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Introduction to the Concept of Inter and Intra-Eye Asymmetry

In the discussion of maximizing the use of peripaillary assessment of the retinal nerve
fiber layer and the ganglion cell complex, two issues will be brought into focus. The first
issue is the natural hemi-functional and hemi-structural asymmetry that occurs in the
evolution of optic neuropathy. It has long been recognized that asymmetrical hemi-field
loss is a characteristic in the visual field analysis of glaucoma. This realization has
spurred the development of hemi-field analysis programs included in visual field
software. Likewise, there is a duality to the asymmetry in disc structure. There is both
an inter-disc asymmetry and an intra-disc symmetry. There is usually an asymmetry
between the discs with the affected disc usually presenting a striking difference between
the superior and inferior aspects of the temporal optic nerve head. The second issue is
that of the sensitivity of analysis of the hemi-structure of the Ganglion Cell Complex for
the corroboration of the detection and management of glaucoma.

While inter-individual variations occur in all measurable parameters in life, intra-
individual variations are more often either congenital issues or changes that have
occurred associated with a disease process. When you look at your right hand it is a
mirror image of your left hand unless there is a congenital or acquired variation. When
you look at a patient’s right eye it is more often than not a mirror image of the left eye. If
not, the index of suspicion rises. This asymmetry becomes even more important when
evaluating the optic nerve head. If disc sizes are different and the overall appearance is
different, this is usually a congenital variation.

Awareness of this asymmetry in both functional and structural testing is critical to

differential diagnosis and management of all patients. Utilizing the tools available
through fourier domain technology enhances all aspect of the assessment of a patient.
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Research Supporting Hemi-Field and Central Field Analysis in Glaucoma

Hemi-field analysis as well as assessment of the central visual field is well supported in
the literature as an excellent method to assist in the diagnosis and management of
glaucoma and related optic neuropathy. Some of the more contemporary studies review
the value of the thought process in differential diagnosis. In an early study El Beltagi et
al 2003 looked at forty-three patients with glaucomatous optic neuropathy and standard
automated perimetry mean deviations >-8 dB. The patients were imaged with optical
coherence tomography within 6 months of reliable standard automated perimetry testing.
The retinal nerve fiber layer areas most frequently outside normal limits were the inferior
and inferior temporal regions. The least sensitive visual field zones were in the superior
hemi-field. They concluded that localized retinal nerve fiber layer thinning, measured by
optical coherence tomography, is topographically related to decreased localized
standard automated perimetry sensitivity in glaucoma patients.” Nascimento et al in
2005 reviewed 6200 charts and subsequently evaluated 152 of those patients. They
were categorized into early, moderate and severe primary open angle glaucoma. They
concluded that the superior nasal step and paracentral scotoma were the most common
visual field defects in early primary open angle glaucoma as evaluated by SITA strategy,
and the superior hemi-field comprises most of the defects. General reduction of



