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Abstract

e AIM: To detect early glaucoma by optical coherence
tomography (OCT) posterior pole asymmetry analysis.

e METHODS: Totally 39 eyes from 39 healthy subjects,
40 eyes from 40 mild glaucoma patients, 33 eyes from
33 moderate glaucoma patients and 41 eyes from severe
glaucoma patients were included in this study. All subjects
underwent posterior pole asymmetry analysis (PPAA) of
OCT and the posterior pole area was divided into three
zones. Means, standard deviations and 95% confidence
intervals of each zone asymmetry in control group were
assessed. Retina thickness asymmetry (RTA) of different
stage of glaucoma were compared for each zone, and
receiver operating characteristic (ROC) curves were made
to test the efficacy of strategies using different zones to
discriminate glaucomatous eyes from the healthy ones.

e RESULTS: In a healthy population, RTA of the centre
zone showed the minimal mean value (3.085 pm), standard
deviation (1.756), and the narrowest 95% confidence
interval (from 2.360 to 3.810 um). It was only in the center
zone that RTA exhibited significant difference between
control and moderate glaucoma group (P<0.01), as well
as control and severe glaucoma group (P<0.00001). The
strategy utilized in the center zone had the strongest
diagnostic capability (zone 3 AUROC=0.816, P=0.0016)
in comparison to that of the periphery area (zone 1
AUROC=0.675, P=0.0016; zone 2 AUROC=0.623, P=0.0197),
the whole posterior pole involved interpreting strategy
showed inferior diagnostic power than the centre zone
dependent strategy (z=2.851, P=0.0044).

o CONCLUSION: Utilizing the posterior pole centre zone to
interpret OCT PPAA results are more effective than making
use of the whole posterior pole map.
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INTRODUCTION

laucoma is characterized by a progressive degeneration
G of the retinal ganglion cells (RGCs) and their axons
leading to a reduction in the thickness of the retinal nerve
fiber layer (RNFL) and RGCs layer' ™. This retina thickness
loss makes optical coherence tomography (OCT) useful in
glaucoma diagnosis since it allows objective measurement
of the optic nerve head®'”, RNFL"", and macular thickness
parameters“z'”].
Recently, a new protocol of OCT was proposed. Posterior
pole asymmetry analysis (PPAA) was introduced to detect
early glaucomatous damage!”"". By superimposing a 64-
cell square grid on a 24°%x24° retinal region centered on the
foveola, PPAA yields retina thickness of each cell, as well as
the retina thickness asymmetry (RTA) between superior and
inferior corresponding cells (Figure 1A). The RTA is presented
in a hemisphere asymmetry map displayed as a grey scale,
in which white indicates no asymmetry and black represents
greater asymmetries of more than 25 pm''"”.
The RTA analysis seems to be promising in early glaucoma
detection because glaucomatous damages often originate
in only one horizontal hemifield””. Aside from that, this
parameter also shows less between-subject variability in
healthy population (compared to the parameter of retina
thickness) and it isn’t affected by magnification factors such as
axial length and corneal curvature'”.
Several studies reported that PPAA could potentially serve
as an assessment tool in the early diagnosis of glaucoma. In
these studies, RTA increased as significant as glaucomatous
damage developed, hence were measured to distinguish
glaucoma patients from healthy controls. To be more precise,
researchers divided the posterior pole region into several
zones and each zone included correlative pairs in superior
and inferior hemifields, RTAs of these zones were measured.
Although various investigators had different customs for zones
setting, they all made full utilization of the whole posterior

[16,21-24

pole map to interpret PPAA printouts I Alluwimi et al'™”

questioned this study area because they found that, in a healthy
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population, RTA in posterior pole periphery area (i.e. 10°-20°
from the foveola) had dramatically high between-subject
variability. In other words, high variability appeared in the
RTA of healthy periphery area has an overlap with the RTA
in glaucoma patients. Ultimately, combining all of the zones
together (the whole posterior pole map) produced even higher
between-subject RTA variability in normal populations. Same
conclusions were obtained by Jacobsen et al™™.

