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PURPOSE. The geometry of retinal nerve fibers may be altered with myopia, a known risk factor
for glaucoma. Recent developments in high resolution imaging have enabled direct
visualization of nerve fiber bundles at the temporal raphe with clinical hardware, providing
evidence that this area is sensitive to glaucomatous damage. Here, we test the hypothesis that
nerve fiber geometry is altered by myopia, both at the temporal raphe and surrounding the
optic nerve head.

METHODS. Seventy-eight healthy individuals participated, with refractive errors distributed
between emmetropia and high myopia (þ0 to �13 DS). Custom high-density OCT scans were
used to visualize RFNL bundle trajectory at the temporal raphe. A standard clinical OCT
protocol was used to assess papillary minimum rim width (MRW) and peripapillary retinal
nerve fiber layer (RNFL) thickness.

RESULTS. Measures of raphe shape—including position, orientation, and width—did not
depend significantly on axial length. In 7.5% of subjects, the raphe was rotated sufficiently
that inversion of structure-function mapping to visual field space is predicted in the nasal step
region. Low concordance to ISNT and related rules was observed in myopia (e.g., for RNFL,
8% of high axial myopes compared with 67% of emmetropes). Greater robustness to refractive
error was observed for the IT rule.

CONCLUSIONS. High density OCT scans enabled visualization of marked interindividual variation
in temporal raphe geometry; however, these variations were not well predicted by degree of
myopia as represented by axial length. That said, degree of myopia was associated with
abnormal thickness profiles for the papillary and peripapillary nerve fiber layer.
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For reasons that are poorly understood, myopia increases the
risk of developing glaucoma.1 It is possible that progressive

axial elongation of the eye exerts biomechanical stress on the
axons of retinal ganglion cells, resulting in thinning of the peri-
papillary nerve fiber layer (RNFL) or deviations to the trajectory
of nerve fiber bundles. These factors could in turn indicate
susceptibility to other glaucomatous stressors. Regardless of
any role played by biomechanical stress, myopic eyes differ in
shape from nonmyopic eyes, which can potentially change the
interpretation of clinical tests in the context of glaucoma
management; therefore, it is important to understand precisely
how retinal tissue changes shape with myopia. These
considerations are expanded upon below.

Characteristic loss of RNFL thickness is a hallmark of
glaucomatous damage,2 and is widely relied upon in clinical
assessment.3,4 In the absence of longitudinal data for a given
patient, comparisons are made to the expected normal pattern
of RNFL thickness. The ISNT rule specifies that thickness
should be greatest inferiorly, then superiorly, nasally, and
temporally. This rule is often violated in the healthy eye for
both neuroretinal rim and peripapillary RNFL measures;
however, variations such as IST and IS are obeyed in a majority

of patients.5 In myopia, concordance with the ISNT rule may be
even less prevalent, with a recent study reporting concordance
of only 12% with the ISNT rule for RNFL thickness.6 This agrees
with other studies that have shown changes in the position of
peak thickness of the peripapillary RNFL in myopia.7,8

In addition to overt changes in RNFL thickness, biome-
chanical forces during axial elongation could lead to deviation
of the trajectory of retinal nerve fibers. Axons of each retinal
ganglion cell trace out either a superior or inferior course as
they travel to the optic disc. In the temporal retina, the axis of
symmetry between superior and inferior bundles is known as
the ‘‘nerve fiber raphe.’’9 Recent developments allow direct
visualization of the temporal raphe,10,11 including widely
available clinical instrumentation such as spectral domain
optical coherence tomography (OCT),12 with imaging settings
used routinely in the clinic.13 In some individuals, there is
significant departure from an assumed horizontal ra-
phe.10–12,14 Clinically, the raphe position is relevant to the
combined assessment of functional (e.g., visual field) and
structural (e.g., OCT) data.15–17 Small deviations in the axis of
symmetry can cause a point in visual space previously thought
to map to one hemisphere of the optic disc, to, in fact, ‘‘flip’’
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to the opposite side.18 Hence, the anatomy of the temporal
raphe may be relevant to improving the assessment of
glaucoma.11,13,14,18–22 Furthermore, the low density of RNFL
bundles in this area may enable direct visualization of changes
to bundle density. Glaucomatous deficits occur characteristi-
cally in this region, which corresponds to the nasal step of the
visual field.23 The orientation of the raphe may also be
relevant for the assessment of other neuroretinopathy; for
example, a localized vascular infarct may appear to cross the
midline and so appear to have a different or nonlocalized
cause.

