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Abstract

Background: With the use of ultrasound biomicroscopy, we aim to look at differences
in anterior segment parameters of eyes with primary open angle glaucoma (POAG) and
primary angle closure glaucoma (PACG) in dark and light conditions.

Methods: Ultrasound biomicroscopy was performed for 30 subjects with PACG and 30
subjects with POAG at initial presentation before any treatment. Measurements of angle
opening distance (AOD-500 and AOD-750) and trabecular-iris space area (TISA-500 and
TISA-750) 500 and 750 mm from the scleral spur in both dark and light conditions were
made. Anterior chamber depth (ACD) and axial length (AL) were also measured.

Results: The mean age of PACG patients was 67.6 + 9.6 years and POAG patients 62.1 +
13.9 years. The mean ACD (2.70 + 0.53mm) in PACG patients was significantly different
from that (3.32 + 0.52mm) of POAG patients (p<0.0001). There were also significant differ-
ences (p=0.0004) in the mean AL of PACG (22.91 + 0.86mm) and POAG (24.47 + 1.67mm)
patients. Significant differences between POAG and PACG eyes were found for TISA-500,
TISA-750, AOD-500 and AOD-750 in both light and dark conditions (p<0.001 for all).
The light-dark differences in PACG eyes were smaller than that of POAG eyes for all AOD
and TISA values in the inferior, superior, nasal and temporal quadrants. However, with
the exception of AOD-750 in the inferior quadrant (p=0.0524), there were no significant
differences in light-dark changes between POAG and PACG eyes for all parameters in the
4 quadrants.

Conclusions: Ultrasound biomicroscopy is a useful tool in the diagnosis and manage-
ment of glaucoma. We found significant differences in mean AL, ACD, TISA-500, TISA-750,
AOD-500 and AOD-750 between PACG and POAG eyes. However, there were no significant
differences between PACG and POAG eyes in terms of light-dark difference in anterior
segment parameters, except for AOD-750 in the inferior quadrant. Further evaluation of
the above findings could be done in future with a larger population
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Introduction
Ultrasound biomicroscopy (UBM) is a useful tool in the diagnosis and management
of glaucoma, and has revolutionized the evaluation of the anterior segment of the
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eye.'It has the capacity to produce high-quality images of anterior segment param-
eters, and readily images the ciliary body and other structures behind the iris, thus
contributing greatly to our understanding of glaucoma and other anterior segment
disorders.

The reproducibility of anterior chamber angle measurements of UBM has been
shown to be comparable with anterior segment optical coherence tomography
(ASOCT).2 There have been numerous articles describing and comparing these
anterior segment imaging tools.>* The analysis of angle closure eyes with ASOCT
and UBM has also been described, showing them to be highly sensitive in detecting
angle closure when compared with gonioscopy.®® However, there have not been
any studies comparing anterior segment parameters of primary open-angle
glaucoma (POAG) and primary angle-closure glaucoma (PACG) patients at initial
presentation with UBM.

Our study aims to look at differences in anterior segment parameters of eyes with
POAG and PACG in both dark and light conditions.

Methods

This was a prospective comparative study of new patients with POAG or PACG, who
presented to the National University Health System, a tertiary eye care center in
Singapore, from January 2002 to June 2009. These were newly-diagnosed patients,
with no previous treatment or laser therapy done. The patients, who presented with
unrelated eye conditions, were found to have clinical signs suggestive of glaucoma.
They were referred from general ophthalmology clinics and community screening
programs for diabetes mellitus and glaucoma, as they were found to have suspi-
cious discs or raised intraocular pressure (IOP).

Ethics approval was obtained from the ethical review board of the National
University Hospital Singapore, and written informed consent was obtained from all
subjects. The work was carried out in accordance with the World Medical Associa-
tion’s Declaration of Helsinki.

