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SIGNIFICANCE:We demonstrate that the visual field defects in patients with tilted disc syndrome can be reduced
or eliminated by neutralizing the peripheral scotoma in the area of posterior retinal bowing, which may allow differ-
entiation between a congenital anomaly and acquired pathology.

PURPOSE: Tilted disc syndrome is a congenital and unchanging condition that may present with visual field defects
mimicking loss seen in neurological diseases, such as transsynaptic retrograde degeneration. Our purpose was to sys-
tematically investigate the ability of a neutralized peripheral refraction to eliminate refractive visual field defects seen
in tilted disc syndrome. This was comparedwith the same technique performed on patients with neurological deficits.

METHODS: TheHumphrey Field Analyzer was used tomeasure sensitivities across the 30-2 test grid in 14patients
with tilted disc syndrome using four refractive corrections: habitual near correction and with an additional −1.00,
−2.00 or −3.00 D negative lens added as correction lenses. Peripheral refractive errors along the horizontal meridian
were determined using peripheral retinoscopy and thus allowed calculation of residual peripheral refraction with
different levels of refractive correction. Visual field defects were assessed qualitatively and quantitatively using
sensitivities and probability scores in both patient groups.

RESULTS: A smaller residual refractive error after the application of negative addition lenses correlated with im-
provement in visual field defects in terms of sensitivity and probability scores in patients with tilted disc syndrome.
Patients with established neurological deficits (retrograde degeneration) showed improvement in sensitivities but
not in probability scores.

CONCLUSIONS: Neutralizing the refractive error at the region of posterior retinal bowing due to tilted disc syn-
drome reduces the apparent visual field defect. This may be a useful and rapid test to help differentiate between
tilted disc syndrome and other pathological causes of visual field defects such as neurological deficits.
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Congenital tilted disc syndrome is a benign physiological distinguish between visual field defects that are due to a benign

anomaly commonly seen in clinical practice.1 Although the
exact definition of tilted discs is not consistent across current
literature,2–4 tilted disc syndrome represents a constellation of
clinical features that characterize this anomaly, including tilt
(or oblique insertion) of the optic nerve and situs inversus of
the blood vessels exiting the disc, with or without visual field
defects corresponding to the region of fundus ectasia.1

Tilted disc syndrome is thought to arise from a defect at the
closure of the embryonic fissure, a theory that is supported by
the most common location of ectasia, the inferonasal loca-
tion.5,6 The relative myopic defocus in the region of fundus
ectasia then leads to a visual field defect.7 Because of the posi-
tion of the posterior bowing, the corresponding visual field de-
fect is therefore most commonly located in the superotemporal
field,3,8,9 although other defects such as arcuate scotomas and
enlarged blind spots may be present. Because tilted disc syndrome
is a commonly bilateral condition, this leads to the problem of po-
tentially symmetrical visual field defects that canmimic functional
losses occurring in pathologies such as retinal, optic nerve, and
neurological disease.10–12 It is clinically important to be able to
congenital anomaly and those that are attributable to disease.
Previous studies have reported that improvements in visual

field sensitivity can be achieved in perimetry when using a neg-
ative addition lens. The theoretical framework is shown in Fig. 1,
in which the negative addition lens diverges rays of light to
focus more appropriately on the posteriorly bowed, but other-
wise healthy retina. One study found improvement in the extent
of the visual field measured using kinetic perimetry when using
negative addition lenses in patients with tilted disc syndrome.13

More recently, we reported an empirical case of improvement
in visual field sensitivity when measured using standard auto-
mated perimetry in a patient with tilted disc syndrome when
using a fixed −3 D negative addition lens.12 However, studies
have not determined the quantitative relationship between the
extent of fundus ectasia and visual field defect, nor do there
exist any guidelines as to the optimal negative addition lens for
reducing or eliminating the visual field defect.

In the present study, we systematically examined the role of
negative addition lenses in eliminating the scotomata seen in pa-
tients with tilted disc syndrome in the region of fundus ectasia.
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FIGURE 1. Theoretical framework behind the use of a negative addition lens in tilted disc syndrome. The yellow dashed lines indicate a circular arc. In
(A), a patient with tilted disc syndrome has posterior bowing of the retina (blue arrow). A negative addition lens can focus rays of light more appropriately
at the region of posterior retinal bowing by diverging rays of light. A patient with generally regular retinal curvature is shown in (B). The green arrows in-
dicate regions with near normal curvature and/or slight anterior shift (relative hyperopic defocus). The fundus photographs of the corresponding repre-
sentative patients are shown directly below. In (C), the optic nerve head displays tilt and torsion, with situs inversus of the adjacent retinal blood vessels
typical of tilted disc syndrome. In (D), the optic nerve head is fairly oval in appearance, without tilt or torsion.