Previous studies using higher resolution imaging of the
raphe have included few participants (e.g., N¼15 to 25)12,22,24

or have not employed a range of refractive errors,21 thereby
making it unclear whether axial elongation of the eye is an
important determinant of the geometry of retinal nerve fiber
bundles at the raphe. However, there is good reason to
investigate this issue, given differences in fiber distribution at
the disc as previously noted in myopia.7,8 Interindividual
variation in the temporal raphe could not only include
differences in orientation14,24 but also in displacement of the
raphe from the fovea-horizontal axis (which we term
‘‘displacement’’) or in increased width of the apparent fiber-
free zone between hemifields (the raphe ‘‘gap’’).10,11

Here we used a custom high-density OCT scanning protocol
to visualize the temporal raphe in healthy eyes that have
varying degrees of myopia in addition to using standard clinical
scans to measure peripapillary RNFL and papillary minimum
rim width (MRW). We tested the general hypothesis that the
degree of myopia, as represented by axial length, influences
the normal geometry of the retinal nerve fibers. The specific
hypotheses tested were:

1. Myopia alters the normal trajectory of retinal nerve fiber
bundles temporal to the macula.

2. Myopia alters the normal thickness pattern of the retinal
nerve fiber layer nearby and surrounding the optic disc.

MATERIALS AND METHODS

Seventy-eight healthy participants were recruited, based on
detection of a significant correlation between our outcome
measures and degree of myopia corresponding to R

2 > 0.1,
with probability for Type I error < 0.05 and probability for
Type II error < 0.20.

All subjects were provided written informed consent. All
procedures complied with the tenets of the Declaration of
Helsinki and were approved by the Human Research Ethics
Committee of the University of Melbourne.

Mean subject age was 25 years (range, 18–35) and spherical
equivalent (SE) ranged from 0D to�13D (minimum 10 subjects
per 1D range of refraction between 0D to�5D; 27 subjects in
the range �3 to �6D; 17 subjects beyond �6D). Axial length
and vitreous chamber depth (VCD) were measured by A-scan
ultrasonography (AL-100 biometer; Tomey GmbH, Nürnberg,
Germany).

In addition to statistical analysis of the influence of axial
length as a continuous variable, described below, we also
performed analysis for 2 ‘‘extreme’’ groups in our data:

1. ‘‘Emmetropes’’ who did not exceed a refractive error
criterion25 of�0.75 DS in both primary meridia (n¼ 12;
axial length ¼ 22.9 6 1.0 mm).

2. ‘‘High axial myopes’’ who had spherical equivalent
��6.00 D and axial length ‡26.0 mm (n ¼ 12; axial
length ¼ 27.2 6 0.8 mm).26

Temporal Raphe Assessment

OCT data was acquired with a Heidelberg SPECTRALIS with
the Glaucoma Module (Heidelberg Engineering GmBH, Heidel-
berg, Germany). Following our previously published method,13

the temporal raphe was assessed in the right eye from 2
partially overlapping, vertical, high density cube scans (11 lm
separation, 108 width 3 158 height). Fixation was guided by the
internal spot within the device, and the acquisition region was
finetuned relative to the spot by moving the position of the
acquisition window in the Spectralis software (Heidelberg).
Each high density scan required approximately 5 minutes
acquisition time, dependent on fixation quality. En face
intensity images were generated at the RNFL and montaged
to cover an area from the fovea to at least 158 temporal.

