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Preface

At the time of its first clinical application, optical
coherence tomography (OCT) imaging was limited
particularly by the clarity of images. However, OCT
provided a great advantage over other diagnostic
modalities, as it could noninvasively provide tomo-
graphic images of the retina of a living eye. As a result,
a number of new findings in retinal diseases were
made using the time-domain OCT. Later, in 2002, the
second generation OCT devices (Stratus 3000 OCT®)
were released and the quality of OCT images im-
proved dramatically. Prior to the release of the first
commercially available spectral-domain (SD) OCT in
2006, we had an opportunity to use this SD-OCT.
I was so excited with the quality of these images, and
I felt as if we were observing in vivo histopathology
of retinal lesions. Furthermore, with the release of
the Heidelberg Spectralis® with noise reduction tech-
nology, this further enhanced the quality of images.

OCT has now become an essential medical equipment
in ophthalmic care, and I believe quality textbooks

Second Preface

describing the functionality of OCT are very impor-
tant in the education of young ophthalmologists and
eye care personnel. In this book, with Professor
Hangai, we chose high quality OCT images of rather
common diseases as well as images of several rare
diseases. We also tried to make the explanation of
these OCT images as simple as possible.

Unfortunately, because the original version was pub-
lished in the Japanese language and this English ver-
sion is published two years after the Japanese version,
there may be some obsolete descriptions and new
references could be added. Even with such drawbacks,
I believe this OCT Atlas will be helpful in further
understanding retinal diseases.

Nagahisa Yoshimura, MD, PhD
April 2014
Kyoto with cherry blossom

Biological information such as color, light absorption/
back-reflection, cross-sectional images, polarization,
motion and function is provided by the reflection
of light from the fundus. Our progress in clinically
diagnosing and treating retinal diseases depends on
the advancement of technology by which this bio-
logical information is extracted from the reflected
light from the fundus.

Originally, the clinical basics of retinal diseases were
established based on direct observation of the fundus
by biomicroscopy alone. However, biomicroscopic
observation was limited by the observer’s inability to
provide sufficient systematic, 3-dimensional informa-
tion. Optical coherence tomography (OCT) now
enables clinicians the ability to obtain high-resolution
cross-sectional images. The reduction in speckle-
noise has improved the visualization of each retinal
layer and also provides imaging of pathological retinal
diseases with definition similar to that of histo-
pathology. However, in vivo OCT images are not
identical to light microscopic sections, but no more

than the optical images that consist of the intensity of
back-reflections from each depth point within the
fundus. Therefore, we need to continue to cultivate
our ability to interpret the OCT B-scan images.

Interpretation of the OCT B-scan images requires
both a basic knowledge of the factors affecting
the acquisition of OCT B-scans and the pattern of
features seen on OCT B-scans characteristic to each
retinal disease. We believe that the presentation of
selected cases with typical OCT images is one of the
most powerful methods to efficiently learn how to
interpret OCT B-scan images. Particularly, cases of
common diseases we daily see would be useful
to strengthen our ability to interpret and diagnose
retinal diseases. We hope that this »OCT Atlas« pro-
vides a useful source of information in the interpreta-
tion of OCT images to our readers.

Masanori Hangai, MD, PhD
April 2014
Saitama with cherry blossom
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2 Chapter 1 - The basis of OCT interpretation

1.1 B-scan interpretation

1.1.1 Factors that determine resolving power

OCT depth resolution

OCT depth resolution is determined by the wavelength band
of the light source (centre wavelength and wavelength range),
and is unrelated to OCT detection technologies, such as time-
domain and spectral-domain (SD). Namely, OCT depth
resolution (AZ) can be shown with the following mathematical
formula:

AZ = 0.44 x N2/ AN
(where X is centre wavelength and A\ is wavelength range)

According to this formula, the use of an 840 nm centre wave-
length and a 40 nm wavelength range will produce depth resolu-
tion of 7.76 pm.