Given the fact that the periphery area of the map includes an
extensive network of blood vessels and few RGCs, it’s not
difficult to understand the dramatic local RTA fluctuation
existing in a healthy population"”. The high variability
appearing in healthy periphery RTA makes normal people’s
RTA overlap patients’ RTA, which may induce poor specificity of
PPAA diagnostic capacity. These findings cannot be neglected
because they implicate that the periphery area of posterior pole
maps may not be suitable for PPAA interpretation. Due to the
reasons we mentioned above, investigators suggested cautious
interpreting strategies for PPAA printouts'”. However, based
on our knowledge, there is no study yet to characterize the
periphery area RTA of glaucoma patients, which affirms
that involving the periphery area can adversely impact the
diagnostic ability of PPAA reports.

In our current study, we proposed a new strategy (Figure
1B) which divides the overlay 24°%24° grid into three zones
per hemifield based on previous literature'****”. Zone 1 is
defined as the area 10°-20° in posterior pole map. Rich in
blood vessels, it shows high RTA variability in a healthy
population"”. Zone 2 is also reported with high RTA variability
in healthy controls although it is the glaucoma susceptible

19201 Zone 3 is quite vulnerable to glaucomatous damage

area'
and RTA in this area shows the minimal between-subject
variability™. We hypothesize that glaucomatous damage fails
to exert significant impact on PPAA in periphery area, we
also hypothesize that strategies utilized in the periphery area
of posterior pole map are not able to distinguish glaucoma
patients from normal populations, thus involving this region
would impair PPAA diagnostic efficiency.

SUBJECTS AND METHODS

Participants We recruited normal subjects and glaucoma
patients from ongoing studies at Western China Hospital that
were approved by Western China Hospital Institutional Review
Board and Health Research Ethics Committee. This cross-
sectional study adhered to the tenets of Declaration of Helsinki.
Inclusion criteria for both groups were: 1) best-corrected visual
acuity of 20/30 or better, refractive error between -12 and +3
diopter (D) spherical equivalent; 2) cylinder correction within
3 D; 3) clear ocular media to prevent poor-quality imaging of
the optic disc and macula. Open angle glaucoma was defined
as the presence of glaucomatous optic nerve appearance,
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associated structural and functional visual field (VF) defect
identified by RNFL photography and standard automated
perimetry (OCTOPUS), and open angle on gonioscopic
examination. A glaucomatous VF change was defined as 1)
outside normal limit on glaucoma hemifield test; or 2) mean
defect (MD) was greater than 2 dB; or 3) loss variance (LV)
was greater than 5 dB, and at least seven points with sensitivity
decreased by more than 5 dB, three of them being contiguous,
confirmed by two consecutive tests”*. A VF measurement was
considered to be reliable when false-positive/negative results
were less than 15% and fixation losses were less than 20%".
In our study, glaucomatous eyes were classified into three
categories based upon the MD. Respectively, these groups had
MD values better than -1.5 dB (mild glaucoma group), between
-1.5 and -5.5 dB (moderate glaucoma group), or worse than
-5.5 dB (severe glaucoma group)””. For glaucoma patient,
age matched healthy subjects who visited the clinic during the
same recruitment period were enrolled and served as control
subjects. Healthy subjects had 1) intraocular pressure (IOP)
less than 21 mm Hg with no history of elevated IOP; 2) normal
appearance of optic disc, intact neuroretinal rim, and RNFL;
3) normal VF, defined as a MD within normal range and a
glaucoma hemifield test result within normal limits. Exclusion
criteria for both groups were 1) severe myopic disc and fundus
changes impairing adequate evaluation for glaucoma; 2) media
opacities impaired imaging; 3) coexisting retinal or neurologic
diseases that could confound the results of VF examination
and spectral domain (SD)-OCT; 4) poor quality SD-OCT scans
that had significant artifacts (poor signal strength <8, loss of
fixation, asymmetric illumination, or motion artifacts such as
edge duplication); 5) any intraocular surgery within the last
6mo. The affected eye was selected in patients with unilateral
glaucoma, and if both eyes of a patient had glaucoma and met
the inclusion criteria, one eye was randomly selected for entry.
A healthy control eye was randomly selected in patients with
no sign of glaucoma in both eyes.

