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Abstract

Purpose This study compared the general
and ocular biometric characteristics of
normal, primary angle closure (PAC), and
primary angle-closure glaucoma (PACG)
patients to better understand the possible
relationship between differences in ocular
parameters that might predict risk for PACG
in PAC patients.

Methods One hundred normal, 90 PAC, and
90 PACG eyes were retrospectively reviewed.
General characteristics such as age, gender,
body height, body weight, blood pressure,
pulse, systemic diseases, and education level
were recorded. Ocular findings included
visual acuity, intraocular pressure, refraction,
cup to disc ratio, and ocular biometry. Ocular
biometry was obtained by A-scan
ultrasonography (Digital A/B scan 5500;
Sonomed Inc.). The parameters recorded
were anterior chamber depth (ACD), lens
thickness (LT), axial length (AXL), lens/axial
length factor (LAF), and relative lens position
(RLP).

Results Although the controls, PAC group,
and PACG group were found to be
significantly different in age (62.7 £ 9.8;
65.3+7.5; and 66.0 7.4, respectively), there
were no gender differences. With regard to
ocular parameters, the ACD tended to
decrease and the LT and LAF tended to
increase from normal to PAC to PACG. The
eyes of the PACG group had significantly
shallower ACD (P <0.001) and thicker lens
(P <0.001) than those of the PAC group.
While PAC had similar lens position to the
control group, PACG had more anteriorly
positioned lens than the PAC group

(P <0.001). Logistic regression analysis found
a significant association between a decrease
in ACD and increased risk of PACG (odds
ratio (OR) =3.59 for 0.2 mm decrease in ACD)

Y-Y Chen'?, Y-Y Chen®*, S-J Sheu®* and
P Chou’

as well as a significant association between
an increase in LT and increased risk of
PACG (OR =1.30).

Conclusions In addition to LT, a shallower
ACD owing to a change in RLP may have a
role in the progression from PAC to PACG.
Owing to the differences of certain biometric
characteristics between PAC and PACG,
A-scan ultrasonography might potentially

be used for the early detection of PACG in
PAC eyes.

Eye (2013) 27, 1070-1076; doi:10.1038/eye.2013.127;
published online 21 June 2013

Keywords: A-scan ultrasonography; ocular
biometry; primary angle-closure glaucoma;
primary angle closure

Introduction

Primary angle-closure glaucoma (PACG), which
is more common in Asia than in Western
countries, causes severe deficits in visual
function if it is not detected and treated early.!?
People with PACG are at 2.5 times higher risk of
blindness than those with primary open-angle
glaucoma.!=® Therefore, early detection of
PACG is important. While gonioscopy
examination is recognized as the gold standard
for identifying individuals at risk for PACG, it
requires highly trained ophthalmologists, who
are in short supply in developing countries.
However, A-scan ultrasonography, which is
portable and noninvasive, can measure the
ocular dimensions easily.*?

Several studies have used A-scan
ultrasonography to characterize PACG, most
comparing the ocular dimensions between
PACG and control eyes, and some comparing
ocular biometry among subgroups of PACG.
However, in these studies, the term ‘glaucoma’
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was defined only by elevated IOP, meaning that an eye
without visual field defect or optic neuropathy could be
classified into glaucoma based on an IOP of over
20mm Hg alone. Some studies also divided PACG into
subacute, acute, and chronic based on their clinical
symptoms only.8 In this classification, an eye was
defined as acute PACG because it had a sudden-onset
IOP elevation, even if the eye could possibly resolve to
normal function without any visual field or disc change.
Therefore, the nomenclature could not represent the
long-term severity of disease. Another problem with
these studies is that they used different PACG
classification systems, resulting in overlapping or
confusing diagnostic criteria. Together, these problems
explain the possible reason that the results of previous
studies on the A-scan biometry of PACG were
inconsistent and could not be compared.

