment OCT; narrow angles; glaucoma

Introduction
Glaucoma affects approximately 67 million
people making it the most common cause of
irreversible blindness worldwide.1 Although
constituting only about 26% of all glaucoma,
primary angle closure glaucoma (PACG) is an
aggressive and visually destructive disease,2,3
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with estimations that it blinds five times more people
than primary open-angle glaucoma4 making it an
important public health problem. The prevalence of
PACG varies among different ethnic groups and is a
major form of glaucoma in the populous nations of
China5 and India.6 To effectively prevent PACG by the
use of prophylactic laser iridotomy, it is necessary to
identify people with anatomically narrow angles.
Anterior segment optical coherence tomography
(ASOCT) offers a non-contact method for detecting eyes
at risk for angle closure.7–9 Several recent studies have
used ASOCT to visualize anterior chamber angle (ACA)
structures7,10–14 and demonstrated it to be accurate for the
detection of closed or occludable angles, with gonioscopy
used as the reference.7,15,16 Spectral domain ASOCT
(SD-ASOCT) technology is faster and more efficient than
the conventional time domain ASOCT (TD-ASOCT):
by detecting signals from the entire depth range in
parallel, rather than serially, it achieves higher speed
without losing the signal-to-noise ratio.17,18
Scheimpflug imaging also offers non-contact imaging
of the anterior segment. Although Scheimpflug
photography cannot fully visualize the entire angle,19
the software available on the Pentacam Scheimpflug
camera (Oculus, Wetzlar, Germany) provides
extrapolated measurements of the anterior chamber
volume (ACV), which have shown promise in
screening for narrow angles.20
The aim of this investigation was to compare the
diagnostic performance of Scheimpflug imaging and
SD-ASOCT in detecting narrow angles and to evaluate
the correlations among the quantitative parameters
obtained from these two devices.
Materials and methods
The study was approved by the hospital’s Institutional
Review Board and adhered to the tenets of the
Declaration of Helsinki. Informed consent was obtained
from all participants. Patients aged Z40 years were
recruited from the comprehensive ophthalmology clinic
at Grewal Eye Institute. Patients were excluded if they
had a history of glaucoma, intraocular surgery, laser
treatment, penetrating trauma, and corneal disorders,
such as corneal endothelial dystrophy, corneal opacity,
pterygium, or abnormalities that precluded SD-ASOCT
or Scheimpflug imaging. All participants underwent
best-corrected visual acuity (BCVA) measurement using
a logarithm of minimum-angle-of-resolution chart
(logMAR chart, Lighthouse Inc., Long Island, NY, USA),
auto-refraction (Topcon RM-8000B, Topcon Corporation,
Tokyo, Japan), slit-lamp examination (Model BQ 900,
Haag-Streit, Bern, Switzerland), stereoscopic optic-disc
examination with a 78-diopter lens (Volk Optical Inc.,
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Mentor, OH, USA), and intraocular pressure
measurement (IOP) using Goldmann applanation
tonometry (Haag-Streit, Koniz, Switzerland).
Patients underwent Scheimpflug imaging, SD-ASOCT
imaging, and gonioscopy in that order. Scheimpflug and
SD-ASOCT imaging were performed in a dark room
(B1 lux using a digital light meter (Extech 401027 Pocket
Digital Light Meter, Extech Instruments, Waltham, MA,
USA)) after allowing dark adaptation for 30 s, without
the use of any mydriatics, and with the subjects sitting in
front of the instrument with their face in an upright
position, by a single examiner who was masked to the
gonioscopy results. The intensity of light during
each examination was measured to standardize the
illumination conditions. Manufacturer-recommended
quality criteria for image acquisition were used as
guidelines for acceptance of scan images.
We certify that all applicable institutional and
governmental regulations concerning the ethical use of
human volunteers were followed during this research.
Scheimpflug imaging
The Pentacam 50 scan image acquisition mode was used,
which captures 50 slit images of the anterior segment in
2 s using a rotating Scheimpflug camera. Only images
with a Quality Score 495 were included. The Pentacam
software (Software version 1.11, Oculus) configures a
three-dimensional model of the anterior segment with
the obtained data, and the central anterior chamber
depth along the optical axis (ACD, mm), ACA (degrees),
and ACV (ml) are computed. The ACV is calculated using
an integral calculus, which considers the anterior
chamber as a solid bounded by the posterior surface of
the cornea (12 mm diameter around the corneal apex),
the iris, and the lens.21 Pentacam
ACA measurements were not used in this study, as
their reliability in eyes with narrow angles has been
questioned due to the inability of Scheimpflug imaging
to visualize the most peripheral part of the iris and base
of the ACA.20
Spectral domain anterior segment optical coherence
tomography
The RTVue 100 (Optovue Inc., Fremont, CA, USA,
software version 4.0) SD-OCT system was used for
anterior segment imaging with an auxiliary lens
attachment, the corneal adaptor module (CAM). CAM
includes adaptor lenses to produce a telecentric scan
geometry for corneal imaging and scan patterns, along
with the image processing software. The spectrometer is
fitted with a high-speed line camera that captures 26 000
axial (A) scans per second using an 830-nm wavelength

