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Abstract

IMPORTANCE—Determining the annual rate of change in the width of the inner segment
ellipsoid zone (EZ; ie, inner/outer segment border) in the context of short-term variability should
allow us to better understand the value of this measure for future treatment trials in X-linked
retinitis pigmentosa (XLRP).

OBJECTIVES—To identify the width of the central region showing an EZ and to determine the
short-term repeat variability and the annual rate of change in the width of the EZ from spectral-
domain optical coherence tomography (SD-OCT) measures in RP.

DESIGN—Patients with recessive or simplex RP (age range, 8-65 years; mean age, 40.5 years)
underwent scanning twice on the same day to evaluate test-retest variability. Patients with XLRP
(age range, 8-27 years; mean age, 15.2 years) from a larger group participating in an ongoing
double-blind treatment trial (docosahexaenoic acid vs placebo; clinicaltrials.gov NCT00100230)
underwent spectral-domain optical coherence tomography line scanning across the horizontal
meridian at 3 yearly intervals.

SETTING—Research center specializing in medical retina.
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PARTICIPANTS—Forty-eight patients with RP, including 20 with recessive or simplex RP and
28 with XLRP, and 23 healthy control subjects.

MAIN OUTCOME AND MEASURE—Widths of the EZ calculated and compared among the 3
annual visits.

RESULTS—Test-retest differences were normally distributed, and the magnitude of the
difference was independent of mean EZ width. The mean (SD) for test-retest differences in EZ
width was 0.08° (0.22°) (range, —0.30° to 0.60°). Thus, 95%of all test-retest differences fall within
+0.43° (124 pm). Of the 28 patients with XLRP, 27 showed a significant decrease in EZ width
after 2 years. Patients with XLRP showed a mean annual decrease in EZ width of 0.86° (248 um,
or 7%).

CONCLUSIONS AND RELEVANCE—The mean rate of decline in EZ width (7%) translates
into a mean rate of change of 13%for the equivalent area of functioning retina. This rate of change
is consistent with that reported for visual fields and full-field electroretinograms. Unlike visual
fields and electroretinograms, however, the repeat variability is less than the annual rate of change.
These results support the validity of EZ width as an outcome measure in prospective clinical trials
in RP.
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Retinitis pigmentosa (RP) refers to a genetically heterogeneous group of inherited retinal
degenerations causing early night blindness, progressive visual field constriction, and
characteristic fund us abnormalities. The slow rate of progression in measures of visual
function has been a deterrent for treatment trials in patients with RP. Visual acuity typically
remains stable until late in the disease’s progression.:2 Kinetic visual fields begin to
constrict after a critical age,3 but the annual rate of decline varies from5%to 20% depending
on the isopter and RP genotype.4~’ Static perimetry, which evolved primarily for the
detection of glaucomatous field defects, has been used as a primary outcome measure in
clinical trials in RP,89 as has the full-field electroretinogram (ERG), especially to 30-Hz
flicker.10:11 However, trial durations of several years are necessary because the rate of
progression in these measures is low, especially when compared with the intervisit
variability.

Spectral-domain optical coherence tomography (SD-OCT) measures of structural changes in
the outer segment (OS) layer have been proposed as possible outcome measures for clinical
trials of RP.12Ten laminar boundaries can be distinguished with current SD-OCT clinical
devices, leading to 9 identifiable retinal layers.13 Of these, the most immediately relevant to
progression in RP are the OS layer, the inner segment (IS) layer, and the outer nuclear layer.
A previous studyl4 demonstrated that the region of the retina showing an IS ellipsoid zone
(EZ), previously referred to as the IS/OS border, can be directly related to the visual field
boundary. The goal of the present study was to use segmentation of retinal layers to identify
the width of the central region showing an EZ. To determine test-retest variability, we
measured the retinal width of the EZ twice during a short interval in patients with autosomal
recessive or simplex RP. To determine the value of this measure for evaluating the rate of
disease progression, we measured the EZ width in patients with X-linked RP (XLRP) on 3
annual visits. Determining the annual rate of change in EZ width in the context of short-term
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variability allowed us to better understand the value of this measure for future treatment
trials.

