“En face” OCT Imaging of the IS/OS Junction Line in Type 2
Idiopathic Macular Telangiectasia
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Purrose. We investigated abnormalities of the photoreceptor
inner/outer segment (IS/OS) junction layer viewed “en face”
and their functional correlates in type 2 idiopathic macular
telangiectasia (type 2 MacTel).

MerHops. Segmentation and “en face” imaging of the IS/OS
lines in spectral domain optical coherence tomographic (SD-
OCT) volumes were performed manually. Mesopic retinal
sensitivity thresholds were determined using a Nidek MP1
microperimeter. “En face” SD-OCT images and microperimet-
ric data were superimposed over images of the fundus. Retinal
structure and characteristics of type 2 MacTel were analyzed,
and associations of structural changes with function were
investigated.

Resurts. We examined 49 eyes of 28 patients (mean age 62.6 *
9.4 years). Total IS/OS break area ranged from 0.04 to 2.23
mm? (mean 0.63 mm?, SD 0.53 mm?) and 0.03 to 1.49 mm?
(mean 0.49 mm? SD 0.42 mm?) in right and left eyes,
respectively. A correlation between fellow eyes was present
(Spearman correlation p = 0.770, P < 0.01). An assessment of
the repeatability of IS/OS lesion area measurements (7 = 19
eyes) revealed an intra-class correlation coefficient of 0.99
(95% confidence interval [CI] of 0.975-0.996). Retinal areas
corresponding to an IS/OS break showed a mean retinal
sensitivity of 8.3 = 5.8 and 8.7 £ 5.7 decibels (dB) in right and
left eyes, respectively. Mean sensitivity over retinal areas
outside the lesion was significantly higher, 17.0 = 3.3 and
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16.7 £ 3.6 dB in right and left eyes, respectively (paired #test,
P < 0.01). Mean aggregate retinal sensitivity loss was 33.5 *
30.4 dB (n = 40), correlating well with IS/OS lesion area
(Pearson correlation coefficient = 0.848, P < 0.01).

Concrusions. “En face” OCT imaging of the IS/OS junction layer
provides a functionally relevant method for assessing disease
severity in type 2 MacTel. (Invest Opbthalmol Vis Sci. 2012;
53:6145-6152) DOI:10.1167/i0vs.12-10580

Type 2 idiopathic macular telangiectasia (type 2 MacTel) is a
bilateral retinal disorder affecting the juxtafoveal region.!
Early clinical signs may be subtle, and include a loss of retinal
transparency, retinal crystals, a depletion of luteal pigment,
and leakage in the fluorescein angiogram, but without retinal
thickening. A disruption or cavitation of the outer retinal
layers, progressive vascular remodeling, and fibrosis accompa-
nied by pigment plaques, and retinal neovascularization
scarring and atrophy limit the prognosis for central vision.
The etiology and pathogenesis of the disease are understood
poorly. No treatment has been proven effective in reducing the
risk of central vision loss.

Optical coherence tomographic (OCT) signs of type 2
MacTel include hyporeflective spaces in the inner and outer
retina, and a discontinuity (break) in the line commonly
attributed to the junctions of the photoreceptor inner and
outer segments (IS/OS line).?->

The correlation of IS/OS abnormalities with retinal function
loss and, thus, the value of the IS/OS line as a sign of
photoreceptor integrity and a predictor of visual acuity has
been demonstrated in vascular, metabolic, hereditary, and
idiopathic retinal diseases as well as in animal models.® ¢ In
type 2 MacTel, using a prototype spectral domain OCT (SD-
OCT) system, Paunescu et al. found a correlation between
visual acuity and the integrity of the photoreceptor layer,'”
Maruko et al. reported focal retinal function loss associated
with the defects of the IS/OS line,* and CharbelIssa et al.
reported in a cross-sectional study of 33 type 2 MacTel patients
function loss associated with outer retinal abnormalities,
including an IS/OS break.'®

Imaging the retina “en face” may facilitate assessing the
topographic location of lesions and quantifying their lateral
extent, as well as correlating/comparing OCT image data with
other imaging modalities and functional data. Experimental
OCT systems capable of producing “en face” images of the
retina have been described recently.'®-25 3D post-processing of
image volumes from commercially available SD-OCT sys-
tems?®27 may offer a flexible alternative for extracting the
information of interest from readily available data without the
necessity for dedicated hardware.