The apparent axis of symmetry (midpoint) of the raphe was
independently labeled by each of three experienced graders at
4 locations across the image. Exported intensity images at the
level of the NFL were annotated in Adobe Photoshop CS2
(Adobe Systems, San Jose, CA, USA). Subjects were instructed
to imagine the raphe as a straight line (example shown in
magenta in Fig. 1B) and to label points that best represented
the trajectory of this line. Labels were spaced evenly, subject to
limitations arising from reflective artifacts at the RNFL. The

FIGURE 1. Key anatomical definitions used. (A) The sign convention
adopted for specifying the relative geometry of the fovea, disc, and
temporal raphe (blue), and the measurement zones for minimum rim
width (orange), and retinal nerve fiber layer thickness (green). (B) The
assessment of raphe shape according to a straight line approximation
(magenta), local displacement from the horizontal axis (yellow spots),
point of half-density defining each edge of the raphe (green lines), and
tangent to the local nerve fiber bundle direction (blue lines). Each
shape parameter was assessed in 28 increments of eccentricity, within a
box 28 wide (red).
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average angle formed between each label and the foveal center
was calculated to estimate overall raphe orientation.

Anatomical angles are illustrated in Figure 1A and described
previously.13 The angle between fovea, disc, and horizontal
axis was automatically determined by the Spectralis assessment
of Bruch’s membrane opening (BMO), with manual adjustment
and confirmation by the operator. We term this the ‘‘fovea-
disc’’ angle, with negative sign indicating a fovea inferior to the
disc. The angle between the fovea, temporal raphe, and
horizontal axis is the ‘‘fovea-raphe’’ angle, with positive sign
indicating a raphe that slopes upward, away from the fovea.
The angle between the three anatomical structures is the ‘‘disc-
fovea-raphe’’ angle.

Raphe shape was characterized in greater depth as
illustrated in Figure 1B (yellow, green, and blue markings). In
28 increments of eccentricity, within a box 28 in width (red),
the graders each marked (1) the central axis of the raphe
(yellow), (2) the point at which RNFL density appeared half-
maximal (green), and (3) the tangent to the nerve fiber bundle
trajectory (blue). If the relevant parameter could not be
assessed, no label was made. Cronbach’s alpha27 showed
strong agreement (0.92) between graders for labeling the
raphe center, with moderate agreement for the raphe
boundary (0.71) and nerve fiber bundle orientation (0.66).
The grader’s labels were averaged to reduce the influence of
subjectivity.

To estimate statistical power for comparisons specifically
between the emmetropic and high axial myopia sub-groups
referred to above (n¼12 per group), we considered previously
published figures for the standard deviation in raphe angle
(3.28)14 and width of the raphe ‘‘gap’’ (0.378).11 These figures
indicate that a difference in group means should be detectable
(Type I error <0.05, Type II error <0.20) if on the order of 3.98

and 0.458, respectively. These figures are within clinically
significant margins: for the raphe angle, a rotation of 6.38 is
sufficient to ‘‘flip’’ one of the (27.3) points of the SITA 24-2 test
to the other side of the raphe; for the raphe gap, a difference of
approx. 1.28 between normals and mild glaucoma has been
reported,11 based on a similar sample size.

RNFL Thickness Assessment

Peripapillary RNFL thickness and MRW were assessed using
the Spectralis OCT Glaucoma Module (Heidelberg), which
provides 3608 assessment of nerve fiber thickness, respectively,
surrounding the disc (we used the scan positioned 3.5 mm
from the BMO center) or at the edge of the neuroretinal rim
(shortest distance from local BMO to anterior extent of RNFL).
The standard Spectralis analysis groups RNFL measurements
according to the Garway-Heath sectors,28 albeit rotated to
account for each subject’s individually measured fovea-disc
axis. We grouped the superotemporal and superonasal sectors
to create a superior sector, and the inferotemporal and
inferonasal sectors to create an inferior sector, for direct

comparison to the ISNT rule and related rules. The key
structures and sectors are illustrated in Figure 1A.

RESULTS

Relevant parameters for our participants are summarized in the
Table, showing a wide range in degree of myopia and in relative
orientations of the fovea, disc, and temporal raphe.

Figure 2 shows the influence of axial length on the fovea-
disc angle (Fig. 2A), the fovea-raphe angle (Fig. 2B), and the
disc-fovea-raphe angle (Fig. 2C). There was no significant
Pearson correlation among any of the anatomical angles shown
and the degree of myopia, whether measured by axial length (P
> 0.08) or vitreous chamber depth (P > 0.14).