Thirty consecutive patients with PACG, and 30 consecutive subjects with POAG
were recruited. PACG was defined as visual field defect, glaucomatous optic neurop-
athy and at least one recorded IOP > 21 mmHg (among three readings taken) in
the presence of an occludable angle and peripheral anterior synechiae (PAS). An
occludable angle was defined as one in which the posterior, usually

pigmented, trabecular meshwork was not seen over 270 degrees or more of the
angle without indentation.'®''Patients were asymptomatic at the time of presenta-
tion with no symptoms of acute attacks such as headache, nausea, vomiting and
eye pain. Visual field defect consisted of either two points reduced by > 5 dB or
one point reduced by > 10 dB below the age-specific threshold.’®'? Secondary
causes for angle closure, including iris neovascularization, lens intumescence,
posterior segment mass, prior penetrating trauma and previous cataract or other
ocular surgery, were excluded. Patients with serious medical conditions were also
excluded from the study. POAG was defined as visual field defect, glaucomatous
optic neuropathy and at least one recorded IOP > 21 mmHg (among the three
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readings taken) in the presence of an open angle.

All subjects recruited underwent UBM imaging of the eye(s) with either the
Humphrey P40 or the Sonomed UBM. After instilling 2% tetracaine drops in the eye,
a plastic eyecup was placed on the sclera and sterile normal saline placed in the eye
cup to form a water bath, taking care not to exert pressure on the globe. The UBM
probe was placed in the saline reservoir perpendicular to the ocular surface and
scanning was performed in the supine position. The contralateral eye was fixated
on a distant target on the ceiling to maintain accommodation. The gain was set
between 60 and 80 dB to maximize the view of the imaged structures and minimize
noise. Images of the central anterior chamber, as well as the superior, inferior,
nasal and temporal angle quadrants were captured. Imaging of all quadrants was
performed in both light and dark conditions (Figs. 1 and 2).

Fig. 1. Ultrasound biomicroscopic images of the superior angle of a patient with PACG in dark(A)

and light(B) conditions. Angle posterior to scleral spur (white arrow) shows iridocorneal contact

in dark (A); Angle posterior to the scleral spur (white arrow) shows slight opening in light but the
angle recess is still closed (B).
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Fig. 2. Ultrasound biomicroscopic images of the inferior angle of a patient with POAG in dark(A)
and light(B) conditions. Angles posterior to scleral spur (white arrow) are open.

A customized software (Anterior Segment Analysis Program, ASAP, National
University Health System, Singapore) was used in this study. This was coded as
a plug-in software under ImageJ (version 1.38x), which is a public domain Java
program (available at http://rsb.info.nih.gov/ij; National Institutes of Health,
Bethesda, MD). ASAP automatically calculated anterior segment parameters using
the scleral spur as reference point by a single observer.

Measurements made included anterior chamber depth (ACD), axial length (AL),
and angle opening distance (AOD-500 and AOD-750), defined as linear distance
between trabecular meshwork and iris at 500um and 750um anterior to the scleral
spur (Fig. 3). In addition, trabecular-iris space area (TISA-500 and TISA-750) was
measured, defined as a trapezoidal area with the following boundaries: anteri-
orly as the AOD 500 or AOD 750; posteriorly as a line drawn from the scleral spur
perpendicular to the plane of the inner scleral wall to the opposing iris; superiorly
as the inner corneosceral wall; inferiorly as the iris surface.
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Fig. 3. Diagrammatic representation of anterior segment cross section.

Results

The mean age of PACG patients was 67.6 + 9.6 years and POAG patients 62.1 +
13.9 years. The proportion of male and females among PACG patients was 40.0%
and 60.0%, and among POAG patients 68.8% and 31.2%, respectively. Among our
patients, 8.2% had a family history of glaucoma. The IOP at presentation (mmHg)
was 24.50 + 3.30 for POAG eyes and 26.90 + 6.90 for PACG eyes. Best-corrected
visual acuity (logMAR) for POAG and PACG eyes were 0.15 £ 0.19 and 0.17 £ 0.16
respectively. Corneal thickness (mm) was 0.45 + 0.23 and 0.57 + 0.40 for POAG and
PACG eyes correspondingly. The mean ACD (2.70 £ 0.53 mm) in PACG patients was
significantly different from that (3.32 £ 0.52 mm) of POAG patients (p < 0.0001).
There were also significant differences (p = 0.0004) in the mean AL of PACG (22.91 +
0.86 mm) and POAG (24.47 + 1.67 mm) patients.