Our aim was to investigate the morphology of the IS/OS
layer viewed “en face” and its functional relevance in type 2
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MacTel by imaging optical density data from a commercially
available SD-OCT system along a surface defined by the IS/OS
lines within a volume scan.

METHODS

Patients

Participants with type 2 MacTel and discontinuity of the IS/OS junction
line apparent in SD-OCT B-scans were selected from the cohort of the
MacTel project, an international multicenter prospective study of the
natural history of type 2 MacTel, currently involving 27 research centers
worldwide. Eyes with subretinal neovascularization or dense superficial
pigment plaques obscuring the deeper layers of the retina were
excluded. The study protocol adhered to the tenets of the Declaration
of Helsinki and was approved by the institutional ethics committee of
each participating center. Written, informed consent was obtained from
each participant after explanation of the nature of the study.

Imaging

Standard 30° stereo field 2 color (CF) and red-free (RF) images of the
fundus were recorded digitally. Standard OCT volume scans consisting
of 128 B-scans within a 6 X 6 mm retinal area, with a resolution of 512
A-scans per B-scan were acquired using a Topcon 3D-OCT1000 unit
(Topcon Medical Systems, Inc., Oakland, NJ). To assess repeatability,
two consecutive OCT volume scans were collected of 20 eyes, with a
few minutes’ interval.

Image Processing

Correction of image registration within the volume and segmentation
of the IS/OS line were performed manually, using dedicated 3D image
analysis software (Visage Imaging Amira v5.3.3; Pro Medicus Ltd.,
Richmond, Victoria, Australia). “En face” images with a thickness of
one pixel defined by the segmentation lines were exported in grayscale
using orthogonal projection.

“En face” images were resampled in Adobe Photoshop CS5
Extended (Adobe Systems, Inc., San Jose, CA), and a 3 X 3 pixel
normal (Gaussian) filter was applied to reduce high-frequency noise
and the horizontal striping emanating from slight misalignments and
variation in reflectivity between individual B-scans within the OCT
volume. Edge detection and delineation of the IS/OS lesions were
performed manually with the aid of thresholding. Wherever necessary,
“en face” OCT images were analyzed in parallel with corresponding
individual B-scans to identify and determine the extent of retinal
structures within the area of the IS/OS break in the “en face” image. IS/
OS break area and the radial distance of the nearest lesion edge from
the anatomic center of the fovea were measured, expressed in pixels.
An approximate calibration of distances within the “en face” image to
metric units was performed based on the uniform 6 mm width of the
scan raster. We acknowledge that correct calibration of measurements
within OCT images requires consideration of the axial length and the
refractive power of the eye. In our study these data were not collected,
and “typical” values were used as provided by the manufacturer.
Second area measurements for assessment of repeatability were
performed by one grader after an interval of at least three weeks.

Functional Testing

Monocular best-corrected visual acuities (BCVA) were determined
according to a standardized protocol, using the Early Treatment
Diabetic Retinopathy Study LogMAR visual acuity charts at a distance of
4 m. Scoring of the test was based on the number of letters read
correctly. Possible scores ranged from 0 (Snellen equivalent <20/800)
to 100 (Snellen equivalent 20/12).28:2°

Automated fundus-correlated microperimetry was performed using
a Nidek MP1 microperimeter (Navis software version 1.7.3; MP1 Nidek
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Technologies, Albignasego, Italy), following pupil dilatation with 1.0%
tropicamide and 2.5% phenylephrine hydrochloride, and 5 minutes of
visual dark adaptation, as described previously.3°-32 Light stimuli were
presented randomly during the examination. Results are reported in
decibels. Stability of fixation was expressed as the bivariate contour
ellipse area (BCEA), which is the area of an ellipse on the retinal surface
within which the center of the target was imaged 68% of the time.
BCEA is a standardized measure that provides a means for quantifica-
tion and comparison of fixation stability. Smaller BCEA values
correspond to more precise fixation.33