In 2002, Foster et al’ proposed a new and stricter
definition of PACG, which placed emphasis on structural
and functional change, regardless of intraocular pressure.
According to that classification system, if a patient has an
eye with an occludable angle and a visual field defect
compatible with glaucomatous optic neuropathy, he or
she is diagnosed as having PACG. However, eyes with
occludable angle and evidence of trabecular meshwork
obstruction by the peripheral iris, but no damage to the
visual field and optic nerve, are classified as having
primary angle closure (PAC). Based on this definition,
PAC is less severe than PACG and could be a possible
precursor to PACG. While some studies have used
A-scan ultrasonography to study eye structure of PACG,
most have not adopted Foster’s diagnostic criteria in
their classifications. Therefore, in this study, we recorded
general patient characteristics and used A-scan
ultrasonography to characterize ocular biometry in
normal, PAC, and PACG eye groups to identify what
factors might increase the risk of PACG in PAC patients.
The results of such a study might make possible the early
detection of PACG and help delay the possible
progression of the disease.

Materials and methods

Reviewing all the medical charts of a glaucoma specialist
in our hospital between July 2009 and January 2010, we
identified the patients with PAC or PACG as possible
study subjects and identified patients with normal
healthy eyes or those with only cataract as possible
controls. We included all of those between 40 and 80
years old with a refractive error within + 8D of the
spherical equivalent and medical charts with complete
ocular examination data. Both possible study subjects
and possible controls were excluded if they had plateau
iris or a history of acute angle-closure glaucoma (AACG),
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or had received peripheral laser iridotomies or
intraocular surgery. Eyes with secondary glaucoma
mechanisms were excluded. We also excluded those who
were taking miotics because these drugs might confound
the biometric data by moving the lens—iris diaphragm
forward. Using a random table with odd numbers
representing right eyes and even numbers left eyes, we
chose one eye from each participant. In total, we enrolled
280 participants (90 with PACG, 90 with PAC, and 100
normal controls).

From the medical records, we collected general data
such as age, sex, body height, body weight, and
education level. We also recorded blood pressure data
and whether the subject had a systemic disease (eg,
diabetes or hypertension).

All patients had received visual acuity and refraction
examinations. Silt lamp, direct ophthalmoscope, and
gonioscopy examinations were performed by the same
glaucoma specialist. Intraocular pressure was measured
before pupil dilation by Goldmen applanation tonometry.

Patients were diagnosed as PAC and PACG groups
based on the criteria proposed by Foster.” An occludable
angle was defined as one in which >270° circumference
of the pigmented trabecular meshwork was invisible on
gonioscopy. A patient was assigned to the PAC group if
he or she had an occludable angle with features
indicating trabecular obstruction, such as peripheral
anterior synechiae (PAS), elevated intraocular pressure,
or patchy pigmented deposition on the trabecular
surface. Optic nerves and visual field had to be found to
be normal by direct ophthalmoscopy and by visual field
examination (Octopus perimeter, Interzeag Inc.,
Schlieren, Switzerland). A patient was assigned to the
PACG group if his or her eye had an occludable angle
and a visual field defect compatible with glaucomatous
optic neuropathy. Optic neuropathy was defined as a
vertical cup to disc ratio (CDR) >0.7 or asymmetry >0.2,
or neuroretinal rim width reduced to <0.1 CDR. Two
consecutive reliable visual field examinations performed
by Octopus G1 program were required to prove
significant glaucomatous defect, which was defined as a
cluster of three contiguous points with >5dB loss, two
adjacent points with >10dB loss or a difference of
>10dB across the nasal horizontal meridian at two
adjacent points.

Ocular biometric data were collected by A-scan
ultrasonography (Digital A/B scan 5500; Sonomed Inc.,
Lake Success, NY, USA) following standard procedures.
Briefly, after topical anesthesia was applied, the
ultrasound hand-held probe perpendicularly touched the
center of the cornea. At least five measurements of
anterior chamber depth (ACD), lens thickness (LT), and
axial length (AXL) were taken. Excluding outliers, we
averaged and recorded the most consistent readings. We
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further calculated the lens/axial length factor (LAF)
using the formula LT/AXL x 10. As such, LAF could be
regarded as a measure of relative LT. In addition, we
calculated relative lens position (RLP) using Lowe’s
formula (ACD +0.5LT)/AXL x 10.10

The patient characteristics and biometric data of all
three groups were first summarized descriptively as
mean and SD. One-way analysis of variance (ANOVA)
was used to assess the overall differences among the
three groups and Student’s t-test to compare the PAC
group with the other two groups. A P-value of <0.05
was considered significant. Furthermore, using logistic
regression analysis, we attempted to identify the
biometric parameters that might predict the risk of PACG
in PAC patients. Finally, we plotted receiver operating
characteristic curve (ROC curve) and calculated area
under curve, sensitivity, and specificity. All statistical
operations were performed using SPSS version 17.0
(SPSS Inc., Chicago, IL, USA).