Visual Field Defects in Tilted Discs— Phu et al.
We hypothesized that the scotomata is refractive in origin, owing to
the relative myopic defocus, and therefore, there exists an optimal
level of refractive correction that can eliminate it. In this explor-
atory proof-of-concept study, we determined the relative peripheral
refraction in patients diagnosed with benign tilted disc syndrome
and then correlated this with visual field sensitivities measured
using standard automated perimetry in conjunction with different
levels of negative addition lenses. Quantification of the changes
in visual field status would be desirable to correlate with the qual-
itative alterations seen in practice and the structural changes in the
www.optvissci.com Optom Vis Sci 201
ocular examination. We also tested a small number of patients with
true pathologic visual field loss arising from neurological insults (at
the chiasm or in higher cortical areas) leading to the epiphenomenon
of transsynaptic retrograde degeneration.14 The prediction was that
patients with true visual field defects due to pathology would show
no improvement with negative addition lenses. The overall hypothe-
sis of the studywas that neutralizing the relative peripheral refraction
in patients with tilted disc syndrome, but not in patients with retro-
grade degeneration due to a neurological insult, would eliminate
the refractive scotoma.
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METHODS

Participants

Fourteen patients with tilted disc syndrome and four patients
with neurological deficits along the visual pathway resulting in sub-
sequent retrograde degeneration were prospectively recruited for
the study (Table 1). Suitable patients were identified from themed-
ical records of patients seen at the Centre for Eye Health (University
of New South Wales). All patients had undergone prior extensive
ophthalmic testing at Centre for Eye Health, which included visual
acuity, standard automated perimetry (using the Humphrey Field
Analyzer; Carl Zeiss Meditec, Dublin, CA), applanation tonometry,
gonioscopy, dilated fundus examination, color fundus photography
(Kowa nonmyd 7; Kowa Medical, Sendai, Japan), and advanced
imaging of the optic nerve head and macula (optical coherence to-
mography with Cirrus HD-OCT; Carl Zeiss Meditec). Aside from the
relevant criteria used for the diagnoses of interest (tilted disc syn-
drome and neurological deficits; see subsections hereafter), other
general inclusion criteria included age older than 18 years, visual
acuity of 20/30 or better in the tested eye, no diabetes, no significant
cataracts (Lens Opacity Classification System >115) or other media
opacities affecting the visual field, and the ability to undertake re-
liable visual field testing. Other exclusion criteria included previous
ocular surgery (aside from routine uneventful cataract surgery) or in-
jury and other ocular or neurological diseases that affect the visual
field (e.g., glaucoma, except for the patients with neurological defi-
cits resulting in retrograde degeneration in that group). A previous
study by Anderson et al16 has extensively documented the effects
of dioptric blur on the visual field sensitivities in normal participants.
Ethics approval was given by the Human Research Ethics Commit-
tee at the University of New South Wales, and the experiment
followed the tenets of the Declaration of Helsinki. All patients gave
their written informed consent before participation in the study.

Patients with Tilted Disc Syndrome

Criteria for a diagnosis of tilted disc syndrome for inclusion in
the present study included tilt of the optic nerve head (defined as
a difference between the maximum and minimum surface eleva-
tion of the disc; clinically, the ovality index was used, and in this
study, it was required to be ≤0.75 for tilted disc syndrome2), situs
inversus of the major retinal vessels exiting the disc, posterior bow-
ing of the retina in a region surrounding the optic nerve head (con-
firmed using ultrasound biomicroscopy and optical coherence
tomography), and visual field defects correlating to the disc and
fundus appearance. The diagnosis of tilted disc syndrome was
agreed upon by three independent Centre for Eye Health clinicians
who were all experienced with ocular imaging. These participants
TABLE 1. Patient demographics

Age, mean (range) (y)

Sex (male/female)

Spherical equivalent refractive error, median (range) (D) −

Humphrey Field Analyzer mean deviation, median (range) (dB) −

Humphrey Field Analyzer pattern standard deviation, median (range) (dB)
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either had unilateral or bilateral tilted disc syndrome. For participants
with bilateral tilted disc syndrome, one eye was randomly selected
for testing. For participants with unilateral tilted disc syndrome,
data were collected for the eye with tilted disc syndrome. In total,
14 suitable patients were identified and were prospectively tested.

Patients with Neurological Deficits

Patients within the neurological deficits group had structural
and functional loss solely attributable to the anomaly along the vi-
sual pathway (confirmed with neuroimaging: computed axial to-
mography or magnetic resonance imaging) and not owing to other
ocular pathologies or anomalies (e.g., tilted disc syndrome or glau-
coma). Patients within this group included one patient with a com-
pression lesion at the chiasm and three patients with insults
beyond the chiasm. These patients all had characteristic structural
losses visible on optical coherence tomography and corresponding
functional losses apparent on standard automated perimetry. Four
suitable patients with retrograde degeneration were identified and
prospectively examined. Note that, for two participants, their fun-
dus photographs and optical coherence tomography results have
been reported, in part, by Zangerl et al.14 The characteristics of pa-
tients from both groups are shown in Table 1, including baseline
Humphrey Field Analyzer mean deviation and pattern standard
deviation scores.