sensitivity was an early and rare visual field defect.? In a study by Lima et al 2009 of
twenty eyes with glaucomatous optic neuropathy and a SAP VF defect involving the
central 16 test points (at least one point with p<1% in the 24-2 VF) macular OCT was
performed. It was found that testing the central area became very important. Macular
sensitivity evaluated by SLO-MP correlates significantly with SAP paracentral VF
defects. SLO-MP detected retinal sensitivity reduction in areas of OCT structural
damage with normal SAP and suggests that subtle paracentral functional deficits may be
present in many more eyes with established glaucoma than generally assumed.® In
2009 DeMoraes et al evaluated medical records of 43,650 patients to determine whether
damage to both hemi-fields in glaucomatous eyes predicts more rapid disease
progression than does single-hemi-field involvement. Their conclusion was initial
damage to both hemi-fields increases the risk of glaucoma progression. More
aggressive therapy should be considered for these eyes.* This study illustrates the
importance of careful attention to hemi-function and hemi-structure. Ahrlich et al in 2009
presented a study to compare the pattern, location, and rate of visual field (VF) change
in normal-tension (NTG) and exfoliative high-tension glaucoma (XHTG). There were 139
NTG and 154 XHTG eyes. Their conclusions were NTG eyes progressed more often in
the central VF, independent of other factors. Glaucoma surveillance in eyes with open-
angle glaucoma and statistically normal IOP should include periodic assessment of the
central field.> This report emphasizes the importance of careful attention to the central
field in all variations of variations of glaucoma. Han in 2009 compared the characteristics
of visual field defects (30-2 threshold) in 53 patients with chronic angle-closure
glaucoma (CACG), 42 patients with acute-angle closure glaucoma (AACG) and 42
patients with primary open-angle glaucoma (POAG). There was a significant difference
in the number of patients with central visual field damage among the three glaucoma
groups (chi2 = 10.385, P = 0.006). The POAG cases had the greatest rate of central
visual field damage (52.38%), followed by acute angle-closure glaucoma (47.62%), the
central visual field of CACG is the least suffered (22. 64%). They also found that the
damage of superior and the inferior hemi-field in both types of angle-closure glaucoma
are similar to POAG.® This study emphasizes the importance of careful attention to both
the central field and hemi-field analysis. Nagai-Kusuhara et al 2009 compared the
morphologic alterations between upper and lower sectors of the optic nerve head (ONH)
in eyes with primary open-angle glaucoma (POAG) that have hemi-field visual field
defects. Visual field testing with Humphrey Field Analyzer and imaging with Heidelberg
Retina Tomograph (HRT) were performed in 87 eyes from 87 Japanese patients with
POAG and 150 eyes from 150 normal subjects. They then evaluated the correlation
between this sectoral ONH damage and visual field sensitivity loss within the
corresponding clustered test points of standard automated perimetry. They found that
HRT measurements in both POAG groups were significantly different from those of
controls, not only in the sectors corresponding to abnormal hemi-field, but also in the
sectors corresponding to the normal visual hemi-field. There was a linear correlation
between the sectoral HRT parameters and clustered visual field sensitivities in the
affected hemi-field areas. They then surmised that that the relationship between
structural and functional damage of glaucomatous optic neuropathy is not linear when
evaluated with the currently available techniques and instruments.” Ferreras et al 2008
set out to establish a map relating visual field test points to corresponding areas of
retinal nerve fiber layer measured with OCT in patients with identified glaucomatous
optic neuropathy. One hundred four subjects underwent standard automated perimetry
(SAP) and imaging with OCT. Factor analyses of the mean thresholds for the SAP test
points were performed, independently for each hemi-field, to define regions of related
points and distributed the visual field points into five regions for each hemi-field. They



concluded that there was a moderate association between the asymmetry of the visual
field regions and the RNFL thickness in patients with glaucomatous optic neuropathy, as
measured by OCT.®2 The last two cited studies corroborated the association of structural
and functional loss in glaucoma. Hoffman et al in 2006 evaluated One hundred twenty-
one glaucoma patients and 65 healthy subjects from the Diagnostic Innovations in
Glaucoma Study (DIGS). RNFL measurements were obtained from 16 equal
parapapillary sectors. Patterns of VF loss were classified as arcuate, partial arcuate,
nasal step, or paracentral in each VF hemi-field. VF patterns in the superior hemi-field
were significantly associated with RNFL sectors in the temporal inferior hemiretina (P <
.05). The receiver operating characteristic curve (ROC) areas for discrimination between
eyes with different VF patterns and healthy eyes ranged from 0.85 to 0.95. VF patterns
in the inferior hemi-field were most strongly associated with temporal superior RNFL
sectors (P < .05). ROC curve areas for discrimination between different VF patterns and
healthy eyes ranged from 0.73 to 0.98. SLP could discriminate between apparently
unaffected VF hemi-fields in glaucoma eyes and VF hemi-fields in healthy eyes.
Parapapillary RNFL thickness was topographically related to patterns of VF loss. SLP
can differentiate between apparently unaffected VF hemi-fields in glaucoma eyes and
normal VF hemi-fields in healthy eyes.’ This study both corroborated the relationship of
structure and function in glaucoma and the concept of hemi-function and hemi-structure.