Results

Of the 280 participants, 100 were the control, 90 were the
PAC, and 90 were the PACG. The general and ocular

characteristics of the eyes we studied are presented in
Table 1. The overall differences among the three groups
were assessed using one-way ANOVA and P-values
were also reported in Table 1. Age was significantly
different among the three groups (controls 62.7 +9.8
years; PAC 65.3+7.5 years; and PACG 66.0 7.4 years)
(P <0.05), while there was no significant group
differences in gender (P = 0.09). There were no significant
differences in percentage of diabetes or hypertension,
systolic pressure, diastolic pressure, or pulse rate. In all
three groups, IOP was well controlled with a mean of
14-15mm Hg. Although PAC and PACG patients were
significantly shorter and lighter than the control group,
there was no significant difference in body mass index
(P=0.12) among the three groups. As far as A-scan
biometry and refraction data were concerned, the three
groups had significantly different values. We could find
the trend of descending ACD, increasing LT, and
increasing LAF from control, PAC, to PACG. With regard
to refraction, we found a trend PAC group to more
hypermetropic than the controls but the PACG group to
be less hypermetropic than the PAC group.

Table 2 compares these parameters in PAC with those
of the other two groups with Student’s t-test. We also

Table 1 General and ocular parameters for normal, priamry angle closure, and primary angle-closure glaucoma

Control PAC PACG P-value
(n=100) (n=90) (n=90)
General characteristics

Age 62.71+9.8 653175 66.0+7.4 P<0.05
Gender P=0.09

Male (1, %) 39 (39.0%) 23 (25.6%) 35 (38.9%)

Female (1, %) 61 (61.0%) 67 (74.4%) 55 (61.1%)
Education (years) 95+£5.2 7.7+4.7 7.6+t44 P<0.05
Body height (cm) 160.3+7.7 156.6 £ 8.0 158.8£9.1 P<0.05
Body weight (kg) 6341104 59.8+10.4 59.6+10.7 P<0.001
Body mass index 24635 243+3.8 235+3.4 P=0.12
Diabetes mellitus (n, %) P=0.34

No 79 (79.0%) 78 (86.7%) 72 (80.0%)

Yes 21 (21.0%) 12 (13.3%) 18 (20.0%)
Hypertension (n, %) P=0.73

No 65 (65.0%) 60 (66.7%) 55 (61.1%)

Yes 35 (35.0%) 30 (33.3%) 35 (38.9%)
Systolic blood pressure (mm Hg) 132.6+19.7 130.9+19.2 134.6 +18.9 P=0.44
Diastolic blood pressure (mm Hg) 81.3+13.7 78.9+14.5 79.6 £10.6 P=042
Pulse 773119 774133 77.8£13.0 P=0.97

Ocular characteristics

Anterior chamber depth (mm) 3.11£0.29 2.58 £0.22 2.32+0.17 P<0.001
Lens thickness (mm) 4531043 4.99+0.28 5.13+£0.36 P <0.001
Axial length (mm) 23.76 £1.01 22.66+0.76 22.68 £ 0.80 P<0.001
Relative lens position 2.26+£0.13 2.24+0.10 2.15+0.08 P<0.001
Lens/axial length factor 1.91+£0.20 220+0.14 2.26+0.16 P <0.001
Cup to disc ratio 0.37£0.08 0.43+0.10 0.65+0.15 P<0.001
Refractive error —0.23£1.95 0.86+1.76 0.29+£2.15 P<0.01
Intraocular pressure (mm Hg) 145%+2.8 145127 15.2+3.3 P=02

Abbreviations: PAC, primary angle closure; PACG, priamry angle-closure glaucoma.
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Table 3 Computation of OR for PACG vs PAC, corresponding
to a change of ocular biometry