Visual Field Testing

The Humphrey Field Analyzer was used to measure sensitivities
at 75 locations (including the fovea and excluding the two points
adjacent to the physiological blind spot) across the 30-2 test grid
using standard parameters (an achromatic Goldmann size III target
presented for 200 milliseconds). The SITA-Standard thresholding
algorithm was used in this study to reflect the typical procedures
used in clinical practice.17 Furthermore, the 30-2 test grid was
used to obtain measurements of visual field sensitivity that were
symmetrical about the vertical midline.18

Four different refractive corrections were used for each patient.
The first refractive correction was the patient's normal near correc-
tion, inclusive of an age-normal near addition (beginning with
a +1.00 D addition lens for subjects 30 to 39 years old), as recom-
mended by the Humphrey Field Analyzer. The other three condi-
tions were the normal near correction plus negative addition
lenses of −1.00, −2.00, and −3.00 D on top. Testing was per-
formed at least twice with each refractive correction. Testing was
performed with the fellow eye patched and with natural pupils.
The order of testing with each refractive correction was randomized
to minimize order effects and lens adaptation effects on the results
(especially given that each condition was performed at least twice).
Tilted disc syndrome Neurological deficits with retrograde degeneration

(n = 14) (n = 4)

54.3 (36–73) 57.0 (41–74)

6:8 4:0

3.31 (−6.75 to 0.00) −0.25 (−0.75 to +0.75)

1.99 (−2.73 to −1.30) −9.75 (−18.78 to −3.83)

2.35 (2.12–3.11) 14.50 (5.93–17.06)
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Visual Field Defects in Tilted Discs— Phu et al.
For each session, participants were given sufficient breaks between
each test to prevent fatigue. All patients had had extensive prior
experience with standard automated perimetry testing. Fixation
loss rates and false-positive rates were used as reliability indices
for determine whether the result was included for analysis (<20%
required for both criteria). False-negatives were not part of the reli-
ability criteria, as regions of the visual field with poor sensitivity
maymanifest as high false-negatives, not necessarily owing to poor
reliability but because of greater uncertainty.

Analysis of Visual Field Results

Resultant sensitivity data (in dB) were extracted directly from
the Humphrey Field Analyzer printout. Sensitivity data were aver-
aged at each spatial location for analysis. These results were then
correlated with peripheral refraction at different retinal eccentrici-
ties. As the individual's residual refractive errors were correlated
with their own visual field sensitivity results, age correction was
not performed.19

Because the refractive scotomata induced by tilted disc syn-
dromemay have only small alterations in sensitivity results, we also
examined the P scores at each spatial location. The P score is an
empirically determined score assignment based on the level of sta-
tistical significance of the defect flagged by the pattern deviation
map, especially in cases of only mildly reduced sensitivity and sub-
tle patterns of loss or in patients in whom generalized depressions
may threaten to mask focal patterns of pathological loss.20 Such
maps are commonly used in clinical practice as a means to deter-
mine patterns of statistically significant visual field anomalies.21,22

The Glaucoma Hemifield Test on the Humphrey Field Analyzer,23

for example, uses these scores to determine the presence of
hemifield asymmetries in terms of statistically significant visual
field defects. The P scores used by the Glaucoma Hemifield Test
also scale with the depth of defect (at P < .01 or P < .005, the pat-
tern deviation result is multiplied by 10), but differences on the
printout are indistinguishable; that is, they use the same key at that
P level irrespective of the depth of defect. Therefore, unlike the
work of Asman and Heijl,23 we did not scale the P score. Instead,
we used an ordinal scale in the present study to reflect the levels
of defect severity as visually presented by the Humphrey Field
Analyzer: P < .05 was given a P score of 1; P < .02, a score of 2;
P < .01, a score of 3; and P < .005, a score of 4 (as a scaled score
would likely result in the same problem with using sensitivity
values). Therefore, a change of score of +1 between refractive con-
ditions indicated an increase in probability of abnormality by one
step on the Humphrey Field Analyzer probability scale. A change
of −1 indicates a decrease in probability of abnormality. Again,
modifications to the probability of abnormality are similar to con-
ventional statistical analyses.21 Like sensitivity values, the P score
was averaged at each spatial location. The overall goal of this
approach was not only to avoid the effects of variability but also
to determine the changes in statistical significance visible in typi-
cal clinical interpretation.

Censoring Visual Field Defects

Recently, there have been suggestions of censoring sensitivity
data below 15 to 19 dB, as measurements at or below this level
may be unreliable and therefore confound accurate analysis.24,25

Specifically, this may affect the fidelity of the change in sensitivity
analysis described above. Thus, in the present study, we also per-
formed the previous analyses (change in sensitivity and change in
www.optvissci.com Optom Vis Sci 201
P score) after censoring data points at which the baseline sensitiv-
ity level was 19 dB or less. We hypothesized that, owing to the typ-
ically mild nature of sensitivity reduction occurring in tilted disc
syndrome, censoring data would have minimal impact upon the
results when examining changes in sensitivity and P score in the
tilted disc syndrome cohort. Instead, it may affect the results of
the neurological deficit cohort by revealing trends in sensitivity or
P score change masked by unreliable sensitivity data.

Selection of Visual Field Defect Locations for Analysis

Because the visual field defects in tilted disc syndrome and neu-
rological deficits were expected to predominantly affect only one
quadrant or one vertical hemifield, we analyzed points along the
two rows immediately above and two rows below (3 and 9° vertical
eccentricity) of the horizontal midline. Each datum point within
these four lines was considered individually but was matched to ret-
inoscopy results based on their position along the horizontal axis
(i.e., 3, 9, 15, or 21° nasal and temporal). Note that, although
the 30-2 test was used, the 27° eccentricity was not used for quan-
titative analysis with relative peripheral refraction owing to the
physical limitations of the room and the poor reliability of the reti-
noscopy results (hereafter).