Microperimetric Data Analysis

“En face” OCT images and microperimetric retinal sensitivity threshold
data were superimposed over images of the fundus and adjusted as
necessary to attain exact correspondence. To reduce bias from
conditions unrelated to type 2 MacTel, only data from test points
within the central 10° of the MP1 grid were considered in calculations.
Sensitivity thresholds measured within retinal areas corresponding to a
break in the IS/OS junction layer were compared to those measured
external to the lesion. Further, to characterize the relationship of IS/OS
break area and retinal function, the aggregate sensitivity loss was
calculated. Background sensitivity was defined as the average of retinal
sensitivity values measured at test points outside the area of the IS/OS
break. To obtain the aggregate retinal sensitivity loss, the difference
relative to the background sensitivity was calculated at each test point
within the area of the IS/OS break and these differences were summed.
Aggregate loss (expressed in decibels [dB]) thus correlates directly
with lesion area and also reflects scotoma depth in a single variable.

Statistical Methods

Analyses were conducted using commercially available statistical
software (IBM SPSS Statistics version 17; IBM Corporation, Armonk,
NY and SAS version 9.02; SAS Institute, Cary, NC). A P value of < 0.05
was accepted as statistically significant.

RESULTS

Patient Characteristics

We examined 49 eyes of 28 patients from one site in the
MacTel Study with available SD-OCT volume scans. Patients
ranged from 46 to 77 years in age (mean 62.6 years, SD 9.4
years), and 13 were males and 15 females. Approximately 27%
of eyes had minor abnormal pigmentation, while the remaining
eyes had less severe changes associated with type 2 MacTel.

Imaging

A total of 74 OCT volume scans was processed for this study.
The Q factor (Topcon-specific quality factor reflecting signal
strength) ranged from 25.0 to 75.3 (mean 56.9, SD 11.5). To
assess the utility of “en face” imaging in real-life situations, no
scan was excluded based on a low Q-factor alone. Motion
artifacts due to microsaccades and/or drifts larger than 100 pm
were present in 14 volume scans. In 4 cases, these were
outside the region of interest (ROI) and were ignored. Eye
movements were parallel to B-scan direction within the ROI in
10 cases and misalignments between B-scans could be
corrected. In 6 cases the eye movements had a major
component perpendicular to the B-scan. In 2 cases this
resulted in a resampling of the same retinal area two or more
times; in one case this could be corrected. In 4 cases vertical
saccades resulted in scans of disparate retinal areas, and these
scans were not used. One volume scan intended for assessment
of variability was discarded due to axial eye/head movements
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Figure 1.  The IS/0S lesion in OCT “en face” and corresponding B-scan images. (A) Representative B-scan of a type 2 MacTel eye, from a 6 X 6 mm
volume consisting of 128 B-scans. (B) The en face image of the full scan area on the level of the IS/OS line, showing the shadowgram of the retinal
blood vessels. The dark area toward the center of the image corresponds to the outer retinal “empty space” seen in (A), the dark grey area around it
is the IS/OS break. Horizontal dark stripes are due to minor axial misalignments between the individual B-scans. (C, D, E, F) Illustrate the pathologic
“collapsing layers” extending between the inner and outer retina. Orange horizontal lines mark the position of respective B-scan within the

corresponding en face image.

during the scan. Uneven field illumination was noted in 5
scans.