20 nm 10 ym
50 nm 5~7 pm
100 nm 2~3um

B Fig. 1-1 Depth resolution and light source wavelength range

Most current spectral-domain OCT (SD-OCT) products
use spectral ranges of 30-50 nm and centre wavelengths of
840-870 nm using superluminescent diode (SLD) light sources.
This results in depth resolutions of 5-7 pm (8 Fig. 1-1). One
exception includes the SPOCT-HR manufactured by OPTOPOL.
This product uses 2 types of SLD light sources with an 85 nm
spectral range in sum resulting in a high depth resolution of
3 um (term ultrahigh resolution).

Speckle noise

In addition to depth resolution, speckle noise has an effect on the
resolving power of B-scans("). As shown in @ Fig. 1-2, when B-scan
images are enlarged, a low-reflective speckle pattern can be seen,
known as speckle noise?. Speckle noise occurs when an object

is scanned with coherent light, and is the most common cause of
blurring to retinal layer boundaries on OCT B-scan images:>%).
High speed image acquisition of SD-OCT allows effective reduc-
tion of speckle noise, which generates high resolution B-scan
images.

Depth resolution

The light source wavelength range and corresponding depth resolution of commercially available OCT

B Fig. 1-2 Speckle noise
Scanning with coherent light in OCT imaging produces weakly reflective speckle pattern known as speckle noise. Speckle noise becomes apparently visible
when the B-scan is enlarged.
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1.1.2 Removing speckle noise by multiple
B-scan averaging

Multiple B-scan averaging

Multiple B-scan averaging means performing multiple scans of
the identical retinal location of interest, aligning and adding the
image signals, and finally dividing by the number of scans (8 Fig.
1-3). Whereas the actual image is stationary, speckle noise is
diluted by the reciprocal of the total number of scans since

B Fig. 1-3 The principle of multiple B-scan averaging

4 i . . ‘ ’.__f'

O Fig. 1-4 Results of multiple B-scan averaging.

it TR
Tl i

speckle noise pattern changes with every B-scan The accuracy of
multiple B-scan averaging depends on the ability to take multiple
scans of the exactly identical location of interest without blurring.
To perform multiple B-scan averaging with high accuracy, it is
important to have high-speed scanning capabilities and eye
tracking. By successfully averaging an adequate number of scans,
speckle noise can be sufficiently removed and retinal layer
boundaries become distinct (8 Fig. 1-4).

Only 1/2 with noise

)

A: After 1 B-scan, B: after averaging 10 B-scans, C: after averaging 100 B-scans.
The retinal layer structures becomes more distinct with increasing number of averaged B-scans.
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1.2 Normal retina

OCT creates an image of the intensity of light reflection and scat-
tering in chorioretinal tissue. The »fiber layers« and »layer
boundaries«, which strongly reflect light, are highly reflective,
and the »cellular layers«, which weakly reflects light, are weakly
reflective (B Fig 1-5). In sum, there are 3 principles to retinal
OCT imaging:

== Cellular layer = weakly reflective,

== Fibrous layer = highly reflective,

== Boundaries = highly reflective.

Cellular layer

The ganglion cell layer, inner nuclear layer and outer nuclear
layer that are mainly comprised of neuronal cell bodies are weak-
ly reflective. The actual outer nuclear layer is thinner than it ap-
pears, since Henle fiber layer (HFL), histologically fiber layer of
the outer plexiform layer, is included in the low-reflectivity phase
typically thought to be the outer nuclear layer.

Fiber layer

The nerve fibers of the retinal nerve fiber layer and the inner
plexiform layer run parallel to the retinal surface. The OCT mea-
surement beam enters almost perpendicular to this path, result-
ing in intense reflectivity and scattering to make it a highly reflec-
tive layer. The outer plexiform layer, however, is an exception.
Since the nerve fibers of HFL tilt forward and towards the periph-
ery of the macula® (@ Fig. 1-6), the measurement beam enters at

a significant angle to the fibers” orientation. Thus, HFL becomes
weakly reflective and becomes indistinguishable from the simi-
larly weakly reflective outer nuclear layer (8 Fig. 1-7). However,
when OCT measurement beam enters the pupil from an eccen-
tric position, the beam obliquely reaches the retinal surface, and
consequently passes the retina perpendicular to the HFL on one
side (B Fig. 1-6). This increases the reflectivity of HFL causing it
to be a highly reflective layer.*”) (B Fig. 1-7). This is similar to
when the retinal layer tilts as a result of retinal detachment or
drusen (B Fig. 1-8).