Peripheral Retinoscopy and Relative
Peripheral Refraction

Peripheral refraction can be performed using a variety of tech-
niques.26 In the present study, we used peripheral retinoscopy
(Welch Allyn Streak Retinoscope, Skaneateles Falls, NY) per-
formed in free space in conjunction with a trial frame and wide
aperture loose lenses by two trained clinicians independently for
each patient to obtain the refractive errors at different horizontal
eccentricities. The participant fixated on one of nine targets corre-
sponding to test eccentricities along the horizontal meridian of the
30-2 Humphrey Field Analyzer test grid: 0 (primary gaze), 3, 9, 15,
and 21° nasally and temporally (except for 15° temporally for each
participant, which corresponds to the approximate location of the
physiological blind spot). Retinoscopy was performed with the
examiner set up perpendicularly to the participant, and the partic-
ipant was instructed to keep their head in primary position. The
setup for fixation targets was calculated trigonometrically using a
distance of 2.8 m (~9.8 ft, similar to previous reports27,28)
between the patient and the display. The angular subtense at the
patient's eye in primary gaze was used to calculate the distance be-
tween each fixation target (black circle ~20/200 in size). Agree-
ment between the two clinicians performing retinoscopy was
within 0.25 D. Retinoscopy was performed at a working distance
of approximately 60 cm (~2 ft) with a fogging lens of 1.50D. Atten-
tion was focused on the distant targets with regular movements
between targets to maintain constant attention.

Relative peripheral refraction was determined by taking the
difference between the absolute refraction at the peripheral test
location and the absolute refraction in primary gaze (0°). For ex-
ample, a 3° nasal absolute refraction of −3.00 D is 2.00 D rela-
tively more myopic compared with a foveal absolute refraction
of −1.00 D; therefore, the relative peripheral refraction would
be −2.00 D.

Finally, we calculated the residual relative peripheral refraction
at each location. As the trial lens effectively aims to neutralize the
refraction at 0°, there may be residual relatively peripheral refrac-
tions that differ at various retinal eccentricities. Using the previous
8; Vol 00(00) 4
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example where the relative peripheral refraction is −2.00 D, a
negative addition lens of −1.00 D on top of the typical refractive
correction (which has already neutralized the refraction at 0°)
would result in a residual refraction of −1.00 D (−2.00 to
−1.00 D = −1.00 D). A negative addition lens of −3.00 D would
result in a residual refraction of +1.00 D, that is, residual rela-
tive peripheral hyperopia.

Statistical Analysis

Statistical analysis was carried using GraphPad Prism version
7 (GraphPad Prism, La Jolla, CA). Each datum point along the
horizontal axis (i.e., the four points, 3 and 9° superior and infe-
rior to the horizontal midline) was considered a separate sample,
but each eccentricity was matched with the corresponding reti-
noscopy result along the horizontal axis (i.e., 3, 9, 15, or 21°
nasal and temporal). Changes in sensitivity and change in
P score were plotted as a function of residual peripheral refraction,
and from the linear regression analysis, we extracted slope and y
intercept data. Although P score is ordinal data in which the
actual probability value differences are unequal, the changes
occur discretely in a clinical setting based on the instrument
printout (progressively darker from no shading to black). Thus,
we used this analysis to determine the point at which a meaning-
ful change in P score could be obtained in an effort to correlate
quantitative data with the qualitative presentation of results.
The y intercept indicated the amount of change in sensitivity
of P score when the residual refractive error was 0. A slope with
a P < .05 was considered significantly different to 0, signifying
an effect of residual peripheral refraction.

RESULTS

Qualitative Analysis

One common method of analyzing visual field results is the
determination of patterns of defects.29 Typically, defects are
given descriptors to help localize the site of structural loss.
The grayscale, total deviation, and pattern deviation maps are
typically used in combination. Thus, the first step of the analysis
was a comparison of pattern deviation maps.

The visual field results of a representative patient with tilted
disc syndrome and a representative patient with a neurological
deficit and resultant retrograde degeneration are shown in Fig. 2
for each of the refractive conditions used. The baseline visual
field results of both patients have significant defects respecting
the vertical midline, both suggestive of a lesion along the visual
pathway beyond the retina. With increasing negative addition
lens power, the scotoma in the patient with tilted disc syndrome
is reduced. In the patient with a neurological deficit, no signifi-
cant change in the pattern or depth of defect is seen.

As an adjunct to this analysis, we also counted the number of
statistically significant defects (a sensitivity result below the
95% normative distribution [P < .05] as seen on the Humphrey
Field Analyzer pattern deviation map) for each observer and
compared this number across the different refractive conditions.
There was a tendency toward fewer defects with negative addi-
tion lenses in the tilted disc syndrome group compared with
baseline (median [interquartile range] defects, 13 [9.25 to 20])
when comparing −1 D (10 [8.3 to 15.5], P = .009) but not with
−2 D (10.5 [6.5 to 17.5], P = .28) or with −3 D (9.5 [8 to 19.3],
P = .33). Correspondingly, there appeared to be no clear
www.optvissci.com Optom Vis Sci 201
systematic effect of changing lens power (Friedman test, H
(4) = 2.364; P = .5003). In comparison, there were effects of the
negative addition lenses on number of events for all cases of pa-
tients with a neurological deficit (P > .9999 for all combinations).