Table 1 shows the difference in anterior segment parameters of POAG and PACG
in dark condition, while Table 2 shows that in light condition. Significant differences
between POAG and PACG eyes were found for TISA-500, TISA-750, AOD-500 and
AOD-750 in both light and dark conditions (p < 0.001 for all).

Table 1. Difference in anterior segment parameters of POAG and PACG in dark condition.

Mean difference

PACG POAG el p
TISA-500
(10°um)  [3.0(9.01) 41.8(38.10) |-38.87 (-45.94,-31.79) |<0.001
TISA-750
(10%um) | 16.7(87.10) |94.9(72.75) |-78.15(-98.72,-57.58) |< 0.001
AOD-500 -180.56
(10°um)  [24.9(62.65) |205.4(137.10) | (-207.79,-153.33) <0.001
AOD-750 -297.42
(103um) [ 71.3(206.41) | 368.8 (204.90) | (-350.06, -244.78) <0.001
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Table 2. Difference in anterior segment parameters of POAG and PACG in light condition.

PACG POAG :\gelz;m difference o

TISA-500 | 4.2(12,27) 44.8 (41.26) -40.60 (-48.44,-32.77) < 0.001
(103um)

TISA-750 | 19.9 (89.13) 104.6 (80.57) -84.73 (-106.53,-62.94) | <0.001
(10°pum)

AOD-500 | 284 (67.36) | 210.0(139.69) | -181.59 <0.001
(10°um) (-209.77,-153.41)
AOD-750 | 71.0(139.82) | 404.4 (204.88) | -333.41 <0.001
(10°um) (-378.43,-288.39)

The univariate analyses for anterior segment parameters in dark and light
conditions are shown in Tables 3 and 4, respectively. The B coefficient of age was
negative and significant (p < 0.05) for all parameters, indicating that increasing age
was associated with decreasing TISA-500, TISA-750, AOD-500 and AOD-750 values.
The B coefficient of AL and ACD were positive and significant for all parameters,
implying that increasing AL and ACD led to increasing TISA-500, TISA-750, AOD-500
and AOD-750 values. Similarly, the last column of diagnosis revealed that patients
with POAG had larger TISA-500, TISA-750, AOD-500 and AOD-750 compared with
PACG patients. In contrast, the p-values of gender showed that gender did not have
a significant influence on TISA-500, TISA-750, AOD-500 and AOD-750.

Table 5 shows the light minus dark difference for anterior segment parameters
in POAG and PACG eyes. The light-dark differences in PACG eyes were smaller
than that of POAG eyes for all AOD and TISA values in the inferior, superior, nasal
and temporal quadrants. However, with the exception of AOD-750 in the inferior
quadrant (p = 0.0524), there were no significant differences in light-dark changes
between POAG and PACG eyes for all parameters in the four quadrants.
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Table 3. Univariate analysis for anterior segment parameters in dark condition.

Univariate Linear regression analysis
B coefficient (p-value)*

Age Gender AL ACD Diagnosis
P- pP- P- P- pP-
B value B value B value B value B value
TISA- | -0.001 | 0.031 0.009 | 0.231 | 0.007 | 0.011 | 0.022 | <0.001 | 0.038 | <0.001
500
TISA- | -0.002 | 0.029 | 0.011 | 0.530 | 0.016 | 0.014 | 0.045 | <0.001 | 0.076 | <0.001
750
AOD- | -0.003 | 0.015 0.059 | 0.048 | 0.023 | 0.047 | 0.076 | <0.001 | 0.168 | <0.001
500
AOD- | -0.006 | <0.001| 0.042 | 0.424 | 0.048 | 0.017 | 0.131 | <0.001 | 0.282 | <0.001
750
Table 4. Univariate analysis for anterior segment parameters in light condition.
Univariate Linear regression analysis
B coefficient (p-value)*
Age Gender AL ACD Diagnosis
P- pP- P- P- pP-
B value B value B value B value B value