Figure 2D shows the relationship between the fovea-disc
and fovea-raphe angles. As reported previously,11,14 these
parameters are moderately correlated (P < 0.0001, R

2 ¼
0.22) whereby a more inferior insertion of the disc is partially
compensated by a more superior temporal raphe orientation.

Figure 3 plots various raphe shape parameters as a function
of eccentricity for the 78 subjects. Figure 3A shows the
location of the central axis of the raphe, expressed as a
displacement from the horizontal axis passing through the
fovea (i.e., the fovea is at 08; superior displacements are
positive). Axial length is coded, in ascending order, by both
spot color (blue to red) and spot size (small to large). Raphe
displacement was not significantly correlated with axial length
at any eccentricity (8 independent Pearson correlations, P >
0.11). Considering only the emmetropic and high axial myopia
groups, within the central 158 from fixation overall mean
difference was <0.28; within-eccentricity differences were no
more than 0.38 between these groups and did not reach

TABLE. Participant Details (N¼ 78)

Parameter Mean 6 SD Range

Age (y) 25 6 5 18 to 35

Sex (% female) 62% –

Axial length (mm) 24.7 6 1.5 21.3 to 28.8

Vitreous chamber depth (mm) 17.4 6 1.5 14.5 to 21.4

Spherical equivalent (D) �3.75 6 2.75 �13.0 to 0.0

Fovea-disc angle (8) �7.0 6 3.8 �14.9 to 2.9

Fovea-raphe angle (8) 0.9 6 3.4 �5.6 to 10.1

Disc-fovea-raphe angle (8) 172.0 6 3.7 161.0 to 180.3

FIGURE 2. Relative orientation of the fovea, disc and temporal nerve
fiber raphe as a function of axial length of the eye. (A) Angle formed
between the fovea, disc and horizontal axis, abbreviated to ‘‘fovea-
disc.’’ (B) Angle formed between the fovea, raphe and horizontal image
axis, abbreviated to ‘‘fovea-raphe’’ angle. (C) Angle formed between
the disc, fovea, and temporal raphe, abbreviated to ‘‘disc-fovea-raphe.’’
(D) Relationship between fovea-raphe and fovea-disc angles. Less
superior insertion of the disc (positive fovea-disc angle) is partially
compensated by a more superior orientation of the temporal raphe (P
< 0.0001, R

2 ¼ 0.22).
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significance at the 95% level (Student’s t-test with Bonferroni
correction for the number of eccentricities considered). The
most significant difference between these groups was apparent
at 138 eccentricity, data for which is plotted in Figure 3B,
confirming a lack of correlation.

Figure 3C shows raphe width at half visibility. Average
width peaked at approximately 118–138 from the fovea with a
full-width at half maximum of 2.58–38, and decayed from there.
Raphe width was significantly correlated with axial length only
at 38 eccentricity (P < 0.01), however the correlation was
weak (R2¼ 0.10) and was no longer significant (P > 0.05) after
Bonferroni correction for the number of eccentricities
considered. Considering only the emmetropic and high axial
myopia groups, within the central 158 from fixation, overall

mean difference was <0.48; within-eccentricity differences
were no more than 0.78 between these groups and did not
reach significance at the 95% level (Student’s t-test with
Bonferroni correction for the number of eccentricities
considered). The most significant difference between these
groups was apparent at 138 eccentricity, data for which is
plotted in Figure 3D, confirming a lack of correlation.

Figure 3E shows fiber bundle orientation relative to the
vertical direction. As expected, fiber bundle orientation near
the fovea was relatively close to vertical and transitioned
toward being more horizontal, reaching an orientation of 458 at
approximately 158–178 eccentricity. Fiber orientation was not
significantly correlated with axial length at any eccentricity (8
independent Pearson correlations, P > 0.14). Considering only

FIGURE 3. Geometry of the temporal nerve fiber raphe as a function of eccentricity, showing no significant association with axial length. Axial
length is indicated by both the color and size of the filled circles, with longer eyes shown as redder and larger. (A) Displacement of the central point
of the raphe from the horizontal axis passing through the fovea (i.e., fovea is at 08; positive values indicate superior displacements). (B) As for A but
considering only data at 138 eccentricity, now plotted as a function of axial length. (C) Apparent width of the raphe. (D) As for C but considering
only data at 138 eccentricity, now plotted as a function of axial length. (E) Trajectory of fiber bundles. (F) As for E but considering only data at 138
eccentricity. Error bars show 6 1 SEM.
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the emmetropic and high axial myopia groups, within the
central 158 from fixation, overall mean difference between
groups was ~18. Within-eccentricity differences were no more
than ~108 and did not reach significance at the 95% level
(Student’s t-test with a Bonferroni correction for the number of
eccentricities considered). The most significant difference
between these groups was apparent at 138, data for which is
plotted in Figure 3F, confirming a lack of correlation.