The IS/OS break appears as a darker area within the en face
image against the background of the highly reflective IS/OS
layer (Fig. 1). The edges of the break varied from sharp to
indistinct, corresponding to a sudden discontinuity or gradual
loss of reflectivity respectively. Near-black (low-reflective) areas
were apparent internal to the edges of the lesion in some cases.
These corresponded to cross-sections of outer retinal empty
spaces at the level of the IS/OS junctions. Structures with a
reflectivity similar to that of the IS/OS also were apparent
within some lesions. In some cases these corresponded to
islands of preserved IS/OS, but more frequently to the cross
section of an area with pathologic vertical restructuring of the
retina. Retinal layers between the outer plexiform layer and the
RPE in these areas seemed to be absent, while the disorganized
outer plexiform layer and layers interior to it gave the
impression of “collapsing” onto the RPE (Figs. 1C-E).

Total IS/OS break areas ranged from 0.039 to 2.229 mm?
(mean 0.627 mm?, SD 0.529 mm?) in right eyes and from 0.027
to 1.494 mm? (mean 0.492 mm?, SD 0.422 mm?) in left eyes. A
strong positive correlation between lesion area in left and right
eyes was found (Spearman correlation p =0.770, P < 0.01, n=
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42, Fig. 2A). When repeatability of IS/OS lesion area
measurements was assessed by processing two consecutive
scans of 19 eyes the intra-class correlation coefficient was 0.99
(95% confidence interval [CI] of 0.975-0.996).

Topographically, the IS/OS lesion was located typically on
the temporal side of the fovea, in 65% reaching the center of
the foveal depression. Mean radial distance of the nearest
lesion edge from the foveal center was 158 pm (SD 220 um,
range 10-890 um) in cases sparing the foveal center, and 126
pm (SD 125 pum, range 15-560 pm) in cases involving the
foveal center. A positive correlation was found between break
area and degree of involvement of the foveal center in right
eyes (Spearman correlation p = 0.44, P < 0.05, n = 25) as well
as in left eyes (p = 0.58, P < 0.01, n = 24).

An oval ring or ring segments with a backscatter lower than
that of the IS/OS was apparent around the IS/OS break in 25 eyes
(51%, Figs. 2B, 2C). In 4 cases this ring was accompanied by one
of higher reflectivity than the surrounding IS/OS layer (Fig. 4).

Retinal Function

BCVA. BCVA ranged from 46 to 89 letters (mean 72.4
letters, Snellen equivalent of 20/40, SD 9.7 letters) in right
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Figure 2. Functional correlates of the IS/OS break. Left column: RF fundus image. Middle column: RF with the “en face” OCT image
superimposed. Right column: MP1 mesopic retinal sensitivity maps superimposed. Significantly higher thresholds were measured over areas with
an IS/OS break, the highest loss co-localizing with the “collapsing layers.” (B, C) Segments of a ring with lower reflectance encircling the central IS/
OS break area apparent. In many cases a corresponding pattern is discernible in infrared images of the fundus.

eyes, and from 41 to 85 letters (mean 71.4 letters, Snellen
equivalent of 20/40, SD 10.8 letters) in left eyes. Eyes in which
the foveal center was affected by the lesion had a mean letter
score of 71.1 (range 41-89, SD 11.2), eyes with no detectable
lesion at the foveal center had a mean letter score of 73.3
(range 58-84, SD 7.9), differences were not statistically
significant (P = 0.47, Student’s #-test)

Microperimetry. Retinal areas corresponding to a break in
the IS/OS layer showed a mean retinal sensitivity of 8.3 dB
(median 10.0 dB, SD 5.8 dB) in right eyes and 8.7 dB (median
10.0 dB, SD 5.7 dB) in left eyes. Mean sensitivity over retinal
areas not within the lesion was 17.0 dB (median 18.0 dB, SD
3.3 dB) in right eyes and 16.7 dB (median 18.0 dB, SD 3.6 dB)
in left eyes. Differences in retinal sensitivity loss between
affected and unaffected areas were statistically significant
(paired ¢ test, P < 0.01 in right and left eyes). Mean aggregate
retinal sensitivity loss was 33.5 dB (median 27.9 dB, SD 30.4, n
=40), a positive correlation with IS/OS lesion area was present
(Pearson correlation coefficient =0.848, P < 0.01, Fig. 2B, data
were normally distributed). The topographic distribution of
retinal sensitivity loss corresponded closely to that of the IS/OS
break area (Fig. 3).