Scheimpflug imaging and SD-ASOCT for detecting narrow angles
DS Grewal et al

605

light-source providing an axial resolution of 5 mm and a
transverse scan resolution of 15 mm.
For this study, anterior segment morphology was
assessed with the corneal adaptor module long (CAM-L),
using the angle scan protocol, which captured 1  1024
A-scans in 0.04 s. The patient’s fixation was directed to
the side of the instrument, using an external fixation
light, so that the irido-corneal angle was centered in the
instrument’s field of view. The external fixation target
was approximately 20 cm away from the patient’s eye.
The working distance between CAM-L and the cornea
was approximately 13 mm. Two scans of the angle at
3 o’clock and 9 o’clock position were obtained,
representing the temporal and nasal quadrants of each
eye. In order to obtain images with the corneo-scleral
surface perpendicular to the scanning beam, the software
provides guide marks on the image acquisition screen.
The superior and inferior quadrants were not scanned to
avoid potential eyelid obstruction or anterior segment
distortion from eyelid manipulation. To achieve a
non-accommodated state, the power setting was adjusted
according to the patient’s refraction. Only images with
Scan-Score Index 445 were included. For quantitative
analysis, an ophthalmologist (SPSG) marked out the
scleral-spur location in the nasal and temporal
quadrants, following which the software computed the
quantitative analysis. The scleral spur was determined as
the point at which there was a change in curvature of the
inner surface of the angle wall.22 Parameters measured
were: (a) angle opening distance at 500 mm from the
scleral spur (AOD500), defined by Pavlin et al23 as the
length of a line drawn from the anterior iris to the corneal
endothelium perpendicular to a line drawn along the
trabecular meshwork at a given distance from the scleral
spur and (b) trabecular-iris space area at 500 mm from the
scleral spur (TISA500), defined by Radhakrishnan et al8,16
as a trapezoidal area with the following boundaries:
anteriorly, AOD500; posteriorly, a line drawn from the
scleral spur perpendicular to the plane of the inner
scleral wall to the opposing iris; superiorly, the inner
corneo-scleral wall; and inferiorly, the iris surface.
Gonioscopy
All subjects underwent gonioscopy using a Zeiss style
four-mirror gonioscopy lens (Ocular Instruments Inc.,
Bellevue, WA, USA) by a glaucoma specialist (RJ), who
was masked to the SD-ASOCT and Scheimpflug images.
Gonioscopy examinations (at  16 magnification) were
performed in a dark room (B1 lux using digital light
meter) using a 1-mm beam reduced to a very narrow slit
with minimal illumination to allow adequate
visualization of the structures, while taking care to avoid
light falling on the pupil or accidental indentation. Slight