Measures were obtained from 48 patients with RP diagnosed byophthalmologists
specializing in medical retina. Twenty patients with recessive or simplex RP(age range, 8-
65 years; mean age, 40.5 years) underwent scanning twice on the same day to evaluate test-
retest variability. Twenty-eight patients with XLRP(age range, 8-27 years; meanage, 15.2
years) from a larger group participating in an ongoing double-blind treatment trial
(docosahexaenoic acid vs placebo; clinicaltrials.gov NCT00100230), underwent SD-OCT
line scanning across the horizontal meridian at 3 yearly intervals (visits A, B, and C).
Patients from the larger trial were included if the central 30° of the central retina included
regions with and without an EZ. Reference values were obtained from23 control subjects
with normal vision.12 All procedures adhered to the Declaration of Helsinki and were
approved by the institutional review board at The University of Texas Southwestern Medical
Center.

Acquisition of Data

Results

The SD-OCT measures were obtained with a commercial device (Spectralis Heidelberg
retina angiography + OCT; Heidelberg Engineering Inc). Automatic real-time registration
was used with a mean of 100 scans. All scans had a quality index greater than 25 dB.
Subsequent scans were captured with the aid of automatic registration to ensure the same
scan placement on each test. Manual segmentation was aided by subroutines written in
commercially available software (Igor Pro 6.03A; Wave Metrics, Inc) and were based on
previously published routines (Matlab; Math Works).12 The following 3 boundaries were
identified (Figure 1): between the Bruch membrane and choroid, between the photoreceptor
OS and the retinal pigment epithelium, and the EZ. For all scans, the nasal and temporal
borders of the EZ were defined as the locations where the thickness of the OS layer had
declined to zero. The width of the EZ was defined as the horizontal distance between these 2
locations. The EZ widths were calculated and compared among visits. The Shapiro-Wilk
normality test was used to assess the normality of EZ width distributions. Short-term test-
retest variability was assessed by using a Bland-Altman plot. Paired t tests were used to
evaluate possible changes in EZ widths among the annual visits.

Figure 2 depicts representative midline scans with superimposed segmentation lines from a
patient who underwent scanning twice on the same day. Segmentation lines from 3 patients
with arange of EZ widths are plotted separately inFigure 3. We found good agreement
between test-retest measures regardless of EZ width. Test-retest differences were normally
distributed (Figure 4A), and the magnitude of the difference was independent of mean EZ
width (Figure 4B). The mean (SD) for test-retest differences in EZ width was 0.08° (0.22°)
(range, —0.30° t00.60°). Thus95%of all test-retest differences fell within +0.43° (124
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um).With a mean EZ width of 12° in these patients, the resulting test-retest variability was
3.6%.

Representative scans from a patient with XLRP during the 3 annual visits are shown in
Figure 5. At higher magnification (insets), the nasal edge of the EZ can be seen moving
closer to the fovea each year as indicated by the arrows. Movement toward the fovea is also
apparent at the temporal margin of the EZ. Sample segmentations demonstrating minimal,
medium, and large rates of yearly change are shown in Figure 6.

Of the 28 patients with XLRP, 27 had a significant decrease (>0.43°) in EZ width in 2 years.
Average EZ widths and annual changes are shown in the Table.Mean EZ widths were
significantly different for each pair of years (P < .001, paired t tests). During the 2-year
follow-up interval, the mean EZ decrease was 1.72° (495 pym).

We found a weak relationship between the magnitude of EZ loss in 2 years and the initial
width of the EZ band (Figure 7). The tendency was for EZ loss to be greater when the initial
width of the EZ band was greater and to lessen as the edges of the EZ band approached the
fovea.

Discussion

By monitoring the width of the EZ band, we can detect degenerative loss across 1-year
intervals in most patients with XLRP. The decreases are small, averaging 248 um/y. Yearly
decreases of this magnitude, which equates to 0.86°/y, could not be detected in individual
patients by standard perimetry owing toits limited resolution and lower reproducibility. The
mean annual decrease in EZ width of 0.86° (7%) translates as a 13% mean annual rate of
change for the equivalent area of the EZ. A13% mean rate of change is consistent with the
reported rate of change in visual fields and cone full-field ERGs in XLRP. In 2004, Hoffman
et alll reported that the mean annual rate of cone ERG amplitude loss in 4 years was 12.5%
in the placebo group of a randomized trial in XLRP. Others have reported rates of decline
for patients with RP without regard to genetic type. Thus, annual rates ranging from 10% to
17.1% have been reported in prospective natural history studies and randomized trials.>10