In 2006 Choi reported on fifty-six Asian normal-tension glaucoma patients with localized
visual field defects confined to 1 hemi-field and 43 normal control participants. His
results suggested that structural loss occurs in the absence of measurable functional
loss. Seven of 56 eyes with NTG showed abnormal RNFL thickness parameters
(P<0.05) in the quadrants without visual field defects, whereas no eye showed abnormal
RNFL thickness parameters (P<0.05) in the matched quadrant of the control group.
Perimetrically normal hemi-fields of NTG eyes showed significantly lower RNFL
thickness parameters than the corresponding retinal regions of healthy eyes, as
measured by SLP-VCC." Choi et al reiterated the importance of the hemi-function and
hemi-structure issue while adding that structure loss may precede function loss.
Mastropasqua et al 2006 published a report of one eye of 60 consecutive normal
individuals and 60 OHT subjects enrolled in a prospective observational comparative
case series study. All subjects underwent Matrix FDT perimetry mean deviation (MD),
pattern standard deviation, glaucoma hemi-field test, and 12 OCT RNFL thickness
parameters. OCT showed a statistically significant difference between the 2 groups
when examining the ratio between the inferior and the superior mean RNFL thickness
(P=0.004). For OCT, the parameter with the largest area under the receiver operating
characteristic curve (AUROC) for discriminating between healthy and hypertensive eyes
was the ratio between the mean inferior and superior RNFL thickness (AUROC=0.85,
sensitivity=75% at specificity=83%, sensitivity=67% at specificity=92%). For Matrix FDT
perimetry, the parameter with the largest AUROC was MD (AUROC=0.78,
sensitivity=67% at specificity=83%, sensitivity=58% at specificity=92%). The AUROCs
confirm that OCT lavg/Savg and Matrix FDT MD show the greatest sensitivity and
specificity among the examined OCT and Matrix FDT parameters.’’ Mastropasqua et
al demonstrated the strength of the evaluation of inferior compared to superior averages
of the RNFL in the differential diagnosis of glaucoma.

Hong et al in 2007 reported on 65 primary open-angle glaucoma patients with early-
stage visual field defects on standard automated perimetry and 56 healthy subjects.
They looked for the maximal discriminating ability for early glaucoma in the Humphrey
matrix perimetry. They analyzed the mean deviation, pattern standard deviation,



Glaucoma Hemi-field Test, number of points that have a p < 5% in pattern deviation plot
(PDP) and number of points that have a p < 1% in PDP. The area under the receiver
operating characteristic curve (AUROC) were 0.795, 0.808, 0.689, 0.985 and 0.946,
respectively. Their conclusion was the number of points that had a p < 5% in PDP was
the best discriminating parameter for early glaucoma detection using Humphrey Matrix
perimetry.’> The results of this study bring us back to the fact that doctors cannot rely
on just one question or one test to determine the diagnosis or management plan. The
more relevant information attained in the examination, the more likely the proper answer
will be attained.

The value of both hemi-field analysis and central field threshold testing is well
corroborated in the literature. The additional issue that can be inferred from the
literature is the fact that structural loss as measured by fourier domain and time domain
OCT will precede functional loss as measured by currently accepted testing modalities.

The Concept of Hemi-Retinal Nerve Fiber Layer and Hemi-Ganglion Cell Complex
Assessment

The asymmetry rule carries over to virtually all assessment of ocular structure and
function. Manifestations of Herpes Zoster, Bell’s palsy, pupillary assessment, intraocular
pressure, and iris color variations all illustrate the importance of the symmetry concept.
Asymmetry of hemi-fields and hemi-disc structure is critical in the diagnosis and
management of the glaucoma patient.

The optic nerve with its termination at the horizontal raphe offers an excellent
opportunity for differential diagnosis. Cited studies have corroborated the value of hemi-
field analysis, central field analysis and the comparison of superior to inferior RNFL
analysis. The superior and inferior ganglion cell complex (GCC) which represent the
termination of the nerve fibers between the lateral geniculate body and the retinal
structure offer one more opportunity to apply the symmetry concept to differential
diagnosis and management. Because of the natural process of ganglion cell death prior
to loss of retinal nerve fibers, GCC analysis may offer an earlier opportunity for
differential diagnosis. Analysis of retinal nerve fiber layer loss above and below the
horizontal also affords the clinician another opportunity at assessment of asymmetry.
The following schematic (Figure 7) demonstrates a right eye with the RTVue overlay of
the area around the disc assessing RNFL and the area of the macula assessing the
GCC. One can readily identify the ability of these two measuring techniques to
determine differences above and below the horizontal raphe. This provides one more
method of quantifying the differences in the hemi-structure and the hemi-function.