tilting of the gonioscopy lens was permitted in an
attempt to gain a view over the convexity of the iris.
The vertical beam was offset horizontally for assessing
the superior and inferior angles, and was offset vertically
for the nasal and temporal angles. The procedure was
performed without a mydriatic or miotic agent, and a
topical anesthetic was applied before examination.
Shaffer grading system24,25 was used and a narrow
angle was defined as Shaffer grade r1 in all four
quadrants.16,26
Statistical analysis
If both eyes were eligible for the study, only the right eyes
of the subjects were analyzed. Temporal and nasal angles
were analyzed separately for each eye. With the
exception of age, other parameters did not conform to a
Guassian distribution (Po0.05; Kolmogorov–Smirnov
test with a Lilliefors significance correction). As data was
not normally distributed, Mann–Whitney U-test for
unpaired data was used to determine differences
between groups. Bonferroni correction was used to
adjust P-values for multiple comparisons. The correlation
between gonioscopy and ACV measured by Scheimpflug
imaging was calculated using the Spearman’s correlation
coefficient. Sensitivity, specificity, positive likelihood
ratio (LR), negative LR, positive predictive value (PPV),
negative predictive value (NPV), and the receiver
operating characteristic (ROC) curves for each of the
SD-ASOCT and Scheimpflug imaging parameters for
identifying narrow angles were calculated using
gonioscopy as the reference. The area under the ROC
curves (AUC) was compared using a nonparametric
approach described by Delong et al.27 Optimal cutoff
levels were determined using the Youden index (J);28–30
J ¼ (sensitivity þ specificity1) for all possible cutoff
values. The parameter value with the maximum Youden
index was used as the cutoff value.
PPV and NPV were calculated using a prevalence of
8% from this study. We also calculated PPV and NPV
using population prevalences of 2.75 and 0.88% for
PAC and PACG, respectively, as determined by a
recent population-based study in India31 to assess the
performance of ACV. Statistical analysis was carried out
using SPSS 17.0 (SPSS, Chicago, IL, USA) and MedCalc
version 9.5.0.0 (MedCalc Software, Mariakerke, Belgium).
Statistical significance was assumed at the Po0.05 level.
Results
A total of 300 consecutive participants underwent
imaging and among them 35 subjects (11.67%) were
excluded because of an undetectable scleral spur on
SD-ASOCT. None of the patients were excluded because
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nasal (r ¼ 0.135, P ¼ 0.029) and temporal (r ¼ 0.160,
P ¼ 0.009) quadrants. (Figure 1) Similarly, there was a
moderately positive correlation between ACV and
AOD500 for the nasal (r ¼ 0.498, Po0.001) and temporal
(r ¼ 0.517, Po0.001) quadrants (Figure 2). We did not find
any correlation between ACV and age, IOP, or CCT
(P40.05 for each).
ROC curves for predicting narrow angles were
constructed for ACV, ACD, TISA500, and AOD500 using
gonioscopy as the reference (Figure 3). Comparing the
sensitivity and specificity at different values of ACV,
we found that using a cutoff of 113 mm3, ACV had 90%
sensitivity and 88.19% specificity in detecting narrow
angles with an AUC ¼ 0.935 (95% confidence interval
(CI), 0.898–0.761). ACV outperformed AOD500 nasal
(AUC ¼ 0.761; 95% CI, 0.705–0.811; Po0.001), AOD500
temporal (AUC ¼ 0.808; 95% CI, 0.755–0.854; Po0.001),
TISA500 nasal (AUC ¼ 0.756; 95% CI, 0.7–0.807;
Po0.001), and TISA500 temporal (AUC ¼ 0.738; 95%CI,
0.681–0.790; Po0.001) in detecting narrow angles.
Although ACV had a higher AUC than ACD
(AUC ¼ 0.880; 95% CI, 0.835–0.917), the difference was
not significant (P ¼ 0.06) (Table 3). The cutoff values and