PAC vs PAC vs  PACG vs

control PACG control OR 95% CI
Age P<0.05 NS P<0.05 0.2mm decrease in ACD 3.59 2.41-5.37
Gender NS NS NS 0.2mm increase in LT 1.30 1.05-1.60
Education (years) P<0.05 NS P<0.05 0.2mm increase in AXL 1.01 0.94-1.09
Body height (cm) P<0.01 NS P<0.05 Abbreviations: ACD s chamber dent AXL. axial lonath: CI
Body weight (kg) P<0.05 NS P<0.05 reviations: , anterior chamber depth; , axial length; ,

Body mass index NS NS NS
Anterior chamber depth (mm) P<0.001 P<0.001 P<0.001

Lens thickness (mm) P<0.001 P<0.01 P<0.001
Axial length (mm) P<0.001 NS P<0.001
Relative lens position NS P<0.001 P<0.001
Lens/axial length factor P<0.001 P<0.05 P<0.001
Cup to disc ratio P<0.001 P<0.001 P<0.001
Refractive error P<0.001 NS NS

Intraocular pressure (mm Hg) NS NS P<0.05

Abbreviations: NS, nonsignificant, defined as P-value >0.05; PAC,
primary angle closure; PACG, priamry angle-closure glaucoma.

made the comparison between PACG and control group.
PACG eyes were significantly different from the control
group in every A-scan parameter but not in refraction.
PAC eyes were significantly different from control eyes in
ACD, LT, AXL, LAF, refraction (P <0.001), but not in RLP.
When PAC and PACG eyes were compared, AXL of the
PAC eyes was similar to that of the PACG eyes. However,
there was greater LT in the PACG group than in the PAC
group (P <0.01). Also, the relative LT, expressed as LAF,
was significantly higher in PACG eyes than in the PAC
group (P <0.05). Furthermore, the PACG group had
significantly shallower anterior chamber than the PAC
group (P <0.001). As for RLP, there was significant
difference in this parameter between the PAC and PACG
groups (P <0.001), while the PAC and control groups had
similar RLP.

Table 3, which summarizes age- and sex-adjusted odds
ratio (OR) of the possible predictors of PACG in PAC
patients, shows a significant association between
decreased ACD and increased LT and a greater odds of
developing PACG in PAC patients (OR =3.59 for a
0.2mm ACD decrease and OR=1.3 for a 0.2mm LT
increase). The only A-scan parameter not to be a
significant risk predictor was AXL (OR=1.01; 95%
confidence interval, 0.95-1.16).

Figure 1 shows the ROC curves for ACD, LT, AXL,
RLP, and LAF in the detection of PACG in both PAC and
PACG patients. We calculated AUC and summarized the
findings in Table 4. The greatest AUC was achieved with
ACD (AUC =0.813). The next best performance was
achieved by RLP (AUC =0.736), followed by LT
(AUC =0.661) and LAF (AUC =0.624). However, AXL
performed poorly (AUC =0.495). It can be learned that
an ACD <2.46 mm would have a sensitivity of 65.6% and
a specificity of 75.6%.

confidence interval; LAF, lens/axial length factor; LT, lens thickness; OR,
odds ratio; RLP, ralative lens position.
Logistic regression adjusted for age and gender.

Discussion

This study showed that a decrease in ACD was
associated with a greater odds of PACG (OR=3.59 for a
0.2mm decrease) and an increase in LT with a higher risk
of PACG (OR=1.3 for a 0.2mm LT increase) (Table 3).
The only A-scan parameter that was not a significant risk
predictor was AXL (OR =1.01; 95% confidence interval,
0.95-1.16). The PACG group had a greater relative LT
(LAF), a more anteriorly positioned lens, and a shallower
anterior chamber than the PAC group.

PACG is a common form of glaucoma in Asians,
Eskimos, and Inuits.>!1-13 In previous studies comparing
the ocular biometry of people with and without PACG
eye, 01419 those with PACG eye were found to have
ocular features predisposing them to the disease. These
features include a shallow anterior chamber, thick lens,
anterior positioning of lens, shorter axial length, small
corneal diameter, and a small corneal curvature radius.
However, most of these biometric studies were conducted
when glaucoma was defined only by elevated intraocular
pressure regardless of structural or functional change. In
2002, Foster’ proposed a classification in which the term
PACG was used only when there was disc and field
damage. Adopting this classification, we investigated the
differences in characteristics among a normal control
group and PAC and PACG groups. Of specific concern
was the ocular biometric differences between the PAC
and PACG groups. To the best of our knowledge, this is
the first study evaluating the differences of ocular
parameters between PAC and PACG, based on the clear
diagnostic distinction proposed by Foster.