Figure 7 The RTVue Scanning Zones for Assessment of the Peripapillary Retinal
Nerve Fiber Layer (RNFL) and Ganglion Cell Complex (GCC)

As with all diagnostic-testing procedures in healthcare the GCC analysis does not stand
alone but must be correlated with other testing procedures as well as clinical
presentation. It is of foremost importance when comparing any structural assessment
with functional assessments that the sensitivity of the testing protocol matches. Low
sensitivity functional testing will never equate to high sensitivity structural assessment.
Glaucoma, by definition, is a multi-factorial optic neuropathy characterized by a loss of
retinal ganglion cells with subsequent loss of the retinal nerve fibers ultimately resulting
visual impairment. In the genesis of the glaucomatous optic neuropathy the pinched
axons at the lamina cribrosa alter the flow of brain derived neurotrophin factor (BDNF) to
the ganglion cells from the lateral geniculate body. BDNF is critical to the maintenance
of health of the ganglion cells and the altered supply results in ganglion cell death
(mitochondrial destruction) followed later by loss of the retinal nerve fiber layers. The
macula region contains over 50% of all retinal ganglion cells and is likely an ideal region
to detect early cell loss and changes over time because of the high density of cells. The
function and structure of the retinal ganglion cells encompass three layers in the retina,



1) the retinal nerve fiber layer (NFL) which is made up of the ganglion cell axons, 2) the
ganglion cell layer (GCL) which is made up of the ganglion cell bodies, and 3) the inner-
plexiform layer (IPL) which is made up of the ganglion cell dendrites. All three layers,
collectively known as the ganglion cell complex (GCC), become thinner as the ganglion
cells die from the glaucomatous process.

It is also critical to realize that GCC analysis is not limited to the differential diagnosis
and management of glaucoma but likewise has application in numerous neurological
and retinal conditions. GCC analysis is providing one further method of differential
diagnosis and understanding of ocular conditions through in vivo dissection of retinal
structure. Fourier domain OCT is able to directly measure the thickness of these 3 layers
and provides a unique opportunity for the analysis of the Ganglion Cell Complex. To
reiterate, ganglion cell (GCC Complex) loss likely precedes RNFL loss and functional
assessment of this process is totally dependent on the sensitivity of the visual field
testing procedure. Much of this sensitivity is dependent on the test point spread and
threshold levels.

Figure 8 shows a cross sectional B-scan from the RTVue in the macula region.
Because of the high depth of resolution available in the Fourier domain

technology, the GCC can be separated from other retinal layers.

Figure 8. Figure 1 illustrates the segmentation of
the GCC layer comprised of the NFL, GCL, and
IPL compared to the segmentation of the entire
retina. The high depth resolution of 5 microns
helps enable this type of inner-retina segmentation
that is not possible in older time domain OCT
devices with worse depth resolution.

With the RTVue, the raw GCC scan data is displayed as a thickness map of the GCC
layer as shown in Figure 9 a and b. The thickness map is color coded where thicker
regions are displayed in hot colors (yellow & red), and thinner areas are displayed in
cooler colors (blue & green). The GCC map for a normal eye shows a bright circular
band surrounding the macula representing a thick GCC from healthy ganglion cells (see
figure 9 a). The center of the macula is thinner because there are no ganglion cells in
this area. In glaucoma, as the ganglion cells are lost, the GCC complex becomes
thinner (figure 9 b).

Figure 9a &9 b. Figure 9 a
(left) shows the GCC thickness
map for a healthy eye. Note the
thick band surrounding the
macula. Figure 9 b (right)
shows the GCC thickness map
for a glaucoma patient. Note a
decreased in the thickness of
this band around the macula.