Each subject underwent a full ophthalmic examination
including best-corrected visual acuity, [OP measurement, slit-
lamp biomicroscopy, anterior chamber angle examination
by 4-mirror gonioscopy and fundus examination by direct
ophthalmoscope. The VF examination was done on an
OCTOPUS white to white perimetry with G1 test program and
TOP strategy. The OCT scanning for PPAA was done using
spectralis SD-OCT (Heidelberg Engineering, Heidelberg,
Germany). Fundus examinations were performed by two
experienced glaucoma specialists (Chen XM and Li N), OCT
scanning and VF examinations were performed by one of
the authors (Zhang Y) and all of the OCT examinations were
performed within a timeframe of two weeks of the last VF

testing™*".
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Figure 1 Posterior pole retinal thickness map of OCT A: The 64 grids used in PPAA; B: Three zones designed for RTA calculation and analysis.

Spectralis Optical Coherence Tomography All patients
were scanned using the commercially available SD-OCT
Spectralis HRA+OCT (Heidelberg Engineering). This
instrument uses a wavelength of 820 nm in the near infrared
spectrum in the SLO mode. The light source of the SD-OCT
is a super luminescent diode with a wavelength of 870 nm.
Infrared images and OCT scans (40 000 A-scans/s) of the
dual laser scanning systems are acquired simultaneously. The
macular thickness measurements were obtained using the
posterior pole asymmetry scan protocol. This scan protocol
was applied to targeted eyes in all subjects, providing 61
B-scans 120 pum apart for each scan, with an optical resolution
of 7 um axially and 14 um laterally. Subjects were asked to
fixate their eyesight on an internal blue fixation target in the
Spectralis camera. The camera was centered on the fovea
with even illumination within a 6x6 mm area. The operator
manually realigned and centered the grid on the fovea when
needed, and readjusted the central line of the grid to align with
the foveal-optic disc axis. Any OCT image with a quality score
below 25 was excluded. As shown in Figure 1A, the retinal
thickness grid overlays a 24°x24° retinal region centered
on the measured area of 30°x25°. This grid is composed of
64 cells; each cell represents the average measured retinal
thickness of a 3°x3° area. Asymmetry analysis of the posterior
pole was evaluated with the map which compares the superior
to inferior hemispheres (hemisphere asymmetry) for each
eye. One hemisphere includes 32 cells and each cell has an
equivalent in the opposite hemisphere. The difference in retinal
thickness between the two equivalent cells is indicated with
colors changing from white to black. A black cell means that
the difference in retinal thickness is >30 pm!"*>"*.
Statistical Analysis The retina thickness map yielded by
posterior pole analysis is divided into 64 sectors centered on
the fovea (Figure 1A). In the present study, we divided both
the superior and inferior hemifields into three zones; each zone

included reciprocal regions from either hemifield (Figure 1B).
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Figure 2 Characterization of RTA of zone 1, 2 and 3 in control group
(n=39 eyes) “P<0.01, °P<0.0001. Meanzstandard errors are shown.

The average retinal thickness of each of the three zones was
measured in both the superior and inferior hemifields. Within-
eye asymmetries (i.e. RTAs) between corresponding pairs of
locations were calculated.

To test whether RTA of Zone 3 shows the minimal variation
in a normal population as the previous literature reported, we
descriptively analyzed RTAs of the three zones in control group
(Figure 2). Means, standard deviations (s) and 95% confidence
intervals (CIs) of the RTAs were determined. To decide
whether RTA of each zone alters as glaucoma develops, we
summarized the RTAs of control, mild, moderate and severe
glaucoma groups and made multiple comparisons among them
(Figure 3). Then we used receiver operating characteristic
(ROC) curves to test and compare the efficacy of strategies
using different zones to discriminate glaucomatous eyes from
the healthy ones (Figure 4). Last but not least, to test our
hypothesis that interpreting the whole PPAA map (including
the periphery region) would lead to low diagnostic efficiency,
we calculated the absolute retina thickness difference between
superior and inferior hemispheres with the data from the same
participants and made a ROC curve (Figures 5, 6).