they could not undergo gonioscopy, SD-ASOCT, or
Pentacam examinations. Two hundred and sixty-five
eyes of 265 subjects, 136 females (51.3%) and 129 males
(48.7%), were included. The mean age was 55.2±5.1
years (range 40–82 years). Mean central corneal thickness
(CCT) was 539.9±37.6 mm. Twenty-eight eyes (10.6%)
were classified as having narrow angles on gonioscopy
(Shaffer r1 in all four quadrants). Table 1 describes the
distribution of gonioscopic grades using the Shaffer
scale. The mean BCVA was 0.10±0.20. The mean
spherical equivalent of the manifest refraction was
0.53±3.09 diopters (D) and the mean IOP was
16.2±2.8 mm Hg. Table 2 describes the clinical
characteristics of the study population. None of the
patients had glaucoma. Of the 28 eyes with narrow
angles, 4 were PAC and 10 were PAC suspects.
There was a low but significant correlation (Po0.001)
between ACV calculated using Scheimpflug imaging and
Gonioscopy grading for the temporal (r ¼ 0.204), superior
(r ¼ 0.251), nasal (r ¼ 0.213), and inferior angles
(r ¼ 0.236), and using mean gonioscopy grade (r ¼ 0.256).
ACV measurements also had a low but significant
correlation with SD-ASOCT-derived TISA500 for the

Table 1 Distribution of gonioscopic grade classified Shaffer scale in the study population (n ¼ 265)
Shaffer grade
Grade
Grade
Grade
Grade
Grade

0
1
2
3
4

Superior n (%)
11
17
60
96
81

Nasal n (%)

(4.2)
(6.4)
(22.6)
(36.2)
(30.6)

11
17
58
103
76

Inferior n (%)

(4.2)
(6.4)
(21.9)
(38.9)
(28.7)

10
18
60
96
81

Temporal n (%)

(3.8)
(6.8)
(23.4)
(35.5)
(30.6)

9
19
62
94
81

(3.4)
(7.2)
(19.6)
(38.5)
(31.3)

Table 2 Clinical characteristics of the study population (n ¼ 265)
Parameter
Age (years)
Gender
Male
Female
Autorefraction spherical error (D)
Intraocular pressure (mm Hg)
ACV (mm3)
ACD (mm)
AOD500 nasal (mm)
AOD500 temporal (mm)
TISA500 nasal (mm2)
TISA500 temporal (mm2)

Total subjects (n ¼ 265)

Narrow angles (n ¼ 28)

Open angles (n ¼ 237)

55.3±5.1 (40–82)

56.2±6.5 (40–76)

58.3±5.7 (50–82)

0.323a

129
136

12
16

117
120

0.515b

0.52±3.09 (7.5 to 5.5)
15.1±2.7 (9–24)
141.1±37.6 (58–248)
2.63±0.42 (1.59–4.16)
0.48±0.21 (0.08–0.83)
0.49±0.22 (0.09–0.85)
0.33±0.12 (0.11–0.68)
0.32±0.12 (0.08–0.68)

0.23±1.33 (5.5 to 5.25)
15.8±2.4 (10–24)
95.6±20.6 (58–137)
2.07±0.38 (1.59–2.86)
0.33±0.14 (0.08–0.44)
0.30±0.11 (0.09–0.36)
0.23±0.14 (0.10–0.54)
0.23 ±0.14 (0.08–0.54)

0.75±1.43 (7.5 to 5.5)
14.5±2.9 (9–24)
146.5±35.5 (76–248)
2.70±0.38 (1.8–4.16)
0.50±0.21 (0.12–0.83)
0.51±0.22 (0.12–0.85)
0.34±0.11 (0.19–0.68)
0.33±0.12 (0.11–0.68)

P-value

o0.001c
o0.001c
o0.001c
o0.001c
o0.001c
o0.001c
o0.001c
o0.001c

Abbreviations: ACD, anterior chamber depth; ACV, anterior chamber volume; AOD500, angle opening distance at 500 mm from the scleral spur; TISA500,
trabecular-iris space area at 500 mm from the scleral spur.
a
Independent samples t-test.
b 2
w -test.
c
Mann–Whitney U-test.
Data represent the mean±SD (range), except for gender.