It is also important to recognize the fact that the RTVue is able to perform progression
analysis not only on the retinal nerve fiber layer, but also the GCC. Berisha et al report
that their results show that RNFL thickness measurements obtained with the RTVue are
highly reproducible. RTVue FD-OCT seems to be a promising technology that can be



used in the clinical setting both in terms of diagnosis and management of patients with
glaucoma.™ This progression analysis and valid repeatability affords the clinician the
ability to carefully follow many parameters of the patient on both monitoring and
intervention.

The GCC analysis offers another important piece of structural information for a full
glaucoma assessment. Imaging of the macula for glaucoma is not without precedent. In
the past, several studies have tested the diagnostic accuracy of OCT macula
measurements with OCT peripapillary RNFL measurements. In 2005, Medeiros and
colleagues found that the peripapillary RFNL measurements were statistically
significantly more accurate for detecting glaucoma compared to the macula thickness
measurements.™ In a similar study, Wollstein and colleagues 2005 found the same
results, where peripapillary RNFL measurements were significantly more accurate
compared to macula measurements.’ In both of these studies, however, the OCT used
was a time domain OCT which has a much slower scan speed compared to the RTVue,
a Fourier domain OCT system (400 A scans/ sec for the Time Domain compared to
26000 A scans/ sec for the RTVue). Furthermore, the time domain OCT has a lower
depth resolution compared to the RTVue (10 micron depth resolution for Stratus vs 5
micron resolution for the RTVue). The limited depth resolution for the time domain OCT
allowed for only full macula thickness to be measured and analyzed in both studies
rather than being able to differentiate specific layers. The higher resolution RTVue
system allows for more specific segmentation where only the retinal layers associated
with the ganglion cells may be analyzed. This method of segmentation of the ganglion
cell complex targets the layers directly associated with the ganglion cells. One study by
Tan et al 2008 used their own software to segment the GCC in Stratus scans and found
the GCC was more diagnostically accurate than the full retinal thickness values.®
Comparing the GCC values from the RTVue with full retinal thickness with the Stratus, a
recent study reported by Huang et al 2008 from USC found that RTVue GCC values
were significantly more accurate than full thickness macula values in time domain OCT
for detecting glaucoma in the same patients.”” This study suggests that the GCC
analysis may provide a more accurate assessment of glaucoma than the Stratus macula
analysis.

Fourier Domain OCT is relatively new, and few studies have been published in peer
reviewed journals so far. However as early as 2005 Bagga et al reasoned that localized
macular thickness changes exist in glaucomatous eyes with regional visual field loss."
There are several new reports out now about the GCC analysis with the RTVue. Tan et
al in 2009 reported that the higher speed and resolution of FD-OCT improved the
repeatability of macular imaging compared with standard TD-OCT. Ganglion cell
mapping and pattern analysis improved diagnostic power. The improved diagnostic
power of macular GCC imaging is on par with, and complementary to, peripapillary NFL
imaging. Macular imaging with FD-OCT is a useful method for glaucoma diagnosis and
has potential for tracking glaucoma progression.' In one study, Takagi et al 2007
showed the GCC analysis significantly detected GCC thinning in eyes with visual field
defects in one hemisphere and significantly correlated with the severity of visual field
loss.”® In another study, Mori and colleagues 2008 found that the GCC analysis
significantly differentiated normal from glaucoma and had an Area under the ROC of
0.91. The GCC analysis also significantly correlated with visual field damage.?'
Kanadani et al 2006 investigated the correlation of structural measurement of the
macular area with optical coherence tomography compared to two functional
measurements, 10-2 and multifocal visual evoked potential. 55 eyes with open-angle