One-way ANOVA and Chi-square test were performed using
commercial software (Prism 5; GraphPad Software, Inc.,
La Jolla, CA, USA). Tukey’s adjustments were used as post
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Table 1 Demographics and visual field data from healthy and glaucoma patients

Variables Mild glaucoma Moderate glaucoma Severe glaucoma Control P
(n=40 eyes) (n=33 eyes) (n=41 eyes) (n=39 eyes)
Gender (M/F) 22/18 16/17 22/19 20/18 0.720
Age (a) 55.2+11.6 52.6+13.7 53.7+12.1 51.9+11.5 0.581
MD (dB) 0.6+0.9 3.6+1.9 13.2+£7.6 -0.3+1.2 0.83%,0.036", <0.001°

Comparisons among the groups were performed using one-way ANOVA and Pearson Chi-square, Tukey’s adjustments were used as post hoc

tests to correct the comparisons. ‘Control vs mild glaucomatous; °Control vs moderate glaucomatous; “Control vs severe glaucomatous. MD:

Mean defects.

Table 2 Descriptive statistics summarizing RTAs of different

zones in control group

Variables Zone 1 Zone 2 Zone 3

Mean (um) 5.988 9.753 3.085

Standard deviation 4.436 7.084 1.756

Lower 95% CI (um) 4.157 6.829 2.360

Upper 95% CI (um) 7.819 12.68 3.810
RTA: Retinal thickness asymmetry.
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Figure 3 Influence of different stages of glaucoma on RTA of each
zone A: Influence of different stages of glaucoma on RTA of zone
1; B: Influence of different stages of glaucoma on RTA of zone 2; C:
Influence of different stages of glaucoma on RTA of zone 3. *P<0.01,
°P<0.0001, °P<0.00001. Mean+standard errors are shown.

hoc tests to correct the comparisons. ROC curves, the area
under the ROC curve (AUROC) and the comparisons among
AUROCs were accomplished using MedCalc statistical
software. For all tests, statistical significance was considered to
be P<0.05.

RESULTS

A total of 39 healthy, 40 mild, 33 moderate and 41 severe
glaucomatous eyes were included in the present study. The
average VF MD were -0.3£1.2 dB for the control group,
0.6+0.9 dB for mild glaucoma group, 3.6+1.9 dB for moderate
glaucoma group and 13.24+7.6 dB for severe glaucoma group.
Our data showed that there was no MD difference between
normal and mild glaucoma eyes, whereas the average MD in
moderate and severe groups significantly increased. All study
participants were Asian (Chinese), and glaucoma patients were
age-matched with healthy controls (Table 1).
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Figure 4 ROC curves of strategies using each zone A: ROC curve
of strategy using zone 1; B: ROC curve of strategy using zone 2;
C: ROC curve of strategy using zone 3; D: Figure A, B and C were

merged in Figure D.
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Figure 5 The strategy including both periphery and centre area of
the posterior pole map. The whole posterior pole retinal thickness
map is divided into superior and inferior zones and absolute retinal

thickness difference between superior and inferior is obtained.

RTA distribution of each zone in the control group was
shown in Figure 2. Among the three zones, zone 2 displayed
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periphery area.

Table 3 AUROC of different zones
Standard  95% Confidence

Variables AUROC error interval P

Zone 1 0.675 0.0556 0.590-0.752 0.0016
Zone 2 0.623 0.0525 0.536-0.703 0.0197
Zone 3 0.816 0.0379 0.742-0.877 <0.0001

AUROC: Area under the receiver operating characteristic curve.

the highest RTA in healthy population, while there was no
significant RTA difference between zone 1 and zone 3. Zone
3 exhibited the lowest mean RTA (3.085 pm) and the minimal
standard deviation (1.756), compared to zone 1 (5.988 pum,
4.436 pm) and zone 2 (9.753 pum, 7.084 um). Zone 3 also
showed the narrowest 95% CI (from 2.360 to 3.810 um). The
95% CI of zones 1 and 2 were 4.157 to 7.819 um, 6.829 to
12.68 um, respectively (Table 2).