In our study, PACG patients were significantly older
than the controls, a finding consistent with other studies.
PAC and PACG patients also had shorter body heights
than the controls. Several studies have investigated the
relationship between stature and ocular dimension.?02?
The Beijing Eye study reported a significant association
between a shallow ACD and a narrow anterior chamber
angle and short body stature.?’ The Singapore Malay Eye
study reported an association between longer AXL and
greater body height.?? The Tanjong Pagar survey in
Singapore also reported a significant association between
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Figure 1 Receiver operating characteristic curve demonstrating performance of different parameters (ACD, LT, AXL, RLP, and LAF)
in detecting PACG in both PAC and PACG patients.

Table 4 AUC for ACD, LT, AXL, RLP, and LAF in detecting

PACG
AUC 95% CI of AUC
ACD 0.813 0.752-0.873
LT 0.661 0.581-0.741
AXL 0.495 0.410-0.580
RLP 0.736 0.662-0.809
LAF 0.624 0.542-0.705

Abbreviations: ACD, anterior chamber depth; AUC, area under curve;
AXL, axial length; CI, confidence interval; LAF, lens/axial length factor;
LT, lens thickness; RLP, ralative lens position.

adult shortness and shallower ACD.2! Thus, a shorter
person may have smaller eyes, which might predispose
them to angle closure. In our study, the mean ACD of
PACG eyes was 2.32 mm, which was ~0.8 mm shallower
than that of control eyes (3.11 mm). The mean LT of
PACG was greater than 5.0 mm and that of the control
eyes 4.5mm, while mean AXL in PACG (22.68 mm) was
1.1 mm less than that of the controls (23.76 mm). Previous
studies in Taiwan conducted by Hung and Quigley had
similar results.!l1® In addition, the biometric values of
the PAC fell between those of the controls and the PACG
group, suggesting that having PAC might increase the
risk of developing PACG.

In order to identify which features predicted high-risk
for PACG in those with PAC, we compared the ocular
biometric measures of the PAC and PACG groups. While
the two groups had similar AXL, the PACG group had
significantly different RLP, shallower anterior chambers,
thicker lens, and a greater LAF than the PAC group. The
shallower ACD in PACG patients resulted from changes
in LT and position,!%?3 thus the two groups had
significant differences in every lens-related parameter.
Our computation of OR by logistic regression revealed
ACD and LT to be significant predictors of PACG in
people with PAC. The ROC curves confirmed that ACD
was the best predictor.

Eye

We had another interesting finding about refraction of
the control, PAC, and PACG groups. Previous studies
have found that people with hypermetropia are at
greater risk for angle closure.'%202* In our study, the
mean refraction of the control, PAC, and PACG groups
were —0.23D, +0.86D, and + 0.29D, respectively,
suggesting that our PAC was more hypermetropic than
the control group (P<0.001). We did not find trend
toward hypermetropia between the PAC and PACG
group. This lack of trend was because PACG patients had
significantly thicker lens and more anterior lens position
than the PAC group, but similar axial length. All these
factors work together to induce a myopic shift, possibly
masking the inherent trend toward hypermetropia.

These findings may be of clinical benefit. First, because
our study revealed that PACG eyes tended to differ
biometrically from PAC eyes, A-scan ulrasonography
might potentially be used as a screening technique for
prediction of disease progression. Second, in addition to
LT, a shallower ACD owing to a change in RLP may have
a role in the progression from PAC to PACG. Third,
because lens position, as well as LT and relative LT (LAF),
has an important role in differentiating PACG from PAC,
a lensectomy might be considered in PAC patients if their
biometric parameters predispose them to PACG, though
the effect of lensectomy would need further study to
verify its use.