Retest variability for EZ width was independent of average EZ width, suggesting that this
measure may be appropriate for patients at different stages of disease as long as the edge of
the EZ can be imaged. We did find some preliminary evidence, however, that the rate of
progression, expressed as the percentage of loss per year, may not be constant with the stage
of disease. We detected a weak but significant tendency (Figure 7) for the rate of EZ
contraction to slow as the EZ approached the fovea. This finding is consistent with slowing
in the rate of progression reported in ERGs and late-stage disease.1®

Similarities between the annual rates of change in the width of the EZ and in the full-field
cone ERG are at least consistent with both measures indexing the extent of relatively healthy
retina. Another indication that the EZ might be a suitable surrogate end point in clinical
trials comes from direct structure function correlations between OCT variables and visual
sensitivity. At multiple locations throughout the central retina, the relative sensitivity in
static perimetryis proportional to the relative thickness of the OS layer on SD-OCT.18 Large
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changes in visual field sensitivity on either side of the EZ boundary, defined by the edge of
the EZ, are found.1# Thus, converging evidence from numerous studies suggests that the
position at which the EZ disappears provides a structural-marker for the edge of the visual
field.

As a measure of progression, the EZ has the advantage of being a physical measure with low
repeat variability. In the present study, 95% of all test-retest differences were less than 0.43°
(124 pm), which is comparable to the repeat variability reported by others.1” For the patients
with RP included in the test-retest analysis, who had a mean EZ width of 12° (3.5 mm), the
threshold for significant change (with 95% confidence) was 3.6%. This change value is
considerably lower than values typically reported for the full field ERG and visual field. The
threshold for significant change in full-field ERG cone flicker (with 95% confidence) ranges
from 30% to 50%.5:18-22 Because field measurements with kinetic perimetry largely depend
on the skill of the perimetrist, thresholds for significant change in field area vary from 20%
to 40%.523:24 For static perimetry, the threshold for significant change in total sensitivity is
on the order of 20%.11:25 Thus, high variability coupled with the slow rate of decline
necessitates trials of several years’ duration when using ERG or visual field as the primary
outcome measure.

The utility of EZ width as an outcome measure may not be limited to RP. The edge of the
EZ band has been quantitatively assessed in choroideremia,26 Usher syndrome type 2,27 and
Stargardt disease.26 Among these entities, disease specific variations occur in the relative
damage to the RPE,OS, and outer nuclear layer within a transition zone from healthy to
severely affected regions of the retina. For example, the disappearance of the EZ line and
thinning of the OS and outer nuclear layer is much more abrupt in choroideremia and
Stargardt disease than in RP. These abrupt transitions are consistent with the more abrupt
transitions between seeing and non-seeing areas of visual field in these diseases relative to
RP. Changes in EZ width over time in these diseases will be interesting to follow up.

Our results suggest that EZ width might be considered a structural surrogate for the visual
field inRP. Before its acceptance as a primary end point, however, EZ width needs to be
further validated against quality-of-life instruments and accepted psychophysical measures.
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Figure 1.

Spectral-Domain Optical Coherence Tomography Scan of the Horizontal Midline in a
Patient With X-Linked Retinitis Pigmentosa

Segmentation lines for the inner segment ellipsoid zone (EZ; inner/outer segment border)
line band, the outer segment-retinal pigment epithelium (OS-RPE) junction, and the Bruch
membrane (BM)-choroid junction are superimposed on the scan. The OS thickness relative
to the normal mean EZ (2 SDs) for 23 healthy subjects is shown below. Vertical dashed
lines indicate the retinal eccentricities at which OS thickness drops to 0 (ie, EZ becomes
indistinguishable from the RPE).

JAMA Ophthalmol. Author manuscript; available in PMC 2014 September 01.



Birch et al. Page 9

Figure2.
Spectral-Domain Optical Coherence Tomography Scans of the Horizontal Midline From a

Patient With Autosomal Recessive Retinitis Pigmentosa Undergoing Scanning Twice on the

Same Day
A and B, Magnified views of the transition zone are shown to the right. The first and second
scans differed in inner segment ellipsoid zone (inner/outer segment border) width by 0.3°

(86 um).