Quantitative Analysis—Eccentricity-dependent Effect

We then examined the amount of visual field sensitivity
change as a function of retinal eccentricity for each of the differ-
ent levels of negative addition lens. The hypothesis here is that
there is an eccentricity-dependent effect, whereby the effect of
each negative addition lens upon visual field sensitivity varies
at different retinal locations. Fig. 3 shows the result of visual
field sensitivity change from baseline as a function of retinal
eccentricity for each negative addition lens correction. For the
representative patient with tilted disc syndrome, there were lo-
cations that had clear and significant improvement in visual
field sensitivity and areas with obvious visual field worsening.
The areas of improvement were predicted from the qualitative
analysis: the relative posterior retinal bowing at the nasal aspect
correlates to the temporal defect in the visual field in the patient
with tilted disc syndrome (Fig. 3A). The worsening of visual field
sensitivity was also expected from the increased refractive error
in areas without posterior bowing. There were also changes in
sensitivity in patients with a neurological deficit, but this was
more variable and had no consistent pattern (Fig. 3B). One
likely reason for the variability is the relatively low sensitivity
measurements in patients with deep defects: sensitivities
below 15 to 19 dB on static perimetry are unreliable and
highly variable.24

Quantitative Analysis — Sensitivity versus Residual
Refractive Error

Although the eccentricity-dependent effect is clear and is
reflective of changes in retinal curvature, it provides no guid-
ance about the optimal refractive correction for each specific
location to minimize the visual field defect. Thus, the change
in sensitivity was plotted as a function of residual refractive error
(Fig. 4). A positive residual refractive error indicates relative hyper-
opia, and this was by far the most common outcome following the
addition of the negative addition lens. For the analysis, we also
divided the points into those with defects and nondefects. In pa-
tients with tilted disc syndrome, linear regression analysis showed
an effect of relative hyperopia on sensitivity for both defects
(y = −0.3038x + 0.4527, P = .001, R2 = 0.07) and nondefects
(y = −0.2323x − 0.5881, P = .009, R2 = 0.03) (Fig. 4A).
However, there was no effect of relative myopia, and this was
possibly owing to the small sample size in this area (events,
y = −0.0478x + 0.5867, P = .83, R2 = 0.002; nonevents,
y = −0.226x − 1.419, P = .26, R2 = 0.01). There was a
statistically significant effect of relative hyperopia on defects
(y = −1.005x + 2.964, P = .001, R2 = 0.1802) and non-defects
(y = −1.174x + 1.743, P = .001, R2 = 0.1735) in patients with
a neurological deficit (Fig. 4B). These results were minimally
changed when censoring data below 19 dB for patients with
tilted disc syndrome (Fig. 4C) and patients with a neurological
deficit (Fig. 4D) (equations not shown for clarity).

Correcting relative peripheral refractive error in patients with
tilted disc syndrome seemed to result in improved sensitivities,
with worsening sensitivity with increasing refractive error. However,
the y-intercept of these linear regression analyses suggested an
8; Vol 00(00) 5
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FIGURE 2. (A) Visual field results for a patient with tilted disc syndrome. Baseline visual field results show a cluster of visual field depressions primarily
located temporally around the blind spot. Sequential negative addition lenses (−1.00, −2.00, and −3.00 D NAL) reduce the significance of the defects.
(B) Visual field results for a patient with retrograde degeneration due to a neurological deficit. Baseline visual field shows a primarily inferotemporal
quadrantonopia. Note the presence of defects that were flagged by the Humphrey Field Analyzer as highly significant (P < .005). Use of negative addi-
tion lenses did not appear to change the appearance of the visual field defect.

Visual Field Defects in Tilted Discs— Phu et al.
improvement of only 0.45 dB; that is, when residual refractive error
is 0, there is only a small improvement in sensitivity. This therefore
does not explain the improvement seen on qualitative analysis,
such as in Fig. 2. Similarly, the apparent improvement in sensitiv-
ity with lower residual refractive error in patients with a neurologi-
cal deficit also appears discordant with the results seen in Fig. 2.
Quantitative Analysis — P Score versus Residual
Refractive Error

The problemwith analyzing sensitivity as a function of refractive
error is the magnitude of possible change: previous studies have
shown that, particularly within the central visual field testing
region, declines in sensitivity are small when the amount of intro-
duced refractive error is small.16,20 Therefore, we analyzed the re-
sults according to the P score, which is reflective of the clinical
interpretation of common maps within the printout. Unlike the
work of Asman and Heijl,23 we used an ordinal stepwise system
of P score change, as described in Methods. This prevents compli-
cations from deep defects, which are affected by small changes in
www.optvissci.com Optom Vis Sci 201
the underlying sensitivity result (each dB of change at levels of
P < .001 changes the P score of Asman and Heijl23 by 10).20

