Interocular
asymmetry of visual
field defects in
primary open angle
glaucoma and
primary angle-
closure glaucoma

Abstract

Aim To compare the interocular asymmetry
in visual field loss of patients with primary
open-angle (POAG) and primary angle-closure
glaucoma (PACG).

Methods Subjects entering a prospective,
randomised, controlled trial of intraoperative
5-fluorouracil in glaucoma surgery in
Singapore were included. Preoperative visual
field testing was performed using automated
white-on-white perimetry (24-2 test pattern,
threshold program, Mk II, Model 750, Zeiss-
Humphrey, San Leandro, CA, USA). A
minimum of two tests were required with
mean deviation within 2dB on two tests,
fixation losses <20%, false positives <33%,
and false negatives <33%. The second field
was scored using AGIS II criteria and the
‘mean asymmetry score’ defined as the mean
difference between eyes for both AGIS scores
and global indices.

Results In 230 subjects assessed (128 POAG,
102 PACG), mean interocular asymmetry of
visual field loss was greater for the PACG
group. The mean AGIS asymmetry scores for
total (PACG =9.21+6.87 vs

POAG =6.48+5.58, P=0.001), superior
(PACG =4.31+3.39 vs POAG =3.35+3.13,

P =0.035), and inferior (PACG =4.43+3.31 vs
POAG =2.64+2.77, P<0.0001) areas and mean
deviation (MD) asymmetry scores

(PACG =6.89+13.22 vs POAG =1.66+16.97,

P =0.012) were all significantly different.
Interocular correlation of visual field loss for
POAG was significant; total AGIS, r=0.27

(P =0.003), superior field AGIS, r=0.24

(P =0.008), inferior field AGIS, r=0.34

(P =0.0001), and MD, r=0.27 (P = 0.003). In
PACG, there was no significant correlation
between eyes; total AGIS, r=—0.02 (P =0.85),
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superior field AGIS, r=—0.02 (P =0.82),
inferior field AGIS, r=—-0.17 (P =0.87), and
MD, r=0.015 (P = 0.89).

Conclusion There was a greater asymmetry of
visual field loss between eyes, as measured by
AGIS scores and MD, in PACG than that in
POAG.
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Introduction

Some studies have found the frequency of
interocular asymmetrical field loss to be similar
in normal-tension and high-tension glaucoma.
However, differences in the asymmetry of fields
between primary open-angle glaucoma (POAG)
and primary angle-closure glaucoma (PACG)
are not well described.

Population-based studies in Asia have shown
that the rate of severe uniocular visual loss is
two to three times greater in PACG than in
POAG.? Current theories postulate a mixed
mechanism of optic nerve damage in POAG,
with combined pressure-sensitive and pressure-
independent damage responsible for the
characteristic patterns of glaucomatous optic
neuropathy,>* while pressure-dependent
damage predominates in PACG.®> One might
therefore expect a difference in the pattern of
field loss between the two diseases.

We therefore compared interocular
asymmetry of visual field loss in patients with
POAG and PACG undergoing glaucoma
surgery for uncontrolled intraocular pressure as
part of a prospective, randomised, placebo-
controlled trial of intraoperative 5-fluorouracil
in glaucoma surgery in Singapore.
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Methods

Subjects enrolled in a prospective, randomised, placebo-
controlled trial of the use of intraoperative 5-fluorouracil
in glaucoma filtering surgery in South East Asia were
included. Inclusion criteria were as follows. (1)
intraocular pressure greater than 21 mmHg on at least
one occasion with (2) reduction of the neuroretinal rim
width to less than or equal to 0.1 of the cup-to-disc ratio
or a glaucomatous optic disc in the opinion of a
fellowship trained glaucoma specialist, and (3) a visual
field defect of at least two points reduced by >5dB and
of one point reduced >10dB below age-specific
threshold. Only cases of POAG or PACG were included
in the analysis. PACG was defined as glaucoma (field
defect, glaucomatous optic neuropathy, and at least one
recorded IOP greater than 21 mmHg as above) in the
presence of an occludable angle. An occludable angle
was defined as one in which the posterior (usually
pigmented) trabecular meshwork was not seen over 270°
or more of the angle without indentation. POAG was
defined as glaucoma in the presence of an open angle.

Exclusion criteria were: (1) age less than 30 years, (2)
women who may be pregnant at time of surgery, (3)
cataract that may require surgery within 3 years, (4)
previous intraocular or conjunctival surgery, (5)
treatment with warfarin, (6) a history of uveitis, (7) any
neovascularisation, or (8) epithelial in-growth, (9) chronic
use of topical or systemic steroids, (10) previous
chemotherapy, or (11) other systemic pathology that
might result in a visual field defect.

In all, 57 subjects who were deemed eligible for the study
declined to take part (28 males, 29 females; 49 Chinese, four
Indians, four Malays: mean age 65.4 years (+8.9)).

Demographic data were collected using a standard
questionnaire. If both eyes had required surgery, then
that with the less controlled IOP entered the trial. The
other eye is designated the ‘fellow eye’.