JAMA Ophthalmol. Author manuscript; available in PMC 2014 September 01.



1duosnue Joyny vd-HIN 1duosnue N Joyny vd-HIN

1duosnuel Joyiny vd-HIN

Birch et al.

Page 10

[A] First patient

100
——— O0S+RPEscan1l =------ RPE scan 1
A 0S + RPE scan 2 RPE scan 2
A
80 i
/A
A N
- “oain, A
N A i P /t
E 60 B
" 4
a i
4 i
c |
] TN
\
£ 40 I
20 gy ol Y
‘-\//t_ ——————— S PTG SR ~'\/
|
Temporal Nasal
0 T T T T T T T
-20 =15 -10 =5 0 5 10 15 20

Retinal Eccentricity, Degrees

E Second patient

100+

N
A
80 [
[\

o, )
Nanean e

/
i

@
o
>

A
;
g
!
|

NN A
AVANRZA L VRN

Le2N
\

Thickness, pm

I
=)

20+

Temporal Nasal

-20 =15 -10 -5 0 5 10 15 20
Retinal Eccentricity, Degrees

[c] Third patient

100+

{
/
80 /
/
/
/

-
o

P

\\\\\\\\\\\\

IS
=}

Thickness, pm

20

Temporal Nasal

-20 -15 -10 -5 0 5 10 15 20
Retinal Eccentricity, Degrees

Figure 3.
Test-Retest Measures From 3 Patients With Autosomal Recessive Retinitis Pigmentosa

Exhibiting a Range of Inner Segment Ellipsoid Zone (EZ; Inner/Outer Segment Border)
Widths

Thickness of the outer segment plus retinal pigment epithelium (OS + RPE) on scans 1 and
2 and thickness of the RPE on scans 1 and 2 when it is distinguishable from the EZ band are
depicted. Vertical dashed lines indicate the horizontal extent of the EZ band. Solid and
broken black lines indicate mean EZ thickness of 2 SDs for 23 healthy subjects.
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A, Test-retest differences were normally distributed with a mean of 0.08° (solid curve shows
fit of Shapiro-Wilk normality test to distribution of widths [n = 20]). EZ indicates inner
segment ellipsoid zone (inner/outer segment border). B, The magnitude of the test-retest
difference for EZ was independent of the mean EZ width.
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Figure5.
Representative Scans From a Patient With X-Linked Retinitis Pigmentosa Across 3 Annual

Visits

At the right is shown the inset at higher magnification. Arrows indicate the nasal edge of the
inner segment ellipsoid zone (EZ; inner/outer segment border) each year. We detected a
progressive shift in the remaining EZ band toward the center during the 3 annual visits.
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Figure®6.
Annual Measures From 3 Patients With X-Linked Retinitis Pigmentosa

These 3 patients demonstrate the range of annual loss in inner segment ellipsoid zone (EZ;
inner/outer segment border) width. Outer segment plus retinal pigment epithelium (OS +
RPE) thickness on the first (visit A) and third (visit C) annual visits and thickness of the
RPE when it is distinguishable from the EZ line on visits A and C are depicted. Vertical
dashed lines indicate the horizontal extent of the EZ line. Solid and broken black lines
indicate mean EZ thickness (2 SD) for 23 healthy subjects. A, This patient had a small
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decrease in EZ after 2 years. B, The second patient demonstrated average progression. C,
The third patient demonstrated fast progression.
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Figure7.
Relationship Between the Magnitude of Inner Segment Ellipsoid Zone (EZ; Inner/Outer

Segment Border) Loss During 2 Years and Initial Width of EZ
We detected a weak tendency for the magnitude of EZ loss to decrease in proportion to the
initial EZ diameter (r2 = 0.16[P = .03]).
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Table
Average EZ Widths and Annual Changes

Degener ations, Degrees

Visit Mean (SE) Ellipsoid ZoneWidth  Decrease From PreviousYear Decrease,% P Value
Year 1 12.4(1.1)

Year 2 11.5 (1.0) 0.90 7.3 <.001
Year 3 10.7 (1.0) 0.80 7.0 <.001
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