Eye

Scheimpflug imaging and SD-ASOCT for detecting narrow angles
DS Grewal et al

607

ROC Curve
Source of the Curve
TISA Temporal
TISA Nasal
AOD Temporal
AOD Nasal
ACV
ACD
Reference line

1.0

Sensitivity

0.8

0.6

0.4

0.2

0.0
0.0

0.2

0.4

0.6

0.8

1.0

1-Specificity
Diagonal segments are produced by ties.

Figure 1 Scatter plot demonstrating correlation of TISA500
(nasal and temporal) versus ACV. TISA, trabecular-iris space
area at 500 mm from the scleral spur (mm2); ACV, anterior
chamber volume using Scheimpflug (mm3); SD-ASOCT, spectral
domain anterior segment optical coherence tomography.

Figure 2 Scatter plot demonstrating correlation of AOD500
(nasal and temporal) versus ACV. AOD, angle opening distance
at 500 mm from the scleral spur (mm); ACV, anterior chamber
volume using Scheimpflug (mm3); SD-ASOCT, spectral domain
anterior segment optical coherence tomography.

the corresponding sensitivity, specificity, positive LR,
negative LR, PPV and NPV for ACV, ACD, AOD500, and
TISA500 (nasal and temporal) are presented in Table 3.
Using ACV (with a cutoff of 113 mm3), the PPV for
detecting narrow angles was 42.9% (95% CI, 27.7–59),
while the NPV was 99% (95% CI, 96.6–99.9), using an 8%
prevalence of narrow angles from this study. The PPV for
detecting PAC (using a population prevalence of 2.75%31)
was 19.6% (95% CI, 7.7–37.8) and the NPV was 99.7%

Figure 3 Graph showing receiver operating characteristic
curves of different parameters from Scheimpflug imaging
(ACV and ACD) and SD-ASOCT (AOD500 and TISA500) of
detecting narrow angles. Using a cutoff of 113 mm3, ACV had
88.29% sensitivity and 88.19% specificity in detecting narrow
angles (Shaffer grade r1). AOD500, angle opening distance at
500 mm from the scleral spur; TISA500, trabecular-iris space area
at 500 mm from the scleral spur; ACV, anterior chamber volume
using Scheimpflug imaging; ACD, anterior chamber depth using
Scheimpflug imaging.

(95% CI, 97.7–99.9). For detecting PACG (using a
population prevalence of 0.88%31), the PPV was 7.1%
(95% CI, 1.0–23.9) and the NPV was 99.9% (95% CI,
98.1–99.7) At the cutoff of 113 mm3, ACV had a positive
LR of 8.63 (95% CI, 7.4–10.0) and a negative LR of
0.11 (95% CI, 0.03–0.4) for detecting narrow angles.
We also used another definition for narrow angles as
grade r2 in all quadrants. Using this definition, ACV
had an AUC of 0.901 and an 89.1% sensitivity and
87.2% specificity in detecting narrow angles. (95% CI,
0.822–0.931). Again ACV (AUC ¼ 0.901) outperformed
AOD500 nasal (AUC ¼ 0.761; 95% CI, 0.685–0.761;
Po0.001), AOD500 temporal (AUC ¼ 0.788; 95% CI,
0.722–0.814; Po0.001), TISA500 nasal (AUC ¼ 0.726; 95%
CI, 0.664–0.798; Po0.001), and TISA500 temporal
(AUC ¼ 0.722; 95%CI, 0.676–0.787; Po0.001) in detecting
narrow angles, but was similar to ACD (AUC ¼ 0.864;
95% CI, 0.815–0.907).
Discussion
The ideal community-based screening test should not
only be clinician-independent, quick and non-invasive,
with a high specificity and sensitivity but also be
practical and of an affordable cost. Several authors have
compared ASOCT with gonioscopy as the reference and
have shown sensitivities of upto 98% in detecting narrow
angles.32,33
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Abbreviations: ACD, anterior chamber depth; ACV, anterior chamber volume; AOD500, angle opening distance at 500 mm from the scleral spur; AUC, area under the receiver operating characteristic curve;
CI, confidence interval; þ LR, positive likelihood ratio; LR, negative likelihood ratio; NPV, negative predictive value; PPV, positive predictive value; SE, standard error of the area; TISA500, trabecular-iris
space area at 500 mm from the scleral spur.