During the preoperative work-up, a full ophthalmic
examination was undertaken. Gonioscopy was
performed with a Goldmann two-mirror goniolens and
a subsequent indentation with a Sussman 4-mirror
goniolens. Applanation tonometry (Goldmann
tonometer, Haag-Streit, Bern, Switzerland) was carried
out three times, and the IOP was taken as the median of
the three measurements.

The degree of lens opacity (nuclear opacity and colour,
cortical and posterior subcapsular opacities) was graded
by clinical observation at a slit-lamp using standard
photographs of the LOGS III scheme.®

Threshold visual field testing was carried out using a
static, automated, white-on-white perimeter (Mk II,
model 750, Zeiss-Humphrey, San Leandro, CA, USA).
A minimum of two visual tests were carried out on
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different days using the 24-2 programs, requiring the test
to be completed with <33% false positives, <33% false
negative, <20% fixation losses. These reliability indices
were recorded for analysis. If the mean defect in these
tests differed by more than 2 dB, further tests were
carried out until the two test results with an MD within
2dB had been obtained. When pupil diameter was less
than 3 mm, the pupil was dilated with tropicamide 1%.
Pupil diameter, as measured by the field analyser, was
recorded.

The visual fields were scored using the AGIS II
system.” Comparisons of interocular asymmetry of field
defects between POAG and PACG were made for global
indices and the total, nasal, superior and inferior AGIS
score regions.

The mean asymmetry of AGIS scores for the entire
central field as well as the superior and inferior
hemifields, and the nasal field area were calculated as the
mean AGIS scores for specific regions in the trial eyes
minus mean AGIS score of corresponding regions fellow
eye. Likewise, the mean asymmetry scores of the global
indices were defined as the mean of MD/pattern
standard deviation (PSD)/short-term fluctuation (SF)/
corrected pattern standard deviation (CPSD) score in trial
eyes—corresponding mean MD/PSD/SF/CPSD score in
fellow eyes.

Comparisons between PACG and POAG were made
for the mean asymmetry scores of total/nasal/superior/
inferior hemifields and mean asymmetry score of
individual global indices. Unilateral field loss in
this paper was defined as positive AGIS score (>1)
in trial eye and normal (AGIS score=0) in the
fellow eye.

This study was granted ethical approval by The Ethical
Review Committee of Singapore National Eye Centre,
acting for The Ministry of Health of the Republic of
Singapore. Written informed consent was obtained from
all the participants in their own language with an
interpreter where necessary. We followed the tenets of
the Declaration of Helsinki.

A proprietary statistical software package was used
for all calculations (SPSS 9.05, SPSS, Inc., Chicago, IL,
USA). Frequency histograms and the one-sample
Kolmogorov-Smirnov test were used to assess the
distribution of numerical data for parametric
characteristics. Differences in mean values of parametric
data between study groups were examined using an
independent samples t-test. For nonparametric data, a
Mann-Whitney U test was used to compare means and
the Wilcoxon signed rank test for the distribution of two
related variables. y* was used for the analysis of
categorical variables. Spearman rank correlation p was
used to measure the relationship of scores between
fellow eye and trial eyes.



Results

Of 234 eligible patients, three were excluded because of
nonglaucomatous pathology in the fellow eye, namely
two central retinal vein occlusions and one branch vein
occlusion, and one because of missing data. The
demographic features are summarised in Table 1 for both
POAG and PACG patients. There was a predominance of
male patients in the POAG group (3:1 as compared with
almost equal representation in the PACG group
(P<0.05)). There was no significant difference in

Table 1 Demographics

All POAG PACG
Age
(Mean +5SD) (years) 62.4+10.6 61.9+11.1 62.5+9.3
Gender (%)
Male 154 (67.0) 97 (75.8) 57 (55.9)
Female 76 (33.0) 31 (24.2) 45 (44.1)
Race (%)
Chinese 177 (77.0) 93 (72.7) 84 (82.4)
Malay 25 (10.9) 16 (12.5) 9 (8.8)
Indian 22 (9.6) 15 (11.7) 7 (6.9)
Other 6 (2.6) 4 (3.1) 2 (2.0)

230 128 102

Table 2 Global indices and AGIS scores for trial and fellow
eyes of POAG and PACG

Trial eye Fellow eye P (trial vs fellow)
POAG
Global indices (dB)
MD —14.214£9.20 —10.27+8.85 0.285
PSD 754+345  5.63+3.62 0.006
CPSD 6.94+3.69  4.93+3.74 0.003
AGIS
AGIS
Whole field 9.93+6.77  6.194+6.7 <0.001
Superior 479+354  3.04+3.50 <0.001
Inferior 3724344  22143.0 <0.001
Nasal 1.34+0.68  0.98+0.85 <0.001
PACG
Global indices (dB)
MD —18.504+9.18 —11.81+10.0 <0.001
PSD 7354359  4.85+3.44 <0.001
CPSD 6.55+3.87  3.95+3.63 <0.001
AGIS
Whole field 13.04+6.72  8.10+7.65 <0.001
Superior 598+3.36  3.7743.72 <0.001
Inferior 556+3.37  3.154+3.53 <0.001
Nasal 1.604+0.65  1.16+0.85 <0.001
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ethnicity of subjects with PACG (82.4%) chinese
compared to POAG (72.7%) (P> 0.05).

