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Ocular Biometry in Angle Closure
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Purpose: To compare ocular biometric parameters in primary angle closure suspects
(PACS), primary angle closure glaucoma (PACG) and acute primary angle closure
(APAC).

Methods: This cross-sectional study was performed on 113 patients including 33 cases
of PACS, 45 patients with PACG and 35 subjects with APAC. Central corneal thickness
(CCT), axial length (AL), anterior chamber depth (ACD) and lens thickness (LT) were
measured with an ultrasonic biometer. Lens-axial length factor (LAF), relative lens
position, corrected ACD (CACD) and corrected lens position were calculated. The
parameters were measured bilaterally but only data from the right eyes were compared.
In the APAC group, biometric parameters were also compared between affected and
unaffected fellow eyes. Logistic regression analysis was performed to identify risk factors.
Results: No statistically significant difference was observed in biometric parameters
between PACS and PACG eyes, or between affected and fellow eyes in the APAC group
(P>0.05 for all comparisons). However, eyes with APAC had thicker cornea (P=0.001),
thicker lens (P<0.0001), shallower ACD (P=0.009), shallower CACD (P=0.003) and larger
LAF (P<0.0001). Based on ROC curve analysis, lower ACD, and larger LT, LAF and
CCT values were associated with APAC. In the APAC group, LAF (P<0.0001) and CCT
(P=0.001) were significant risk factors.

Conclusion: This study revealed no significant difference in biometric characteristics in
eyes with PACS and PACG. However, larger LAF and CCT were predictive of APAC.
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INTRODUCTION

Primary angle closure glaucoma (PACG) is a
leading cause of blindness. By 2020, there will
be 80 million people affected by glaucoma, of
whom 26% will have PACG.! It is estimated that
PACG blinds two to five times more individuals
than primary open angle glaucoma.? Early
detection by effective screening, and appropriate
prophylaxis may prevent blindness from angle
closure glaucoma.

A considerable proportion of the population
(10.35%) have “occludable angles” which is
now termed primary angle closure suspect
(PACS) according to more recent definitions.?
An occludable angle may result in acute
primary angle closure (APAC) or PACG,
however some eyes never develop any sign of
glaucoma.* There is no exact explanation for this
observation. One possible mechanism is based
on ocular biometric characteristics. Although
biometric differences have been reported in
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different subtypes of PACG,”” few studies
have evaluated biometrics in eyes with PACS,
as compared to eyes with APAC or chronic
PACG. The current definition of PACS requires
at least 270 degrees of iridotrabecular contact on
gonioscopy.* He et al® reported ocular biometric
parameters in patients with PACS based on the
current definition. However, in other studies
the definition of PACS varies and none have
compared biometric parameters within subtypes
of angle closure.>***12 In this study, we compare
biometric parameters in eyes with PACS to eyes
with APAC and chronic PACG.

METHODS

This cross-sectional comparative study enrolled
patients with PACS, APAC and PACG who were
referred to the glaucoma clinic of a tertiary eye
care center. The study was approved by the
local Ethics Committee and informed consent
was obtained from all subjects. All patients
underwent an ophthalmologic examination
including slit lamp biomicroscopy, Goldmann
applanation tonometry, indentation gonioscopy
with a Sussman 4-mirror goniolens to detect
appositional or synechial closure, and
stereoscopic assessment of the optic disc with
a +78 diopter lens. All ocular examinations
and laser iridotomies were performed by one
surgeon (MRR) in all groups.

The diagnosis of APAC was based on classic
symptoms of acute-onset unilateral ocular pain,

blurred vision, headache, nausea, vomiting,
halos around lights, acutely elevated intraocular
pressure (IOP> 35 mmHg) accompanied
by red eye, corneal edema, shallow anterior
chamber, an unreactive mid-dilated pupil but
no glaucomatous optic neuropathy.> All patients
were offered laser peripheral iridotomy (LPI)
in both eyes. In the APAC group, LPI was
performed after IOP reduction using mannitol
serum and antiglaucoma medications, and
resolution of corneal edema. Three weeks after
LPI, a complete ophthalmologic examination
and biometry were performed.

Patients with PACG were characterized by a
shallow anterior chamber, a narrow angle with
synechiae, and typical glaucomatous optic nerve
head cupping and visual field defects. PACG
cases with history of APAC were excluded.
Subjects were classified as PACS if there was
>270 degrees of iridotrabecular contact without
peripheral anterior synechiae, glaucomatous
optic neuropathy or increased IOP.*

Exclusion criteria consisted of a history
of ocular trauma, prior intraocular surgery,
any intraocular disorder except for cataract,
secondary angle closure glaucoma, presence of the
“double-hump” sign on indentation gonioscopy
indicating plateau iris configuration, evidence
of active keratitis or anterior segment pathology
precluding gonioscopy and fundus examination,
and the use of miotics or anticholinergics.