Figure 4 shows the thickness of retinal nerve fiber layers at
and near the disc as a function of axial length, for I, S, N, and T
quadrants. Figure 4A shows RNFL thickness 3.5 mm from the
disc, with a significant trend appearing only for inferior (P ¼
0.001) and temporal (P ¼ 0.0001) quadrants after Bonferroni
correction for multiple comparisons by a factor of 8 (S/N/I/T
compared for both RNFL and MRW). Because these associa-
tions are in opposite directions, they may have ramifications
for ISNT and related rules, as explored below. No other
significant associations with axial length were noted (indepen-
dent Pearson correlation for both metrics in 4 quadrants,
Bonferroni corrected by a factor of 8 for the number of
comparisons made).

Figure 5 shows the applicability of various rules of thumb
for distribution of papillary and peripapillary nerve fibers as
measured in our subjects. Probit regression was used to fit the
underlying binary rule concordance. High concordance over
the full range of axial lengths is evident for the T thinnest
(MRW only) and IT rules (both MRW and RNFL). In general,
there was a trend for reduced concordance with increasing
axial length across the evaluated rules; due to the wide
uncertainty of the curve fits, this relationship was only
significant in our dataset for the T thinnest rule (P < 0.005
for RNFL and P < 0.05 for MRW).

Consideration of the binary rule concordance data for
emmetropic and high axial myopia subgroups supports the
probit analysis. The ISNT rule was followed a majority of the
time in the emmetropes for both MRW (58%) and RNFL (67%),
and a minority of the time in the highly myopic group (17% for
MRW, 8% for RNFL). High concordance was obtained in the
high myopia group with the T thinnest rule for MRW only
(RNFL¼ 17%, MRW¼ 83%), and with the IT rule for both MRW
and RNFL (MRW ¼ 92%, RNFL ¼ 75%).

Finally, no significant association was found between raphe
orientation and the papillary/peripapillary nerve fiber mea-
sures (P > 0.29 for 16 individual regressions of fovea-raphe or
fovea-disc-raphe against RNFL or MRW in each quadrant). This
is unsurprising because such a link (1) was not evident
previously for the non-myopic eye14 and (2) would not be
expected to develop in the present subject pool, given that
raphe shape measures did not appear to be associated with
axial length, as reported above.

DISCUSSION

This study evaluated nerve fiber geometry across a range of
axial lengths, using custom high-density OCT scans across
approximately 158. Our study is the first to look systematically
at the impact of myopia on nerve fiber bundle geometry at the
temporal raphe. We found no significant relationship between
the geometry of the temporal raphe and axial length of the eye.
In regard to the nerve fiber layer thickness at and near the disc,
consistent with previous work, we found that several rules of
thumb (such as the ISNT rule) hold less frequently in more
myopic eyes, with the exception of the IT rule for peripapillary
RNFL and the IT and T thinnest rules for papillary NFL.

Trajectory of Temporal Retinal Nerve Fiber
Bundles

Here, we present a more detailed framework for analysis of
raphe orientation and shape than previously reported.
Comparison between emmetropes and high axial myopes
showed that axial elongation did not increase the apparent
raphe gap; indeed, the trend was for a slightly narrower gap in
high myopes. There was also minor superior displacement of
the raphe in the parafoveal region (�0.38 on average). These
differences seem unlikely to be of practical significance. It
should also be noted that angular units correspond to greater
physical distance in a longer eye; for example, the angular
extent of the raphe was narrowed ~20% in the high axial
myopic group as compared to the emmetropic group; this
equates to near-identical physical extent after adjusting for the
19% difference in axial length between the groups (27.2 mm
vs. 22.9 mm). Therefore, our data are consistent with
negligible physical remodeling of the raphe as a result of
increases in axial length due to myopia.