Fig. 5 shows the change in P score as a function of residual
refractive error. A positiveP score change indicates a reduced prob-
ability of abnormality; that is, the statistical significance of the
defect has been reduced, and thus, the location has become more
normal. Once again, there was a significant effect of relative hyper-
opia on P score for events (y = −0.2089x + 1.131, P < .0001,
R2 = 0.14). This time, there was also an effect of relative myopia
for defects (y = 0.3098x + 1.032, P = .01, R2 = 0.22) in patients
with tilted disc syndrome (Fig. 5A). Both of these y intercepts were
approximately equal to 1, indicating a one-step change in P score
on the pattern deviation map. This is clinically significant, as a
change here can visually eliminate the presence of a significant
scotoma, for example, changing from a dark tone to a lighter or no
tone. Unlike in the sensitivity-based analysis, there was no effect
of relative hyperopia (y = −0.03137x − 0.1109, P = .09) or
relative myopia (y = 0.010x − 0.018, P = .58) on P score at
nondefect locations in patients with tilted disc syndrome, which
would be consistent with no change in pattern, or, more
8; Vol 00(00) 6
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FIGURE 3. Difference in sensitivity (dB) as a function of visual field eccentricity (°) for a patient with tilted disc syndrome (A) and a patient with a neu-
rological deficit and retrograde degeneration (B). A positive difference in sensitivity indicated improvement, and a negative difference indicated wors-
ening. A positive visual field eccentricity was considered temporal, and negative eccentricity was considered nasal. Each color denotes a different
negative addition lens. Datum points indicate mean, and the error bars indicate 1 standard error of the mean.

Visual Field Defects in Tilted Discs — Phu et al.
importantly, improvement, in areas without a refractive scotoma at
baseline. Similarly, there was no effect of residual refractive error
on the P score of patients with a neurological deficit (Fig. 5B). The
majority of points with a P score change of 0 are consistent with
no change in pattern or depth of defect in a situation with true
pathological loss. Again, there was no effect of censoring locations
at which the baseline sensitivity value was 19 dB or less for both
patients with tilted disc syndrome (Fig. 5C) and patients with a
neurological deficit (Fig. 5D).

DISCUSSION

In the present study, we tested the hypothesis that neutralizing
the relative peripheral refraction in patients with tilted disc syn-
drome can reduce or eliminate the refractive scotoma in the region
of fundus ectasia. In addition to showing qualitative improvement
in visual field results in tilted disc syndrome, our results also dem-
onstrated a systematic quantifiable effect of relative peripheral
refraction, whereby a residual refraction of 0 provided the greatest
amount of sensitivity and P score improvement. As expected, we
also found no significant improvement when testing patients with
retrograde degeneration due to an underlying neurological deficit.

Small Sensitivity Improvements Are More Clearly
Identified Using P Scores

The difference between using sensitivity and P scores in iden-
tifying the optimum level of residual refractive error for visual field
improvement could be explained by the overall depth of visual field
defect in patients with tilted disc syndrome. The negligible effect
seen when using sensitivity as an index for improvement was most
likely due to the shallow visual field defects in patients with tilted
disc syndrome at baseline. This also accounts for the fact that
www.optvissci.com Optom Vis Sci 201
minimal difference was seen when censoring points with deep de-
fects. Although statistically significant, the refractive scotomata
may be relatively shallow, as per the work of Anderson et al.16

and as seen in the relatively low mean deviation scores.
Instead, using the P score index offers numerous advantages