Pachymetry was performed on the central
cornea using an ultrasonic pachymeter (Paxis,

Table 1. Biometric parameters and central corneal thickness in affected and fellow eyes of patients with acute primary

angle closure

Biometric Parameters Affected Eyes Fellow Eyes P value
Central corneal thickness (microns) 556.81+38.51 555.32+22.91 0.860
Anterior chamber depth (mm) 2.52+0.22 2.56+0.19 0.426
Corrected anterior chamber depth (mm) 1.96+0.23 1.99+0.19 0.657
Lens thickness (mm) 4.86+0.30 4.90+0.32 0.630
Axial length (mm) 21.76+1.30 21.80+1.21 0.898
Vitreous depth (mm) 14.40+1.26 14.35+1.33 0.873
Lens position 4.95+0.23 5.02+0.23 0.299
Corrected lens position 4.39+0.24 4.46+0.23 0.279
Relative lens position 2.28+0.19 2.31+0.21 0.615
Lens/ Axial length factor 2.23+0.16 2.25+0.21 0.702
Intraocular lens power (diopters) 24.77+4.16 24.48+3.87 0.774
Mean keratometry (diopters) 45.31+2.13 45.35+1.99 0.935

mm, millimeters
Values are presented as mean + standard deviation
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Biovision Inc., Clermont-Ferrand, France). Ten
measurements were performed and the lowest
reading was used as central corneal thickness
(CCT). The lowest reading most likely reflects
perpendicular placement of the pachymeter probe
and therefore the most accurate measurement.

Contact (non-immersion) ultrasonic
biometry was performed (Echoscan US-800,
Nidek Co. Ltd, Gamagori, Japan) to measure
axial length (AL), anterior chamber depth
(ACD), lens thickness (LT) and vitreous depth
(VD). Six measurements were performed per
subject; if the standard deviation (SD) of these
measurements was 0.12 mm or greater, all
six readings were discarded and the process
was repeated until the SD was less than 0.12
mm.'* The measured parameters were used to
calculate corrected ACD (CACD=ACD-CCT),
lens-axial length factor (LAF=LT/ALx10), lens
position (ACD+%LT), relative lens position
(RLP=[ACD+%LT]/ALx10), and corrected lens
position (CLP=CACD+% LT).!15

Statistical analysis was performed using the
Statistical Package for Social Sciences software
version 17 (SPSS v17, IBM Corp., New York,
NY, USA). Categorical data were compared
using the Chi-square test and numerical
data were compared employing the one-way
ANOVA and Student t-test. P values less than
0.05 were considered as statistically significant.
Mean values were reported with standard
deviation (mean+SD). Biometric parameters

were measured in both eyes of all patients, but
only data from the right eyes were analyzed for
intergroup comparisons. In the APAC group,
biometric parameters were also compared
between affected and unaffected fellow eyes.

Receiver operating characteristic (ROC)
curves were plotted for each biometric
variable as a predictive factor for APAC.
The best sensitivity/specificity relation was
tested by definition of different cut-off points.
The biometric parameters with statistically
significant differences among the study groups
were used to build a binary logistic regression
analysis model to predict the risk of APAC.
Calibration of the model was performed using
the Hosmer & Lemeshow test, ROC curve
area, and Nagelkerke R square. LAF and CCT
variables remained in the model [probability
of APAC= 1/(1+e?], where z = constant + B; x
LAF + B, x CCT. The area under ROC curves
for predicted probabilities, and the Nagelkerke
R square were 0.839 and 0.419, respectively.