In order to determine whether different stages of glaucoma
have a diverse impact on RTA of each zone, we compared
RTA of control, mild, moderate and severe glaucoma groups
separately, for zones 1, 2 and 3 (Figure 3). The post hoc tests
revealed significant RTA difference among control, moderate
and severe glaucoma groups in zone 3, while there was no
RTA difference between control and mild glaucoma group
(Figure 3C). Whereas in zones 1 and 2, RTA values of control,
mild and moderate glaucoma groups appeared similar, only
severe glaucoma eyes showed distinction when compared to
the healthy eyes (Figure 3A, 3B).

To evaluate the glaucoma detecting ability of strategies
utilized in different zones, the AUROC were calculated for
each zone related strategy (Figure 4A, 4B, 4C; Table 3).
The AUROC of zone 3 (0.816) was meaningfully larger
than the area of zone 1 (0.675) and 2 (0.623) (Table 4). The
three AUROCs were displayed together in Figure 4D, the

Table 4 Comparison of AUROC of strategies utilizing zone 1,2 and 3
Standard

Difference

Compared zones between areas error ‘ P

Zone 1-Zone 2 0.0545 0.0756 0.721  0.4707
Zone 1-Zone 3 0.139 0.0689  2.024 0.0430
Zone 2-Zone 3 0.194 0.0612 3.172  0.0015

AUROC: Area under the receiver operating characteristic curve.

yellow, green and blue line represented zones 3, 2 and 1,
respectively.

We finally calculated the absolute retina thickness difference
between superior and inferior hemispheres with the data
from the same participants and obtained the AUROC of this
approach (Figures 5, 6). By comparing it (0.632) with the
AUROC of zone 3 (0.8126), we concluded that including the
periphery region of the posterior pole map would induce low
diagnostic efficiency when interpreting PPAA results.
DISCUSSION

In this study we defined three zones in each hemifield of
posterior pole asymmetry map based on previous literature.
RTAs between reciprocal area in the superior and inferior
hemifield were calculated. RTA in zone 3 showed the minimal
mean value, standard deviation and the narrowest 95% CI
in healthy population. In zone 3, there is significant RTA
difference among control, moderate and severe glaucomatous
groups, whereas no difference was found between control and
mild glaucoma group. In contrast, significant RTA increases
were found only in severe glaucoma eyes in zones 1 and 2.
The diagnostic ability of the strategy using zone 3 was stronger
than those using zones 1 or 2, and combining the three zones
together would decrease the diagnostic efficiency of the PPAA
results.

From Figure 2, we can conclude that in a healthy population,
RTA of zone 2 seems to physiologically exist while in
zones 1 and 3, hemispheric thickness asymmetry is not that
apparent. However, it is in zone 3 that RTA appears to be in
the narrowest range, according to CI values of different zones.
Alluwimi et al™ proved that in healthy controls, within-eye
hemispheric asymmetry analysis could successfully reduce
between-subject variability (compared to retina thickness), but
only in the centre area (corresponding to our zone 3), rather
than other zones (corresponding to zones 1 and 2 in our study).
Our results were similar with previous studies. The vascular
arches overlapping the periphery regions are believed to
induce the wide RTA values distribution, the blood vessels may
also have variable patterns and sizes among individuals that
has a notable effect on between-subject variability in retinal
thickness ">,