for data analysis in this situation. First, it provides a clinically
meaningful and immediate visual cue to visual field improve-
ment. The pattern deviation map on the Humphrey Field Analyzer
(and analogous maps on other perimeters) is used in a range of
grading and diagnosticmatrices for determining disease.30 The ad-
vantage of using pattern deviation map, as opposed to sensitivities,
is that it accounts for the shape of the hill of vision, and thus, local-
ized patterns of loss can be identified.31 Second, as a corollary to
the use of the pattern deviation map, point-wise analysis of statis-
tical significance is able to determine if changes in sensitivity at
discrete locations are meaningful, especially given the potentially
widespread visual field involvement common in tilted disc syn-
drome.8,9 Conversely, identifying statistically significant changes
does not falsely highlight apparently large improvements or wors-
ening in patients with true pathology, as the depth of defect ismore
likely to maintain the same level of statistical significance. As sen-
sitivity loss increases, factors such as uncertainty and biases have
been recently alluded to as contributors toward an increase in var-
iability in sensitivity measurements32 (also see Turpin A, et al.
IOVS 2018;59:E-Abstract 5129). Clinically, this has been shown
to manifest as an increase in false-negative results.33 Recent stud-
ies have even suggested that standard automated perimetry sensi-
tivity measurements below 15 to 19 dBmay be unreliable and have
raised the possibility of even masking these results to improve the
validity of visual field measurements.34 Thus, it is expected that
deep visual field defects in regions of pathological loss, such as
in retrograde degeneration due to a neurological insult, would have
poor repeatability and show significant fluctuations in sensitivity
8; Vol 00(00) 7
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FIGURE 4. Change in sensitivity (dB) as a function of residual refractive error (D) for patients with tilted disc syndrome (A) and retrograde degeneration
due to a neurological deficit (B). A positive change in sensitivity indicates improvement in sensitivity, and a negative change indicates worsening. A pos-
itive residual refractive error indicates relative hyperopia, and a negative refractive error indicates myopia. Defects (locations with a baseline pattern
deviation P < .05) are shown in red, and nondefects (all other points with a pattern deviation result of P > .05) are shown in black. Note that all patients
with retrograde degeneration only exhibited relative hyperopia, so the x axis begins at 0. Each datum point represents an individual test location
along the horizontal meridian (i.e., one point from the four lines about the midline). The solid lines indicate the linear regression results, analyzed
separately for relative hyperopia and relativemyopia. (C) and (D) represent the results of patients with tilted disc syndrome and retrograde degeneration
as per (A) and (B), respectively, but with results with a baseline sensitivity of less than 19 dB excluded from analysis. Note the similarity between (A) and
(C) owing to the small number of censored points.
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measurements. Using P scores mitigates this, as it is unlikely that
sensitivity fluctuations would result in a change in P score signifi-
cant enough to resemble an improvement in the refractive scotoma
in tilted disc syndrome. Indeed, the apparent sensitivity improvements
seen in patients with tilted disc syndrome were quickly nullified when
using theP score system, as this accounts for fluctuations in dBvalues
in areas of severe deficit, as a range of 0 to 19 dB in some areas of the
visual field may show no change in P score at all. Third, it can
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effectively identify differences occurring in defects in contrast to
“non-defects.”Again, small changes in tilted disc syndrome and large
fluctuations occur in cases of defects due to neurological deficits that
are clinically meaningful (statistically significant changes relative to
the normative range) would be masked or inappropriately identified,
respectively, if relying on sensitivity measurements. The use of P
scores would assist in identifying clinically meaningful change. There-
fore, this unique approach facilitates a quantitative method of
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FIGURE 5. Individual differences in P score as a function of residual relative refraction (D), with color codes and x axis as per Fig. 4 (results for patients with tilted
disc syndrome in (A) andpatientswith retrogradedegenerationdue to neurological deficits in (B)). Apositive difference inP score indicates a decreasedprobability
of abnormality on theHumphrey Field Analyzer deviationmap (i.e.,more normal), and a negative difference indicates an increasedprobability of abnormality (i.e.,
more abnormal). (C) and (D) represent the results of patientswith tilted disc syndrome and retrogradedegeneration as per (A) and (B), respectively, but with results
with a baseline sensitivity of less than 19 dB excluded from analysis. Note the similarity between (A) and (C) owing to the small number of censored points.
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examining visual field improvement that correlates better with the
changes seen using traditional qualitative methods in comparison
with comparisons in sensitivity alone.
Using Neurological Deficits as a Model to Compare
Tilted Disc Syndrome

One reason why neurological deficits were used as a model for
comparing the visual field change in tilted disc syndrome is because
the visual field defects in tilted disc syndrome often resemble those
occurring owing to anomalies of the higher visual pathway (at the
chiasm or beyond). Our results appear to support the hypothesis that
www.optvissci.com Optom Vis Sci 201
improvement is possible in tilted disc syndrome but not in estab-
lished retrograde degeneration. Here, another potential future study
is in different stages of retrograde degeneration resulting fromneuro-
logical insults. Structural and functional loss occurring due to neuro-
logical deficits may not occur concurrently, nor do they immediately
manifest upon initial insult35; time is an important factor in the dam-
age process. A wider spectrum of disease would be informative to
assess the ability of negative addition lenses to distinguish early
clinical signs of retrograde degeneration due to neurological defi-
cits from tilted disc syndrome.

Because the visual field defects in neurological deficits and
tilted disc syndrome typically present in only one hemifield or
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quadrant, this leaves additional nondefect points with which to ex-
amine the effect of relative peripheral refraction.1,14 Specifically,
the nondefect points serve as a pseudo control to the defects: it is
expected that locations at which there is no anatomical anomaly or
pathology would exhibit similar behaviors to that of participants with
no significant fundus ectasia. One potential confounding factor is
the amount of central refractive error for each patient.

Is the Posterior Staphyloma Truly Just Refractive?

One of the fundamental assumptions of this work is that the
visual field defect due to tilted disc syndrome is refractive in
etiology, that is, a refractive scotoma that can be ameliorated
using negative addition lenses. In comparison with other po-
tential causes of posterior retinal bowing that may have loss
of overlying neural and/or detector elements (e.g., retinal
coloboma, posterior staphyloma due to pathological myopia),
the retinal layers in tilted disc syndrome may still be intact
enough to have visual field defects alterable by neutralizing
the local refractive error. Fig. 6 contrasts the depth of visual
field defect seen in the representative tilted disc syndrome
and neurological deficit patients (from Fig. 1) and also an ex-
ample patient with pathological myopia (−11.00 D). Although
retrograde degeneration due to neurological insults and patho-
logical myopia both show structural losses associated with pa-
thology (e.g., thinning of the nerve fiber layer and ganglion cell
layer, arrows), the area of posterior retinal bowing in tilted disc
syndrome shows no such loss of neural tissue, only displace-
ment. This provides further support for the use of negative ad-
dition lenses in differentially diagnosing tilted disc syndrome
from other pathological conditions of the retina.

Previous studies have also suggested that the peripheral refrac-
tionmay be driven, in part, by ocular parameters such as central re-
fractive error and axial length, and thus, the central refractive error
may be a confounding factor.36,37 Ethnicity may also play a small
but significant role in relative peripheral refraction.38 For this rea-
son, we reported on the changes in visual field sensitivity and P
scores as a function of residual relative peripheral refraction, rather
than retinal eccentricity. Again, future studies with a range of re-
fractive errors or fundus shapes would be informative.