Downloaded from iovs.arvojournals.org on 09/30/2022

Fixation Stability. BCEA ranged from 0.46°2 to 16.99°2
(mean 4.69°2, SD 4.10°%) in right eyes, and from 0.47°% to
13.34°% (mean 4.71°%, SD 3.73°%) in left eyes. A statistically
significant correlation with IS/OS lesion area or radial distance
of the nearest edge of the lesion from the foveal center was not
detectable.

DISCUSSION

In our study, we isolated backscatter information from the level
of the line attributed to the photoreceptor IS/OS junctions to
develop a more sensitive structural predictor of vision loss in
type 2 MacTel. By 3D processing of standard volume scan data
from a commercially available SD-OCT device and imaging the
data “en face,” we demonstrated the characteristics of a break
in this layer. This break was closely associated with a loss of
mesopic retinal sensitivity. These findings are significant not
just to allow more sensitive monitoring of the condition, but
also as an outcome in trials of potential treatments.

“En face” OCT imaging of the retina is intuitive for the
examiner, and permits 2D assessment of lesion extent,
topographical analysis, and close comparisons with other
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Ficure 3. (A) IS/OS break area (pixels) in fellow eyes (x-axis, left eyes; y-axis right eyes; Spearman correlation p =0.770, P < 0.01). (B) Correlation
between IS/OS break area in pixels (x-axis) and aggregate retinal sensitivity loss (dB). Pearson correlation coefficient = 0.848, P < 0.01.
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FiGure 4. In some “en face” images, a highly reflective ring around the central lesion was seen. A similar pattern was not apparent outside the IS/
OS layer within the OCT volume or in other imaging modalities (columns [B] FFA and [C] FAF), except in the confocal blue light reflectance image
(D) and partially in the infrared (A).

imaging modalities. Prototype OCT systems using a C-mode
configuration, performing single planar, 2D transverse scans>%35
(i.e., “en face,” in the coronal plane) as well as 3D volume
scans® have been developed. It also has been demonstrated in
experimental OCT systems producing 3D volumes of traditional
axial scans that OCT “en face” fundus images can be created by
summing reflectivity data in A scans,>” and that backscatter
intensity information specific to selected slabs or individual
retinal layers also can be extracted.1?-38

In our study we used volume scans from a standard,
commercially available SD-OCT machine that was not
equipped with a real-time eye-tracking system. Since fixation
stability in type 2 MacTel patients typically is affected early,
motion artifacts may be a major source of error. We
acknowledge that in the absence of vascular landmarks, in
some “en face” images, near the foveal center, it may not be
possible to detect artifacts due to minor eye movements.
However, in 19 of 20 double scans performed consecutively in
our study, lesion area measurements showed a high degree of
reproducibility between scans and over time. In one case, one
scan of a pair had to be discarded due to obvious inappropriate
axial movement by the patient. Performing two consecutive
scans routinely may reduce the risk of undetected motion
artifacts further. Machines with active eye-tracking do,
however, have a significant advantage.

We performed manual segmentation of the IS/OS line.
Several methods for automated segmentation of retinal layers
have been published previously.?”3°-42 However, extensive
discontinuities in and reduced backscatter from the IS/OS are
common near the foveal center in type 2 MacTel, which may
cause errors in automated boundary detection. Manual
segmentation was deemed to provide more accurate results.