0.898–0.961
0.835–0.917
0.705–0.811
0.755–0.854
0.7–0.807
0.681–0.79
0.016
0.025
0.040
0.035
0.040
0.042
0.935
0.880
0.761
0.808
0.756
0.738
(96.6–99.9)
(96.8–99.9)
(93.4–99)
(92.8–98.4)
(91.2–97.8)
(92.7–98.5)
99.0
99.4
97.1
96.3
95.3
96.4
(27.7–59)
(16–36.7)
(11.3–30.1)
(18.6–51)
(9.5–30.4)
(12.8–35.8)
42.9
25.3
19.5
33.3
18.3
22.8
(0.03–0.4)
(0.01–0.5)
(0.2–0.8)
(0.2–0.9)
(0.1–1)
(0.2–0.8)
0.11
0.07
0.34
0.45
0.57
0.43
(7.4–10)
(3.4–4.4)
(2.1–3.6)
(4–8.2)
(1.7–3.9)
(2.4–4.7)
8.63
3.9
2.78
5.75
2.58
3.4
(83.4–92)
(66.4–78.1)
(65.1–77)
(83.4–92.0)
(72.8–83.8)
(75.4–85.8)
88.19
72.57
71.31
88.19
78.7
81.01
(71.7–97.6)
(71.8–97.6)
(59.0–91.7)
(47.7–84.1)
(44.1–81.3)
(51.3–86.7)
90
89.29
78.57
67.86
64.29
71.43
r113 mm3
r2.45 mm
r0.34 mm
r0.32 mm
r0.2 mm2
r0.21 mm2
ACV
ACD
AOD500 nasal
AOD500 temporal
TISA500 nasal
TISA500 temporal

95% CI
SE
AUC
NPV (95% CI)
PPV (95% CI)
LR (95% CI)
þ LR (95% CI)
Specificity (95% CI)
Sensitivity (95% CI)
Criterion
Parameter