This study has some limitations. The ocular
hypertension in our study may be attributed to angle
closure, thick cornea, or open-angle mechanism with
potential PAC. The first entity is what we want to study,
but the others may contaminate our results. In our study,
we did not routinely check central corneal thickness
(CCT). Therefore, some eyes, based only on the definition
of occludable angle with IOP elevation, might have been
classified as PAC when they might have been eyes of
thick cornea.?>"?” This misclassification might have
biased our results. However, when reviewing our



patients’ data, we found that all the PAC and PACG
patients had occludable angles with PAS or patchy
pigmentation of trabecular meshwork. In other words,
they showed anatomical evidence of angle closure,
regardless of IOP. Thus, the confounding effect of thick
cornea subjects should be minimal. In addition, when
reviewing our patients” data, we found all PAC patients
had normal IOP following further laser peripheral
iridotomies. It implied that originally the elevation IOP
was mostly owing to angle closure. Thus, the
confounding effect of open angle with potential PAC
should also be minimal.

Another limitation may be that we used A-scan
ultrasonography to obtain ocular biometry. Therefore,
our ACD value represented the distance from corneal
epithelium to anterior lens capsule. Strictly speaking, the
“True’” ACD, which is the distance from the corneal
endothelium to anterior lens capsule, should be
calculated by subtracting the CCT from the ACD.
However, we did not routinely measure CCT with
pachymetry, meaning that we could not obtain a true
ACD (tACD) for our analysis. It was possible that our
comparison results of ACD of the controls, PAC, and
PACG groups may have been affected by variation in
CCT. While this is possible, the Liwan eye study
conducted in southern China showed CCT did not differ
significantly in persons with PACG (546 + 29 ym) and
normal persons (540 + 31 um).?8 Pang et al*® and Aung
colleagues have also suggested that the CCT values
between PACG (541.3 £ 34 yum) and normal eyes
(536.7 £ 31 um) in Chinese subjects are not significantly
different. Thus, we can have the idea that CCT is similar
between angle-closure group and normal group.
Therefore, in our study, the sequence of mean ACD for
normal, PAC, and PACG group will not be changed after
a similar value of CCT is subtracted from ACD. To
confirm this was the case, we created a computer-
generated random block of CCT. The CCTs for each
group should approximate the normal distribution
described in a previous study (540 31 um in control
group, 546 £29 ym in PAC group, and 546 29 ym in
PACG group).28 Thus, we could get the tACD of each
subject and found the mean tACD would be 2.58 + 0.30,
2.04+0.22, and 1.78 £ 0.18 in normal, PAC, and PACG
groups, respectively (P <0.001). The PAC group had a
significantly shallower tACD than controls (P <0.001), as
did the PACG group (P <0.001). The PACG group also
had a significantly shallower tACD than the PAC group
(P<0.001). Finally, according to logistic regression
analysis, there was a significant association between
decreased tACD and a greater risk of developing PACG
in PAC patients (OR =3.60 for a 0.2 mm tACD decrease,
P <0.001). Thus, what variation there might have been in
CCT did not change our main findings in our study.
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Nevertheless, future studies should measure CCT for
sake of elegance and research conformity.

Still another limitation is our use of vertical CDR in the
diagnostic criteria for glaucomatous optic neuropathy.
Previous studies have reported interindividual variation
in optic disc size and in number of axons in the optic
nerve.’%3! Thus, the cutoff value of vertical CDR between
normal and glaucoma is higher is large discs and lower
in small discs. If a single cutoff value of vertical CDR is
used, misclassifications will occur as a result of different
disc sizes. Therefore, we also emphasized the
configuration of neuroretinal rim notch, which means
there was a focal reduction of neuroretinal rim width.
The requirement of functional evidence of glaucoma in
the form of a visual field defect would help reduce the
possibility of misclassification.

As this study is a retrospective study, we cannot draw
a definite causal relationship between biometric changes
and progression from PAC to PACG. Further prospective
studies are needed to confirm whether the differences we
found in the biometric parameters can predict the
likelihood that some people with PAC are at higher risk
of developing PACG than others. And, further research is
necessary to evaluate the effectiveness of A-scan
biometry in screening for early PACG in PAC patients.

Summary

What was known before
® PACG eyes have shallower ACD, thick lens, anterior
positioning of lens, and shorter acial length than the
normal eyes.

What this study adds

@ Adopting Fosters classification of PACG, we investigated
the differences in A-scan characteristics among normal,
PAC, and PACG groups.

® This is the first study evaluating the differences of ocular
parameters between PAC and PACG, based on the Foster
classification.

® We found the ocular biometric parameters might predict
risk for PACG in PAC patients.
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