TISA- | 0.000 | 0.274 | 0.010 | 0.230 | 0.008 | 0.013 | 0.023 | <0.001 | 0.040 | <0.001
500
TISA- | -0.001 | 0.169 | 0.029 | 0.125 | 0.020 | 0.004 | 0.045 | 0.013 0.079 | <0.001
750
AOD- | -0.002 | 0.163 0.046 | 0.134 | 0.025 | 0.041 | 0.072 | 0.011 0.177 | <0.001
500
AOD- | -0.004 | 0.081 0.088 | 0.109 | 0.053 | 0.012 | 0.147 | 0.003 0.319 | <0.001
750
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Table 5. Light minus dark difference for anterior segment parameters in PACG and POAG eyes.

Light minus dark Light minus dark
difference for difference for
PACG POAG P
Mean + sd Mean + sd
Inferior (um) TISA500 | 0.0003468 +0.005891 | 0.005264 +0.03829 | 0.514
AOD500 | 0.002738 +0.05647 0.05234 £0.1922 0.1949
TISA750 | 0.00001724 +0.01280 | 0.01194 +0.08463 0.4708
AOD750 | 0.001566 +0.09141 0.1008 + 0.2488 0.0524
Superior (um) TISA500 | -0.0004967 + 0.0124 0.005264 + 0.03829 | 0.6928
AOD500 | -0.01060 + 0.04441 0.02037 £0.1530 0.2914
TISA750 | 0.0008567 + 0.2424 0.01860 + 0.06145 0.7122
AOD750 | -0.03687 + 0.3998 0.04158 +0.2033 0.3668
Nasal (um) TISA500 | -0.001036 + 0.005803 -0.002475 +0.03350 | 0.8193
AOD500 | 0.003453 +0.02903 -0.02670 +0.1519 0.2959
TISA750 | -0.0007300 +£0.01319 | -0.003983 £ 0.06541 | 0.7916
AOD750 | -0.002480 + 0.1207 0.01481 £ 0.2553 0.7312
Temporal (um) | TISA500 | 0.005980 + 0.01677 0.006687 + 0.04489 | 0.9274
AOD500 | 0.01935 +0.09473 -0.02573 £ 0.1546 0.1216
TISA750 | 0.01276 +0.03275 0.01242 £ 0.09082 0.9834
AOD750 | 0.03873 +0.1607 -0.01445 + 0.2528 0.3103

Discussion

Assessment of the anterior segment plays a major role in the diagnosis and treat-
ment of glaucoma. Traditional tools for the assessment of the angle and anterior
segment are the slit-lamp and gonioscopy.” Several newer technologies now exist
forimaging of the anterior segment, including scanning Scheimpflug and scanning
slit-lamp systems.>™ While these visible light systems are undoubtedly useful,
especially for screening for narrow angles, OCT and UBM systems allow imaging
of the full-angle anatomy and, in the case of UBM, visualization of retro-iridal struc-
tures and the ciliary body. Thus, these technologies provide optimal means for the
assessment of the anterior segment in glaucoma.?

There are some advantages of OCT, especially in the case of spectral-domain
systems, owing to its superb resolution, high speed and non-invasive character.?
Compared to OCT, UBM has several limitations. A coupling medium is required
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such that scanning must be performed through an immersion bath. As it requires
contact with the globe, it may be unpleasant for the patient, induce artifacts, and
cause a risk of infection or corneal abrasion.'” The procedure also requires trained
and experienced technicians and is time consuming.

Despite the above, UBM is advantageous in that it provides better penetration
through opaque or cloudy media than OCT, allowing improved depiction of the
ciliary body, retro-iridal structures and the anterior chamber in the presence of
corneal edema, scars or hyphema.”® In a study by Radhakrishnan et al., OCT and
UBM provided similar mean values for various anterior segment parameters, with
equal reproducibility between the two.? UBM showed excellent discriminative
value for the detection of narrow angles that was comparable to OCT.?