Limitations

There were a number of limitations to this study. First, we
used a simple technique (peripheral retinoscopy) to establish
peripheral refractive error. The advantages of retinoscopy are
numerous: it is generally repeatable in the skilled observer, it
is accessible to clinicians, and it does not require highly spe-
cialized equipment.39 We did not cycloplege the participants;
repeatability of cycloplegic retinoscopy is poorer compared with
noncycloplegic andworsenswithmeasurements in the periphery ow-
ing to increased aberrations.40However, other techniques have been
used in the literature for assessing peripheral refraction, including
peripheral autorefraction,41 infrared scanning photoretinoscopy,42

and aberrometry measurements.43 The typical step size used in re-
fraction, 0.25 D, may account for some of the variability seen in
the present results. However, this step size is the most practical,
as smaller sizes may not be measureable or modifiable in clinical
practice. Another way to potentially improve the relationship would
be to incorporate cylindrical correction, rather than just best vision
sphere. Four of 14 of the patients with tilted disc syndrome had
oblique astigmatism (axis >15° from horizontal or vertical),
and the remaining 10 patients with with-the-rule or against-
www.optvissci.com Optom Vis Sci 201
the-rule astigmatism had minimal changes in cylindrical refrac-
tion with retinal eccentricity (<0.50 D). Because astigmatism
can also vary with retinal eccentricity with different levels of re-
fractive error,44 especially in cases of tilted disc syndrome, future
study using more precise refractive corrections is warranted, as un-
corrected cylinder could have masked further benefits to altering
the peripheral refractive correction. Notably, the tilted disc syn-
drome cohort had higher refractive error compared with the neuro-
logical deficit group. This may have been a product of the unequal
sizes but may also be owing to the greater preponderance of refrac-
tive errors in patients with tilted disc syndrome.1 Again, this high-
lights the contribution of refraction on generate scotomata within
the visual field. Furthermore, the role of peripheral aberrations was
beyond the scope of the present study but may also be informative.

Second, we used the Humphrey Field Analyzer 30-2 test grid,
which is typically recommended for assessment of suspected neu-
rological deficits owing to its extent and symmetry. The point spac-
ing of this grid is 6°, which is relatively coarse, unlike the 10-2 test
grid.45 Because the area of posterior retinal bowing may be small,
the resolution of the test grid may not be sufficient to detect subtle
changes in visual field sensitivity.

Third, because this was an exploratory study to establish the
presence of an effect, the sample size of participants was over-
all small, and the range of test lenses was also restricted to three
empirical levels. The reason for limiting it to −1.00, −2.00,
and −3.00 D negative addition lenses was because of the potential
distorting optical effects of higher refractive lenses for the majority
of patients with small relative peripheral refractions.7 However, as
seen in Figs. 3 and 4, there were patients in whom the residual re-
fractive error was much higher at some test locations. We also in-
cluded a small range of refractive errors. A recent study has
suggested possible differences between highly myopic and non–
highly myopic eyes with tilted discs.46 Furthermore, we also com-
bined presbyopes and nonpresbyopes (the youngest patient was
36 years old); in the latter group, the ability to accommodate may
confound the visual field results using negative addition lenses,
and hence, cycloplegia could be another consideration. A subgroup
analysis was performed after dividing patients with tilted disc syn-
drome into two age groups: younger than 60 years (n = 8) and
60 years or older (n = 6). The effect of residual refractive error
was unchanged in both groups when examining the change in sen-
sitivity. Importantly, the effect of residual refractive error upon P
scores was also unchanged: it was still significant at locations with
defects for both the group 60 years or older and the group younger
than 60 years and showed no effect at nondefect locations.
The sample size for patients with neurological insults was too
small for this subgroup analysis. Again, future studies could use
this to specifically target regions of interest to further test our
overarching hypothesis.
CONCLUSIONS

Our results demonstrate that negative addition lenses have
the potential to improve visual field sensitivity in regions of pos-
terior bowing in tilted disc syndrome, thereby offering a method
for differentially diagnosing this condition from other pathologi-
cal anomalies of the retina. This study provides a foundation for
further research into optimizing optical correction for visual
field testing.
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FIGURE6.Spectralis optical coherence tomography results showing the structural correlate of visual field defects in three representative patients. In (A),
the patient with tilted disc syndrome has clear posterior bowing with intact inner and outer retinal layers nasally (orange arrow), corresponding to the
refractive scotoma in the temporal visual field (orange box). These defects tend to be shallow. In (B), the patient with a neurological deficit andmanifest
retrograde degeneration shows clear thinning of the inner retinal layers (retinal nerve fiber layer and ganglion cell layer, green arrows) temporal to the
fovea corresponding the clear, deep inferonasal visual field defect (green box). In (C), a patient with pathological myopia (−11.00 D) has a posterior
staphyloma within the central retina, with thinning of the inner retinal layers, similar to (B), temporal to the fovea (red arrows). This corresponds to
the inferonasal visual field defect (red box), which appears deeper than the defect caused by posterior retinal bowing in tilted disc syndrome (A).
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