RESULTS

One hundred and forty-eight eyes of 113 eligible
subjects were evaluated; these included 33
eyes with PACS, 45 eyes with PACG, 35 eyes
with APAC and 35 unaffected fellow eyes
of patients with APAC. APAC cases were
significantly (P=0.025) younger (54.50+9.67
years) than patients with PACG (60.79+9.03

Table 2. Demographic and biometric parameters in the study groups

Parameter APAC PACG PACS P value
Age (years) 54.50+9.67 60.79+9.03 58.54+9.03 0.025
Sex (Male/Female) 8/27 12/33 7/26 0.843
Central corneal thickness (microns) 556.81+38.51 524.75+38.59 533.56+26.57 0.001
Anterior chamber depth (mm) 2.52+0.22 2.72+0.35 2.65+0.21 0.009
Corrected anterior chamber depth (mm) 1.96+0.23 2.20+0.37 2.13+0.18 0.003
Lens thickness (mm) 4.86+0.30 4.54+0.47 4.56+0.22 <0.0001
Axial length (mm) 21.76+1.30 22.09+1.06 22.14+0.88 0.287
Vitreous depth (mm) 14.40+1.26 14.87+1.00 14.90+0.79 0.084
Lens position 4.95+0.23 4.97+0.30 4.95+0.20 0.936
Corrected lens position 4.39+0.24 4.43+0.32 4.42+0.20 0.796
Relative lens position 2.28+0.19 2.25 +0.13 2.23+0.08 0.432
Lens/ Axial length factor 2.23+0.16 2.05+0.23 2.06+0.11 <0.0001
Intraocular lens power (diopters) 24.77+4.16 23.46+3.15 23.66+2.39 0.194
Mean keratometry (diopters) 45.31+2.13 45.33+2.08 45.01+1.72 0.751

APAC, acute primary angle-closure; PACG, chronic angle-closure glaucoma; PACS, primary angle-closure suspect

mm, millimeters
Values are presented in mean + standard deviation
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years) and PACS (58.54+9.03 years). There was
no statistically significant differences in terms
of gender among the 3 groups (P=0.843). All
biometric parameters and CCT values were
comparable between affected and fellow eyes in
the APAC group (Table 1). Biometric parameters
and multiple comparisons among the three
study groups are presented in Tables 2 and 3,
respectively. The APAC group had statistically
significantly thicker cornea (P=0.001) and lens
(P<0.0001); and shallower ACD (P=0.009) and
CACD (P=0.003) as compared to the PACS and
PACG groups (Fig. 1). There was no significant
difference in lens thickness between the PACG
and PACS groups (P=0.801). LAF was greatest

in the APAC group (P=<0.0001) due to thicker
lens but comparable axial length as compared
to other groups.

DISCUSSION

Ocular biometric studies have shown that eyes
with PACG have several different characteristics
as compared to normal eyes, such as a shallower
anterior chamber,'>'® thicker lens,'®*® more
anterior LP'®1720 and shorter AL.'*'® However,
biometric differences between eyes with PACS
and PACG, and risk factors for APAC or PACG
versus PACS have not been widely evaluated.

As shown in Table 5, the definition for

Table 3. Results of least significant difference in age and biometric parameters by post hoc multiple comparisons

among the study groups (ANOVA)

Mean difference (P-value)

APAC vs. PACG

APAC vs. PACS

PACG vs. PACS

Age -6.29545 (0.007) -4.04545 (0.0097) 2.25000 (0.291)
Central corneal thickness (microns) 32.05645 (0.000) 23.24395 (0.010) -8.81250 (0.295)
Anterior chamber depth (mm) -0.20124 (0.002) -0.12596 (0.071) 0.07527 (0.248)
Corrected anterior chamber depth (mm) -0.24142 (0.001) -0.17060 (0.020) 0.07081 (0.297)
Lens thickness (mm) 0.32318 (0.000) 0.30156 (0.001) -0.02162 (0.801)
Axial length (mm) -0.32908 (0.187) -0.38310 (0.154) -0.05402 (0.831)
Vitreous depth (mm) -0.47031 (0.050) -0.49860 (0.054) -0.02830 (0.907)
Lens position -0.0151 (0.794) 0.00505 (0.937) 0.02055 (0.734)
Corrected lens position -0.04359 (0.502) -0.02732 (0.687) 0.01627 (0.798)
Relative lens position 0.03317 (0.326) 0.04495 (0.218) 0.01178 (0.731)
Lens/Axial length factor 0.017972 (<0.001) 0.17363 (<0.001) -0.00609 (0.887)
Intraocular lens power 1.30448 (0.084) 1.10448 (0.173) -0.20000 (0.793)
Mean keratometry -0.02217 (0.961) 0.30120 (0.537) 0.32337 (0.483)

ANOVA, analysis of variances; APAC, acute primary angle closure; PACG, primary angle closure glaucoma

PACS, primary angle closure suspect; mm, millimeters
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Figure 1. Anterior chamber depth (A) and corrected anterior chamber depth (B) in patients with acute primary angle
closure glaucoma (APAC), primary angle closure glaucoma (PACG) and primary angle closure suspects (PACS).
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Table 4. The results of receiver operating characteristic curve analysis for each biometric variable