There have been reports on the use of UBM and OCT to characterize PACG eyes
alone or comparing them to normal subjects.>® However, to our knowledge there
has been no previous study comparing the anterior segment parameters of POAG
and PACG eyes with UBM. Over the last decade there has been much research
investigating the early diagnosis and treatment of PACG in Asian populations,
including the use of potential screening tests.'s'® Both POAG and PACG have
important clinical significance in many populations, and our study complements
the information available by looking at the differences between POAG and PACG
eyes with UBM, a useful and reliable anterior segment assessment tool. In addition,
there has yet been any study on differences between POAG and normal eyes. This
study could spearhead future studies looking at UBM differences between POAG
and normal eyes, which would allow better understanding of the significance of
the UBM data.

In our study, as expected, POAG and PACG eyes had significant differences in both
dark and light conditions for all parameters: TISA-500, TISA-750, AOD-500, AOD-750,
each representing the mean of a four quadrants measured. This was true for both
dark and light conditions. While this is not an unexpected finding, it confirms our
knowledge that the anatomical structures for patients with the two different types
of glaucoma are significantly different. If we get more UBM data for both POAG and
PACG eyes, the range of data available could serve as a guide for each condition,
and could be used in future for either for screening or diagnostic purposes.

Our univariate analyses for anterior segment parameters in dark and light condi-
tions showed age having an inverse association with TISA-500, TISA-750, AOD-500
and AOD-750. This correlates with previous studies which showed older patients to
have significantly lower values of various quantitative parameters.'?? It has been
postulated that increments in lens thickness and a forward shift of the lens position
induced by zonular weakness may cause these changes during aging.® These
findings suggest that old age may be a significant risk factor for PACG, because
narrow anterior chamber angle parameters are associated with angle closure.

As expected, univariate analysis showed AL and ACD to have a positive correla-
tion with TISA-500, TISA-750, AOD-500 and AOD-750 values. This was not unpre-
dicted, as a similar association was found in another study.” However, the univariate
analysis for gender showed it did not have a significant influence on all parameters.

Asian Journal of OPHTHALMOLOGY 13



UBM Comparison for PACG and POAG eyes

This was similar to findings in other studies,'®?>** although literature has reported
that female subjects display a smaller ACD than male subjects in almost all age
groups, but these differences were minor and not statistically significant.?’

Unsurprisingly, TISA-500, TISA-750, AOD-500 and AOD-750 were smaller in PACG
than POAG patients. According to the classic view, the anterior chamber in patients
with PACG is shallow, due to a combination of several factors, namely, a smaller
cornea,® a shorter eye,>?% and, above all, a thicker lens,?® located more anteri-
orly than normal.?**® This gives rise to ‘crowding’ of the anterior segment in PACG
patients and results in the decreased anterior chamber angle parameters in PACG,
as confirmed in our study.

Finally, our study looked at light-dark differences in PACG and POAG eyes and
compared these differences. Other studies have investigated the differences in
anterior chamber angle measurements in light and dark conditions with UBM and
ASOCT, and found these parameters to be significantly greater in the dark compared
to light.>"* In addition to these known findings, we were interested in examining
if there were any significant differences in light-dark changes between POAG and
PACG eyes, which has not been investigated previously with UBM. We found that
light-dark differences in PACG eyes were smaller than that of POAG eyes for all AOD
and TISA values in the inferior, superior, nasal and temporal quadrants. However,
with the exception of AOD-750 in the inferior quadrant (p = 0.0524), there were no
significant difference in these light-dark differences for all parameters in the four
quadrants between POAG and PACG eyes. Based on these findings, more research
on a larger population would be useful for future detection and characterization of
the different types of glaucomas.

Conclusion

Our study showed significant differences in mean AL and ACD between PACG and
POAG eyes. TISA-500, TISA-750, AOD-500 and AOD-750 were significantly different
for POAG and PACG eyes in both light and dark conditions. Light-dark difference in
PACG eyes was smaller than that of POAG eyes for all AOD and TISA values in all four
quadrants. However, except for AOD-750 in inferior quadrant, there was no signifi-
cant difference between PACG and POAG eyes in terms of light-dark difference in
anterior segment parameters. Further evaluation of the above findings could be
done in future with a larger population, for better characterization of differences in
anterior segment parameters in POAG and PACG eyes.
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