glaucoma were enrolled. The conclusion was good agreement exists between macular
thickness and functional defects in patients with glaucoma. Study of the macular region
may provide a quantitative measure for disease staging and monitoring. Additionally, for
the OCT the outer and inner inferior regions were the most likely to be abnormal, and
both functional techniques were most abnormal in the superior hemi-field.?? Schulze et
al reported at the ARVO Congress 2009 the first study evaluating the ganglion cell
complex in different experimental groups using high resolution OCT. They found that
glaucoma patients had significant thinner GCC thickness compared to the other
groups.?® At the same meeting Chen et al reported that both GCC and RNFL thickness
as measured by FD-OCT showed statistically significant correlations with glaucoma.
GCC thickness measurements may be a promising parameter as NFL thickness in the
clinical assessment of glaucoma.?* Takamatsu et al reported results at ARVO 2009 that
glaucoma leads to the thinning of the macular Ganglion Cell Complex Layer (mGCCL)
and macular total retina (mTR). The mean deviation (MD) (representing visual field loss),
mGCCL and mTR thickness showed significant co-efficiency, but the macular outer
retinal layer (mORL) did not. Measurement of the mGCCL using RTVue-100 was
suggested to facilitate effective glaucoma detection and evaluation.®

These results suggest the GCC is a robust analysis that can accurately differentiate
normal from glaucomatous eyes, and that the degree of GCC loss significantly correlates
with the severity of visual field loss. Furthermore, anecdotal clinical evidence suggests
the GCC may detect damage before the peripapillary RNFL measurements, however
this possibility requires further clinical validation and studies. When one considers the
brain derived neurotrophin factor pathway and its relationship to ganglion cell loss
occurring prior to nerve fiber layer loss, the clinicopathology also supports this
supposition.

When considering the results of the GCC analysis compared to the results of
peripapillary RNFL (pRNFL) thickness measurements, some patients will likely show
GCC damage first. However one might also expect cases where the pRNFL values
change in advance of GCC values. Seong et al in a report presented at ARVO 2009
concluded that average macular Inner Retinal Layer (MIRL) thickness measured by SD-
OCT showed comparable glaucoma discrimination capability to average RNFL
thickness. MIRL thickness as obtained by RTVue SD-OCT can be an alternative to
RNFL thickness for detection of glaucoma.?® Pekmezci et al likewise presented their
study at ARVO 2009 concluding that focal areas of abnormal ganglion cell layer
thickness (GCLT) correlate with the presence of defects in the corresponding VF hemi-
field with moderate sensitivity and specificity. Although classifications of average
thicknesses as normal or abnormal for each hemi-field were found to be specific, their
low sensitivity limits their use to predict the presence of visual field defects. This
addresses the conundrum of hemi-structure preceding hemi-function.?’  Bagnis et al
ARVO 2009 carried it one step further finding a significant correlation (p < 0.01) between
RGL thickness and functional parameters in both global and sectoral analysis; a
significant correlation (p < 0.01) was also found between RGL thickness and the most
part of HRT stereometric parameters in both global and sectoral analysis.?® Vajaranant
et al added that In their cohort of patients with advanced glaucoma, using the
commercially available RTVue software, the (peripapillary Nerve Fiber Layer) pNFL
thickness better correlated with function than macular Ganglion Cell Complex (mGCC)
thickness averaged over hemi-fields.*® This only points to the importance of utilization of
multiple modalities available to assist in the diagnosis and management of patients. An



interesting study by Tan et al 2009 found that combining GCC, RNFL and optic disc
parameters in a machine learning classifier (e.g., a neural network approach), the
diagnostic accuracy for the combination of results outperformed any single analysis
alone.” It is likely this strategy of combining results from different structural analyses will
become a powerful method for assessing ocular health in glaucoma and possibly other
optic neuropathies. This further emphasizes the fact that the clinician must consider all
diagnostic modalities in the clinical decision making process. The hemi-structural
analysis of the ganglion cell complex offers one such dynamic tool to add to the clinical
arsenal.