Variable Area under curve  Pvalue Cut-off point  Sensitivity (%)  Specificity (%)
Corrected anterior chamber depth 0.716 0.001 <2.028 70 68.1
Anterjor chamber depth 0.680 0.004 <2.555 60 65.3
Vitreous depth 0.621 0.044 <14.765 67.6 56.6
Lens thickness 0.726 <0.0001 >4.665 67.6 60.5
Intraocular lens power 0.575 0.203 — e —
Axial length 0.571 0.231
Lens axial-length factor 0.760 <0.0001 >2.139 73.5 71.1
Relative lens position 0.520 0.741
Central corneal thickness 0.734 <0.0001 >540.500 742 70.8
Mean keratometry 0.488 0.845 P
Table 5. Studies reporting ocular biometrics in angle closure
Mean age Lens Anterior . .
Authors rﬁ;;lll)l:’s Definitions (standafd (i}(l:)T thickness chamber 11::;}1 1eLr.2:./glc::)r
deviation) (mm) depth (mm)
Heetal” PACS; 72 270 degrees of posterior NP 4.7 2.05 22.5 NP
pigmented TM not visible
Sihotaetal® PACS; 19 > 180 of posterior 37.19 (10.5)  560.98 4 3.06 23.21 NP
ACG,; 34 pigmented TM non visible 49.3 (14.4) 542.51 4.04 2.87 22.58 NP
Ramani etal’ PACS; 57 >180 degrees of posterior ~ 52.4 (10.3) 480 4.27 224 22.23 2.1
pigmented TM not visible
Lan et al* AACG; 33 65.9 (8.5) NP 5.1 2.25 22.39 2.22
CACG; 41 63.9 (9.3) NP 4.84 2.69 23.13 2.23
Lim et al' AACG;73 61 (10.9) NP 5.01 2.11 21.86 2.1
Occludable <180 degrees of posterior ~ 4.43 (9.23) NP 44 2.53 22.07 1.99
angle; 143 pigmented TM not visible
Georgeetal® ACG; 22 Occludable angle + IOP>  57.45 (8.5) NP 4.23 2.63 21.92 1.91
22 mmHg
Ramani et al! PACS; 82 >180 degrees of posterior ~ 52.1 (10) 480 4.23 2.43 22.1 2.1
pigmented TM not visible
Salmon et al® CACG; 46 63.26 NP 4.73 2.24 2243 2.11

CCT, central corneal thickness; NP, not provided; mm, millimeters; PACS, primary angle closure suspect; ACG, angle closure
glaucoma; AACG, acute angle closure glaucoma; CACG, chronic angle closure glaucoma; TM, trabecular meshwork

PACS in previous studies has not been uniform
or standardized. George et al® evaluated ocular
biometric values in 148 patients with occludable
angles (defined as an eye in which less than
180 degrees of the filtering trabecular meshwork
was visible before indentation) and 22 patients
with angle closure glaucoma (defined as IOP >21
mmHg in the presence of an occludable angle).
These authors reported no significant difference
in AL, ACD or LT between these groups. It
should be emphasized that the current definition
of glaucoma differs from what George et al®
proposed in their study. In fact, subjects who
had been classified as glaucoma had primary
angle closure using current classifications.
Sihota et al’ defined PACS when >180 degrees
of posterior pigmented trabecular meshwork not
visible and reported an ACD of 3.06 mm in 19

patients. This high value for ACD may be due to
their definition for PACS.’ The current definition
of PACS is applied when =270 degrees of the
posterior pigmented trabecular meshwork is
not visible on gonioscopy. The only study that
included PACS patient using current definitions
was published by He et al.® In their study, mean
ACD was 2.05, lower than 2.65 in our patients.
Additionally, the lens was thicker (4.7 vs. 4.56)
and AL was higher (22.5 vs. 22.14) in the report
by He et al® as compared to our study. The
differences between our study and He et al’s are
likely due to different sets of patients (Chinese
vs. Iranian), selecting one best measure from
multiple measurements in He et al’s compared to
averaging multiple measurements in our study,
and using a higher standard deviation (<0.13)
than that of our study (<0.12) for selecting
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measurements. In the present study ACD was
lower in PACS as compared to APAC.