The number of patients with unilateral field loss was
26.4% for POAG vs 26.0% for PACG (y*> P =0.946). Trial
eyes were more severely affected than fellow eyes in both
POAG and PACG (Table 2). The asymmetry scores for the
global indices and AGIS scores of PACG and POAG are
shown in Table 3. PACG has significantly greater
interocular asymmetry of MD and all AGIS regions than
POAG. However, PSD and CPSD were not significantly
different between eyes in either diagnosis.

Analysis of the correlation between fellow and trial
eyes showed there to be no significant correlation in
PACG for either global indices or AGIS score. POAG
however showed significant interocular correlation for
both MD and AGIS scores (Table 4).

Table 3 Mean interocular asymmetry scores (dB) for POAG
and PACG

POAG PACG P-value
(POAG vs
PACG)

Global indices asymmetry
scores®
MD —1.66+16.97 —6.89+13.22 0.012
PSD 3.36+13.09 2.46+5.00 0.49
CPSD 433+1561 2554520 0.25
AGIS asymmetry scores®
Whole field 648+558  921+6.87  <0.001
Superior 3.35+3.13  4.31+3.39 0.035
Inferior 2.64+2.77 4434331  <0.001
Nasal 0.77+0.74  0.84+0.91 0.503

*Mean global indices asymmetry score =mean difference (global indices
of fellow eyes vs global indices of study eyes).

PMean AGIS asymmetry score=mean difference (AGIS score of fellow
eyes vs AGIS score of study eyes).

Table 4 Interocular correlation of global indices and AGIS
scores for POAG and PACG

POAG PACG
r° P R? P

Global Indices

MD 0.27 0.003 0.02 0.89
PSD 0.05 0.55 —0.02 0.83
CPSD 0.03 0.74 —0.02 0.87
AGIS

Whole field 0.27 0.003 —0.02 0.85
Superior 0.24 0.008 —0.02 0.82
Inferior 0.34 <0.001 -0.17 0.87
Nasal 0.13 0.147 0.02 0.82

?r = Spearman correlation coefficient.Figures in bold are significant (P <0.05).
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Discussion

At the time when a decision was made to perform
trabeculectomy, our patients with PACG had a greater
interocular asymmetry of visual field loss, as measured
by both AGIS score and MD, than did POAG. The
differences in mean asymmetry of AGIS score between
PACG and POAG eyes for whole field, superior field,
and inferior field scores were statistically significant
despite similar age and ethnicity. In other words,
interocular asymmetries are greater in PACG in both the
superior and inferior fields. The results of comparing the
mean asymmetry of nasal fields were not significant and
may indicate a more universal vulnerability of these
nerve fibre layers during early phases in each disease,>*°
or a lack of sensitivity of AGIS scoring techniques to
detect subtle differences in nasal field loss.

There has been a paucity of studies comparing visual
fields of POAG with PACG.'*" In a small study of eyes
with POAG and PACG controlled for age, sex, and
disease severity, Rhee et al'! compared global perimetric
indices in early and moderate stages of disease.
Interestingly, CPSD was significantly higher in their
POAG group, suggesting a difference in pattern of field
loss. Uchida et al' found a different relationship between
peripapillary atrophy and visual field loss in PACG and
POAG. They concluded that different mechanisms seem
to be involved in the development of the optic disc
damage in the two types of glaucoma. Different
mechanisms of damage might go some way in explaining
the differences in severity previously described.'® Foster®
found higher rate of severe uniocular visual field loss
from PACG than POAG in population-based surveys in
East Asian people.

Unilateral field loss (defined as one eye with an AGIS
score of zero) occurred at strikingly similar rates in this
study, 26.4 and 26.0% of the subjects in the POAG and
PACG respectively, and yet there was still a significant
difference in the interocular asymmetry of field loss
overall, as assessed by both AGIS scores and global
indices. Such differences between the diseases might
arise if, after the onset of disease, damage progressed at
markedly different rates in the two conditions, which in
turn could be due to interocular asymmetries of IOP. An
analysis of pretreatment IOP at presentation would
address this question. In this series, however, many
patients recruited had already received treatment for a
substantial period time that prevented this analysis.

An inevitable limitation of this study is that it was a
hospital-based, cross-sectional study with a cohort of
patients selected for surgery. It thus represents the more
severe end of the spectrum of glaucomatous damage.
Trial eyes that are selected for surgery usually have more
severe but not end-stage disease and our results may not
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adequately examine those patients at the milder or very
severe stages of disease. Only visual fields were
examined for diagnosis of “unilateral’ or ‘bilateral’
disease and cup-disc ratios were not included in the
analysis, thus we have not considered those subjects who
have disc damage without field loss. Nonetheless, a
significant, interesting difference between the two groups
is apparent.

Conclusion

There is greater asymmetry of visual field loss between
eyes, as measured by AGIS scores and mean defect, in
PACG than in POAG in these patients entering a surgical
clinical trial.'®
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