Table 3 Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), for Scheimpflug imaging and SD-ASOCT parameters compared with gonioscopy for
identifying narrow angles and area under the receiver operating characteristic curve (AUC) for parameters measured with Scheimpflug imaging and SD-ASOCT in detecting narrow
angles using gonioscopy as the reference standard
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Angle classification in ASOCT hinges on accurate
localization of the scleral spur,34 as it is used as the
reference point for the relative position of trabecular
meshwork. Localization of the scleral spur can be
difficult, with closed angles and in the superior and
inferior angles.7,16 Even with identical criteria,
intraobserver variance in identifying the spur location
can be high. In our study, the rate of undetectable
sclera spur was 11.67%.
Fully automated edge detection algorithms for the
ACA are being developed in an attempt to address
this issue and have been described in ultrasound
biomicroscopy (UBM) images,35 but are not commercially
available on SD-ASOCT. ACV measurements using
Scheimpflug imaging are automated and do not require
manual identification of the scleral spur. Kurita et al20
recently reported that ACV had the highest
discriminating ability (AUC ¼ 0.943) in screening for
PAC and PAC suspects compared with UBM parameters.
Using a larger sample size, we compared the diagnostic
performance of ACV with SD-ASOCT angle
measurements, and found that ACV had the highest
discriminating ability (AUC ¼ 0.935) outperforming
AOD500 and TISA500 in detecting narrow angles.
We hypothesize that one of the reasons why ACV
outperformed SD-ASOCT parameters is because of the
ability of the rotating Scheimpflug camera to capture 50
slices through the anterior segment, and using this data
to calculate ACV. Angle parameter calculations using
SD-ASOCT are calculated, and are limited to single
cross-sectional images of the nasal and temporal
quadrants. Although in most cases this may represent the
overall nature of the angle as seen gonioscopically,
there are sectoral variations in eyes with uneven angle
configuration,17 which will be missed on single
SD-ASOCT images.
Our study has several limitations. The study group
was not population based and had a relatively small
sample size of 265 eyes, limited to Indian eyes. Validating
these findings in a more diverse population-based study
would be useful. For screening purposes, ideally the
specificity should be in the high 90s,36 a value which
none of the parameters in this study achieved.
Scheimpflug photography has its limitations in that it
cannot fully visualize the entire angle.19 This leads to the
location of the angle recess being estimated, and
extrapolation of data by the Pentacam software to
calculate the ACV.37 Additionally, as it uses visible light
to image the angle, it may lead to altered angle
configuration.38 Although repeatability of ACV
measurements has been demonstrated with an intraclass
correlation coefficient of 0.991,39 there are concerns
that as ACV is reported with no decimal places, it may
be affected by rounding error.40 Our results are not
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applicable to the superior and inferior angle quadrants,
as these were not imaged using SD-ASOCT. Also, we
measured the parameters only under dark conditions
and cannot report on the role of dynamic changes
induced by different lighting conditions. Use of external
fixation to center the iridocorneal angle in the
instrument’s field of view limits the precision for
absolute standardization and centration. The shorter
wavelength used in SD-ASOCT compared with
TD-ASOCT does not adequately penetrate highly
scattering tissue such as the sclera or iris, and thus may
not be optimal for ACA imaging. Although the increased
resolution of SD-ASOCT allows for identification of
the Schwalbe’s line, Schlemm’s canal, and trabecular
meshwork in some eyes, the depth and width of view
provided by SD-ASOCT precludes imaging of the entire
angle up to the iris root,41,19 which is most important
when screening for narrow angles. Angle images
acquired using the SD-ASOCT used in this study might
be prone to distortion, as they are not dewarped.
Although correlations between ACV, gonioscopy
grading and SD-ASOCT were statistically significant,
most of them represent low (ro0.30) to moderate
associations (ro0.50).42,43 The dynamic nature of the
anterior chamber might be partially responsible for the
low correlations as also the fact that SD-ASOCT images
were captured in just one cross-section through the angle
in each quadrant, which may not be representative of the
entire angle configuration in that quadrant.
Evidence-based medicine guidelines have suggested
the appropriateness of LR to judge the clinical utility
of test results.44,45 The large positive LR (8.63; 95%
CI, 7.4–10) suggests that an eye detected as having
narrow angles using ACV (r113 mm3) will have a
moderate chance of having narrow angles on gonioscopy.
The negative LR (0.11; 95% CI, 0.03–0.40) suggests that a
negative result on ACV (4113 mm3) could also be used
with moderate confidence to rule out narrow angles.
However, calculations of LRs depend on gonioscopy as
the reference, and its limitations as an imperfect standard
are well known. Even experienced examiners have
reported to have only a moderate agreement in
determining the angle width.46,47
In conclusion, ACV measurements using the
commercially available, automated software
demonstrated a high discriminative value in screening
for narrow angles. Improvement in image analysis
algorithms could allow for the development of ‘cutoff’
points for discriminating narrow angles, or at least
specific thresholds used to trigger a referral for
examination. Only longitudinal prospective studies
can accurately evaluate the predictive ability of these
parameters by determining whether eyes classified as
narrow angles, only by Scheimpflug or SD-ASOCT

imaging, are indeed at risk of developing PACG.34 While
keeping these limitations in mind, this study provides
data demonstrating the potential for using ACV as a
screening tool for narrow angles in an Asian Indian
population.
Summary
What was known before
K Pentacam can be used for anterior segment imaging,
anterior segment OCT can be used for angle imaging and
screening for narrow angles.
What this study adds
K Anterior chamber volume measurements using pentacam
can be used to screen for narrow angles and outperform
spectral domain anterior segment OCT angle
measurements in this regard.
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