In our study, there was no statistically
significant difference in AL among the 3
groups. Based on this observation, it seems
that either lens thickness or lens position should
be the leading factor predisposing to APAC.
The shallower ACD in APAC is in part due
to thicker and more anterior position of the
crystalline lens.'® A thick lens plays an essential
role in the pathogenesis of angle closure by
causing a decrease in ACD, resulting in angle
crowding.*!” The relative size of the lens is
represented by LAF. Although in our study
there was no difference in LAF between PACG
and PACS, this value was greater in the APAC
group. There was no difference in LP (P=0.936)
and RLP (P=0.432) among the three groups.
However, a significant difference was found in
LT (P<0.0001) and LAF (P<0.0001). Considering
the lack of significant difference in axial length
among the three groups, the main determinant
of shallow anterior chamber seems to be lens
thickness. The regression model for predicting
APAC versus PACS and PACG showed the
significant contribution of LAF in our series.
However, the association between various lens
parameters such as LP, RLP and LAF has not
been established conclusively, and there have
been conflicting reports on the importance of
LP and RLP in angle closure.®”91517

It has been well documented that female
subjects are more susceptible to angle closure
glaucoma.?! Although there were more female
patients in all groups in our study, no significant
difference in gender was found among the
groups. Patients with APAC were significantly
younger than those with PACS and PACG.
Shallower ACD and CACD, thicker lens and
greater LAF may be factors precipitating an
acute attack at younger age.

Alsbirk'® and Lee et al" found no significant
difference in anterior chamber biometric
parameters comparing eyes with APAC to fellow
eyes, or to patients with subtypes of PACG. Two
studies have reported that APAC eyes have
shallower ACD, more anterior LP and lower RLP
values as compared to unaffected fellow eyes.!??
Merula et al® evaluated 30 patients with APAC

and reported a difference only in LP between
affected and fellow eyes. The lens in APAC
eyes was located more anteriorly as compared
to fellow eyes. Although biometric parameters in
the present study were not significantly different
between APAC and fellow eyes, values for
ACD, CACD, AL, LP and CLP were lower and
those for LT and LAF were higher in affected
eyes. This may be due to limited sample size or
there may be other physiologic factors that are
important in triggering an acute attack.

Previous studies have not presented
information on CCT. In our patients average
CCT in the APAC group (555p) was significantly
larger than PACG (524pn) and PACS (533p).
Hence, CACD in APAC was significantly
shallower than the other groups. Considering
the fact that CCT was comparable in affected
and fellow eyes in the APAC group, the thicker
cornea cannot be secondary to an acute attack.
According to the ROC curve for CCT, patients
with CCT greater than 540.5 p were at higher
risk of APAC with sensitivity of 74.2% and
specificity of 70.8%. In the logistic regression
model, CCT was a significant predictor (as was
LAF) for discriminating APAC. Additionally,
CACD less than 2.02mm was associated with a
greater risk of developing APAC with sensitivity
of 70% and specificity of 68.1%.

Lowe?* and Alsbirk® reported that PACG
was uncommon in eyes with central ACD >2.5
mm. It has been suggested that measurement of
ACD can be applied for screening angle closure
glaucoma.?*? The APAC group in our study,
had deeper ACD (2.52 vs. 2.25 and 2.11lmm
respectively) and smaller LT (4.86 vs. 5.1 and
5.0lmm respectively) as compared to other
reports.>!! Patients with ACD<2.55 mm and
LT>4.66 mm were at higher risk of APAC, with
sensitivity of 60% and 67.6%, and specificity of
65.3% and 60.5%, respectively.

Limitations of the current study include
performing biometry after LPI in the APAC
group, limited sample size, and the drawbacks
inherent to a hospital-based study. Although
previous studies?®?* have failed to demonstrate
significant changes in biometric parameters
before and 2 weeks after laser iridotomy, it has
been reported that laser iridotomy deepens the
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peripheral anterior chamber without any effect
on central ACD." Therefore, the results seem to
be comparable to what would have been found
prior to iridotomy.

Our study demonstrated that eyes with
APAC were characterized by a more crowded
anterior segment as compared to eyes with
PACG and PACS, but there was no significant
biometric difference between eyes with PACG
and PACS. LAF, which reflects relative lens
thickness, was found to be the main factor
associated with APAC. In addition, CCT was
greater in APAC and consequently CACD was
shallower which appears to play an important
role in the development of an acute attack. It
is logical to take into account CCT in biometric
evaluation of patients with PACS or APAC. The
lack of difference in biometric characteristics
between PACG and PACS in our study does
not preclude the importance of these factors in
progressing from PACS to PACG; it is possible
that biometric differences were subtle and not
detectable using our methods and setting.
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