This study confirmed our previous observation of signifi-
cant correlation between the orientation of the raphe and disc
relative to the fovea.14 Specifically, when the disc is inserted
less superiorly, the raphe tends to be tilted more superiorly,
partially conserving the anatomical angle between the disc,
fovea, and temporal raphe. There was, in turn, a mild
correlation between axial length and the fovea-disc angle;
however, this did not manifest in any direct correlation
between axial length and raphe orientation. A potential caveat
to the observed correlation between the above anatomical
angles is any rotational error in positioning the subject’s head
for imaging; rotation of the head would cause all angles to
rotate together, thereby artificially increasing the correlation
coefficient between them. However, test-retest errors for

FIGURE 4. Papillary and peripapillary thickness of the retinal nerve
fiber layer in 4 quadrants (inferior, superior, nasal, temporal) as a
function of axial length. (A) RNFL thickness measured 3.5 mm from the
disc. Inferior and temporal quadrant thicknesses were negatively (P ¼
0.001, R

2¼0.13), and positively (P¼0.0001, R
2¼0.18) associated with

axial length, respectively. (B) Minimum rim width (MRW) measured at
the disc. No significant correlation with axial length was evident.
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angular measures of the kind considered here are approxi-
mately 618,19 which is far less than the variance observed in
our data (see Fig. 2D).

We also confirm our previous observation that in a minority
of eyes, the temporal raphe deviates sufficiently from
horizontal to result in flipping the mapping between visual
field location and expected superior/inferior ONH hemifield.18

In the present dataset, 5 participants had sufficiently non-
horizontal raphe angles to result in aberrant structure-function
mapping for the most nasal points of the 24-2 and 10-2 visual
field maps (Humphrey Field Analyzer, Carl Zeiss, Dublin, CA,
USA). The refractive error of these individuals ranged from
�1.25 to�8.5D. In these individuals, conventional mapping of
structure function is likely to prove problematic (it should be
noted that our measurements of raphe geometry did not
extend beyond 158; the above interpretation requires extrap-
olation of the raphe trajectory to 278 eccentricity).

Recent work tracing RNFL bundles across the posterior
pole from conventional fundus photographs indicates that race
of the participant may be an important contributor to
variability between highly myopic individuals.29 Our study
was not designed nor powered to consider the contribution of
race. Given the difficulty in tracing RNFL trajectory remotely
from the disc with fundus photography,30 the shape charac-
terization approach presented here may prove useful in further
exploring the contribution of racial differences in explaining
variability encountered in high myopia.

Adaptive optics retinal imaging studies have shown that, in
and around the fovea, axial elongation of the eye in myopia is
generally such that the angular spacing between adjacent cone

photoreceptors remains constant (i.e., physical density is
reduced, consistent with a geometric ‘‘stretch’’ of the
globe).31–33 Psychophysical measurements of resolution acuity
and spatial summation in myopic eyes are consistent with a
reduction in retinal ganglion cell density, over and above that
implied from such a ‘‘simple’’ physical stretch.34,35 The results
of the present study indicate that, in angular units, the
geometry of retinal nerve fiber bundles was not differentiable
between highly myopic and nonmyopic eyes. This indicates
that any purported reduction in the density of ganglion cells
was not accompanied by a reduction in the density of nerve
fiber bundles (or alternately, that the angular density of retinal
ganglion cells does not, in fact, decrease with axial length).
Caution should be exercised when interpreting this result,
since it could also be explained by a concomitant change in
packing density of fibers within a bundle, an increase in bundle
visibility compared with the emmetropic eye, or that ganglion
cell density does decrease but not at the temporal raphe.