In order to quantify assessment of asymmetry one may look to Budenz 2008 who
compared the symmetry between the right and left eyes of the normal retinal nerve fiber
layer measured with optical coherence tomography. In 108 “normal” patients the mean
RNFL thicknesses were measured and compared. The conclusion was mean RNFL
thickness between the 2 eyes of normal individuals (inter-eye comparison) should not
differ by more than approximately 9 to 12 mum, depending on which scanning algorithm
of OCT3 is used and which eye measures thicker. Differences beyond this level suggest
statistically abnormal asymmetry, which may represent early glaucomatous optic
neuropathy.®' Sugimoto et al in 2004 compared the symmetry of ocular hypertensives,
normals and glaucomatous eyes with OCT looking at the RNFL thickness. To calculate
the symmetry ratios, the circle was divided into the superior and inferior hemiretina. The
superior hemiretina was further subdivided into three (area |, temporal 45 degrees; area
I, superior 90 degrees; and area lll, nasal 45 degrees ) or five (with areas 1-5, each
spanning 36 degrees ) zones. The symmetry ratios were defined as the ratios comparing
the RNFL thickness within each of the zones with that in the analogous zone in the
inferior hemiretina. The results showed that RNFL thickness measurements could
distinguish glaucomatous eyes from other groups, but could not distinguish ocular-
hypertensive from normal eyes.*?

In order to have a point of reference for hemi analysis the following studies give a range
of mean GCC and mean RNFL values as assigned to the 95% normal range. Both the
GCC and pRNFL analysis of superior to inferior allow for little difference within the
‘normal” patient range. These recent results are presented in Tables 1 and 2
representing data from four different projects. The studies have to be expanded to allow
for more specificity in developing ratios based on age which is known to naturally have
associated thinning of both the RNFL and GCC.

Table 1 Tan et al 2009. 65 Normals demonstrating mean, standard deviation, and
the 95% normal range for GCC measurements. '°
Mean GCC Std Deviation 95% Normal Range
Average GCC 94.8 7.5 79.8 t0 109.8
Superior/Inferior
Difference 34 2.9 -24109.2



Table 2 Retinal Nerve Fiber Layer Averages in Normal Patients
Garas et al 2009 14 Normals,*® Sehi et al 2009 50 Normals,** Savini et al 23

Normals®
Garas > Sehi ** Savini ®
Mean | Std 95% Mean | Std 95% Mean | Std 95%
Dev Normal Dev Normal Dev Normal
Range Range Range
Average | 106.7 7.5 91.7 to 103.3 12.6 78.1to 105.8 14.9 76.7 to
RNFL 121.7 128.5 135.6
Superior | 1288 12.8 103.2to | 134.5 18.6 97.31t0 128.44 | 24.48 83.48 to
154.4 171.1 173.40
Inferior | 136.6 12.7 111.2t0 | 129.7 16.9 95.9to 137.15 | 21.99 93.17 to
162.0 163.5 181.13
Y 0.943 1.037 0.936
Ratio
Summary

This analysis and review of relevant literature supports the following regarding hemi-
structure and hemi-functional analysis in the case of differential diagnosis and
management of acquired optic neuropathies.
1. Ocular symmetry or asymmetry affords the clinician the ability to differentiate
congenital from acquired defect utilizing inter and intra-ocular observations and
measurements.

2. Nature has provided a natural bisected structure in the retinal nerve fiber

distribution from the optic nerve head to the horizontal raphe that lends well to

hemi-functional and hemi-structural analysis.

3. Significant refereed literature has been published regarding the validity of the

utilization of hemi-field analysis in all forms of glaucoma.

4. Significant refereed literature has been published regarding the validity of the

utilization of hemi-disc structural analysis and asymmetry in the differential
diagnosis of optic neuropathy.

5. Increasing refereed literature is accumulating regarding the relationship of hemi-
functional analysis and hemi-structural analysis.
6. Increasing refereed literature is accumulating regarding the relationship of the
sensitivity of central visual field analysis in the diagnosis of glaucoma.
7. Increasing refereed literature is accumulating regarding the validity of ganglion

cell complex analysis as a sensitive and accurate method to assist in the

diagnosis of ocular disease. Likewise there is increasing evidence to support the
relationship of ganglion cell complex thinning to functional loss in ocular disease.
This analysis has become a reality through the technology of Fourier Domain
OCT.
8. Individual diagnostic tests do not stand alone in assuring proper assessment of
the patient. The more statistically validated diagnostic tests available to the
clinician, the more likely the proper assessment of the patient.

Fourier domain OCT offers the clinician the ability to analyze not only pPRNFL but mGCC
to assist in the diagnosis. This should be carried into the domain of assessment of
hemi-fields, hemi-pRNFL and hemi-GCC.
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