Figure 5 shows impacts of different stages of glaucoma on RTA
in various zones. We can conclude that later-stage glaucoma
causes higher RTA, and glaucomatous damage has a partiality
for zone 3, rather than zones 1 and 2. It is because glaucoma
specifically damages RGCs and RNFLs, and these cells and
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their nerve fibers distribute sparsely in zones 1 and 2%, In
early or moderate glaucoma, the periphery damaged RGC
number is too limited to bring about RTA changes, whereas
in severe glaucoma, the obviously thinning retina caused by
large amount of RGC loss would induce significantly altered
RTA in these periphery zones. On the contrary, area 3°-9°
(equal to zone 3) contains 50% of the RGCs"”, this dense
RGC accumulation in zone 3 makes this area vulnerable to
glaucomatous damage. Indeed, zone 3 has been believed to

3334 and in our study, both

be affected by early glaucoma
moderate and severe glaucoma led to significantly higher
RTA than the control group. One thing should be noticed is
that detecting RTA of zone 3 is not useful enough for mild
glaucoma diagnosis, since mild glaucoma fails to cause RTA
changes. In other words, the ability of PPAA for very early
glaucoma diagnosis is still limited.

Seo et al”" reported that the AUROC of PPAA in their study
was 0.958+0.013. Rolle et al/™ reported that their AUROC
ranged from 0.70 to 0.82"*. In our research, the largest AUROC is
0.817+0.04, which was similar to Rolle’s study. The instability
among these results is most likely to be caused by the different

participant inclusion criterion. In Seo et al’s”"

study, only
glaucoma patients with localized RNFL defects shown in red-
free RNFL photography, which were limited to one hemifield,
were enrolled. In other words, the participants in patient group
already contained apparent retinal thickness asymmetry.
This may explain why investigators got such high AUROC.
Another possibility is that our interpretation method, which
focuses on the central part of the posterior pole map, shows
inferior ability to detect glaucoma than the previous whole
64-grid map-based strategy. Our Figures 5, 6 toppled this
guess. As described above, we compared the AUROC of two
interpretation methods. One included periphery area (Figure 5),
while the other one excluded the periphery area (corresponding
to zone 3). Data showed that making use of the whole PPAA
map could lead to decreased diagnostic ability (Figure 6).

We separately obtained the AUROC of zones 1, 2 and 3.
By placing three ROCs in one figure, we simply found that
interpreting PPAA with zone 3 appeared the most promising in
glaucoma diagnosis. These results are predictable since only
in zone 3, meaningful RTA difference existed among control,
moderate and severe glaucoma groups. However, we have
to keep in mind that the modified interpreting strategy is still
unable to efficiently distinguish mild glaucoma patients.
Structural changes in patients with glaucoma have an essential
role in clinical diagnosis. OCT has been widely used to image
structural features of glaucoma with a variety of imaging
options. RNFL thickness has been extensively investigated
using OCT, but RNFL measurements have limitations that
introduce substantial challenges in clinical decision-making"”.
Our study showed that strategy utilized in central PPAA
had good diagnostic power and modified PPAA interpreting
method may serve as an assessment tool in early glaucoma
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detection. Thus, PPAA of OCT is of value in clinical decision-
making. Further investigation is needed to compare the
diagnostic capability of center area RTA with other parameters,
including RNFL thickness.

Jacobsen et al® reported physiological hemispheric
asymmetries in retinal thickness, and his research showed
that the highest local asymmetries were in the nasal corners
of macula. Alluwimi et al''” reported that RTA successfully
reduced between-subject variability (compared to absolute
retina thickness) in posterior pole central area, while
combining all of the zones together (the whole posterior
pole map) produced high between-subject RTA variability in
normal populations. These investigators suggested serious
consideration to PPAA periphery area. In our study, we
did get the similar results. High variability was found in
healthy periphery RTA, and including this area decreased
the diagnostic power of PPAA. However, the central zone
RTA shows low between-subject variability and satisfactory
diagnostic capability. In other words, the strategy utilized in
center zone could overcome the limitations of original PPAA
results.

In conclusion, RTA in macular central area shows low
between-subject variability and good diagnostic capability.
Utilizing the whole map to interpret PPAA results would
lead to low diagnostic efficiency. Our new strategies which
exclude the periphery area are necessary for PPAA printouts
interpretation.
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