Thickness of Papillary and Peripapillary Nerve
Fibers

There is relatively little difference in thickness between ONH
quadrants that are compared by ISNT and related rules (for
example, see Fig. 4). For this reason, such rules may be very
sensitive to slight losses in disease; equally, they may show a
high false positive rate due to natural variability between
individuals, measurement error, or small nonpathological loss.
This makes it important to establish how robustly the ISNT rule
is obeyed in the healthy, nonglaucomatous eye. Recent studies

FIGURE 5. Probit regression of concordance data for ISNT and related rules as a function of axial length. Solid lines show best fit for the RNFL (red)
and MRW (blue) measures. Shaded regions indicate 95%CI on fitted curves following bootstrap by subject 10 000 times with replacement; magenta-

shaded regions indicate overlap between the RNFL and MRW confidence intervals. (A) Fit for the I > S > N > T rule. (B) Fit for the I > S > T rule.
The I > S rule is not depicted here, but results looked almost identical to the I > S > T rule. (C) Fit for the I > T rule. (D) Fit for the T thinnest rule.
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have attempted to answer this question and observed that,
contrary to clinical wisdom, the rule is more often than not
disobeyed even in healthy eyes.5 Our results echo this
sentiment in eyes with emmetropia or low myopia, showing
that the problem may be compounded in eyes suffering from
higher myopia. This finding supports another recent study
published on a large myopic cohort.6

For the RNFL, lower concordance in myopia may be
explained by a tendency for temporal RNFL to become thicker
with higher axial length, while inferior RNFL became thinner
(Fig. 4). Although the observed correlation does not account
for a large proportion of the variance, the similar baseline
thickness of superior/inferior and nasal/temporal RNFL, noted
above, means that small changes can cause failure of simple
rules of the type considered here. For MRW, no significant
associations were found with axial length, which may explain
the generally higher rates of concordance observed for rules
based on MRW. Rather than quadrant thickness, other studies
have examined the location of peak thickness in the
peripapillary RNFL7,8; a broad pattern of results is the temporal
movement of superior and inferior peaks in RNFL density. In
accord with the findings of the present study, this would tend
to reduce thickness of vertical quadrants and increase
thickness for the temporal quadrant.

A higher rate of ISNT rule concordance, and corresponding
specificity for diagnosis of glaucoma, has been recently
demonstrated for MRW when compared with traditional
evaluation of the neuroretinal rim in color fundus photogra-
phy.36 Our results showed a trend of higher concordance for
rules based on MRW as compared to those based on RNFL
thickness; this difference became significant for the T thinnest
rule (Fig. 5). For the IT rule in the high axial myopes,
reasonable concordance was apparent for both measures of
MRW (>92%) and RNFL (>75%). Of course, the improved
specificity for these metrics is only relevant to the management
of glaucoma if sensitivity is high, which awaits further study.
Regardless, the present study shows that use of the ISNT rule
for the peripapillary RNFL should not be applied to highly
myopic eyes.

Overall Implications

Overall, this study observed little influence of axial length on
the course of nerve fibers in the temporal raphe region but did
show some differential effects on the thickness of papillary and
peripapillary nerve fibers. Previous studies have observed a
shift in the peak of the peripapillary thickness profile with
axial length7,8; this may produce some expectation that the
trajectory of nerve fibers across the papillomacular area must
be altered in order to produce the observed finding. Our
results are not inconsistent with this since we only analyzed
the shape of the raphe and not the full arc of fibers traversing
the retina; however, the results do demonstrate that any
readjustment of fiber trajectories would not seem to include
the temporal raphe (to within the power of our study). Indeed,
we did not find any association between the thickness of
papillary and peripapillary nerve fibers and the geometry of the
raphe. Our study also did not consider the influence of race in
the highly myopic eye, which may alter the trajectory of retinal
nerve fibers, as mentioned above.29

The geometry of the temporal raphe has been argued to be
relevant for accurate assessment of visual field loss in glaucoma
and marriage of perimetric and structural data from OCT. The
present study, while confirming previous reports of high
interindividual variability in raphe geometry, demonstrates that
systematic adjustment for the degree of myopia is not required
for this endeavor.

However, consistent with other studies, high myopia does
alter the expected pattern of nerve fiber layer thickness at and
near the disc; these changes occur in such a way that
commonly employed rules of thumb (such as the ISNT rule)
become less likely to hold true. The present study suggests
alternate strategies with improved specificity in healthy eyes;
however, further study would be needed to gauge their
sensitivity to glaucoma. In the meantime, use of the ISNT rule
applied to the peripapillary RNFL should be avoided in the
assessment of glaucoma in high myopia.
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