Type 2 MacTel is associated with evidence of retinal
neurodegeneration that is integral to the disorder. Imaged
“en face” at the level of the IS/OS line, the most prominent
feature of eyes with type 2 MacTel is the break in the IS/OS
line, which appears dark against the highly reflective
background of the IS/OS. Its boundaries may be distinct but
also indistinct. Where the edge is indistinct, the IS/OS line
often appears in B-scans thinner and deviates toward the
choroid from its expected location, which may correspond to a
shortening of the photoreceptor outer segments and a
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disorganization of the IS/OS junctions. An attenuated signal
from the IS/OS also may in itself be a sign of photoreceptor
damage.®3 It is possible that the “IS/OS line” may not be
representative of the IS/OS junctions. Recent studies indicate
that this line may, in fact, align with the ellipsoids of the
photoreceptor inner segments.*3-45 Its functional relevance,
however, is well established.

Within the area of the break, regions with very low
backscatter may be present. These correspond to the cross
sections of outer retinal spaces with low reflectivity. In B-scans,
these spaces give the impression of degenerative cavities,
typically without signs of internal pressure. The material
within these spaces does not take up fluorescein even in the
late phase of fluorescein angiography.

Insular areas with a reflectivity closer to that of the IS/OS
also were apparent within breaks. These may correspond to
areas with preserved IS/OS, but also to the cross sections of an
abnormal retinal tissue with a vertical reorganization, where
retinal layers between the outer plexiform layer and the RPE
seem to be absent and the structurally disorganized remaining
layers give the impression of “collapsing” onto the RPE. In
cases where the break did not reach the foveal center, this
structure always was seen on its temporal side. Based on “en
face” images alone it may not be possible in all cases to
determine whether a lighter area within the break represents
an island of preserved IS/OS or “collapsed” layers, necessitat-
ing a review of the corresponding B-scans.

In approximately half of the eyes examined, a dark ring or
arc fragments of a ring around the central break were apparent
in the “en face” image. In a few cases an additional bright ring
was visible. This phenomenon appeared restricted to the IS/OS
layer, a corresponding pattern could not be demonstrated in
other layers of the retina, and it does not seem to be related to
the artifactual ring emanating from specular reflection mainly
from the surface of the retina.® The origin and significance of
this ring are unclear; however, it’s similarity in location and
shape to the area in which Powner et al. found Miiller cell loss
or dysfunction within the central macula is remarkable.4”

We found a statistically significant elevation in mesopic
sensitivity thresholds within the area of the IS/OS lesion. The
difference between mean sensitivities within the break area
and the background was just over 8 dB, which is similar to the
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sensitivity loss reported by other investigators associated with
an IS/OS break, despite the differences in underlying disease
and methods used.?3

Chen et al. found (in 50 predominantly AMD eyes) the
coefficients of repeatability for MP1 central macular sensitivity
(CMS, inside 10°) to be 2.56 dB, of paracentral macular
sensitivity (PMS, 10-20° ring) 2.13 dB and point-wise
sensitivity (PWS) 5.56 dB.# They recommended the use of
CMS and PMS for monitoring macular function, and considered
a change of greater than 2.56 and 2.31 dB significant,
respectively. Relative to these levels, the differences in our
study are significant not just statistically, but also with respect
to repeatability. We also found a statistically highly significant
positive correlation between IS/OS break area and aggregate
sensitivity loss. While the low number of sensitivity test points
did not allow a detailed analysis, it was noted that the highest
sensitivity loss seemed to be associated with areas of
“collapsed layers.”

Traditional imaging modalities (color fundus photography
and fluorescein angiography) have limitations. In these, the
most prominent features of type 2 MacTel are vascular.>® Loss
of retinal transparency is highly dependent on image quality,
and abnormal pigment may accompany otherwise few or mild
signs of the disease and also may be absent altogether before
neovascularization. These signs also may be challenging to
quantify especially in early disease.

New techniques, like SD-OCT (and dual wavelength
autofluorescence or blue light reflectance) imaging, have
introduced new means for assessing neurodegenerative change
in type 2 MacTel. The IS/OS lesion in “en face” SD-OCT images
is readily quantifiable and closely associated with function loss
such that it may be a prime candidate for a structural outcome
measure for following disease progression in the natural
history as well as in interventional studies of type 2 MacTel.
Further investigations are necessary to determine the progres-
sion characteristics of the IS/OS break over time.
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