The axonal endings of the synapse phase of the outer plexi-
form layer combine with tight junctions to form a sheet-like
structure acting as the boundary surface with high reflectivity.

Boundary surface

Since photoreceptor cells orderly align themselves parallel to
OCT probe light, the external limiting membrane (ELM), the
photoreceptor inner segment/outer segment junction, and cone
outer segment tip (COST) form the boundary surface, and can
be seen as 3 highly reflective lines. Since the retinal pigment epi-
thelium (RPE) is also an aligned unicellular layer, its apex and
base each form a boundary and are visible as 2 highly reflective
lines on ultrahigh resolution OCT.

Why is the RPE highly reflective even though
it is made up of cells?

The reflectivity of the RPE is thought to be due to melanin pig-
ment. However, the RPE can be seen as 2 distinct lines in 3 um

Henle fiber layer (HFL)

Quter plexiform

layer (OPL)

Fiber layer

~

.

External limiting membrane (ELM)

i S [E U
.

Synapse layer

Inner plexiform layer (IPL)

Retinal nerve fiber layer (RNFL)

» T Ry

e R o it PPNy

|‘,'

Outer nuclear layer (ONL)

Photoreceptor inner and outer segment junction (IS/OS)

Boundary surface
Cone outer segment tip (COST)

Retinal pigment epithelium (RPE)

ELM = external limiting membrane
IS/OS= photoreceptor inner segment /outer segment junction

COST = cone outer segment tip
RPE = retinal pigment epithelium

B Fig. 1-5 Normal retina (speckle noise free)

Inner nuclear layer (INL) Cellular layer

Ganglion cell layer (GCL)

RNFL =retinal nerve fiber layer
GCL =ganglion cell layer
IPL =inner plexiform layer
INL =inner nuclear layer
OPL =outer plexiform layer
ONL =outer nuclear layer
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OPL Synapse layer

OPL Henle fiber layer (HFL)
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O Fig. 1-6 The path of HFL

A: Light microscopic image of normal retina, B: diagram of the relationship between HFL and measurement beam (orange arrows).

Reflectivity is enhanced when the retina is tilted and the measurement beam enters the HFL perpendicularly.
(A was modified according to Fine B, Yanoff M. Ocular Histology, 2nd ed. Harper&Row, 1979, p57)

A

B Fig. 1-7 The appearance of HFL in the normal retina

A, B: When the OCT measurement beam passes through the centre of the pupil, the HFL is obscured since there is no tilt in the retinal image. C-F: When
the OCT measurement beam passes through the temporal side (C, D) and nasal side (E, F) of the pupil, the nasal retina and temporal retina each tilt back-
ward respectively, and exhibit increased reflectivity in the HFL.

A

O Fig. 1-8 The appearance of HFL in eyes with macular diseases
A: Serous retinal detachment (SRD) in central serous chorioretinopathy (CSCR). B: Drusen in retinal angiomatous proliferation (RAP). There are areas where
HFL becomes highly reflective and thereby visible due to retinal tilt against the OCT measurement beam as a result of lesions.
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3 pm SD-OCT image

Light microscopic image

B Fig. 1-9 A comparison of light microscopic and tomographic views of the retinal pigment epithelium (RPE). The RPE is seen as 2 highly reflective lines on
3 pm SD-OCT. The highly reflective RPE line is comprised of 2 highly reflective lines representing apical and basal (including Bruch’s membrane) membranes
and hyporeflective line between these 2 lines representing cytoplasm. These 2 lines can be distinguished in 3 um SD-OCT, but not on standard resolution

(5~7 pm) SD-OCT.

(Modified according to Fine B, Yanoff M. Ocular Histology, 2nd ed. Harper&Row, 1979, p67)

Single B-scan image without speckle noise-reduction

B

O Fig. 1-10 RPE line, resolution, and speckle noise

3umocT VS 7umocT

Speckle noise-reduced B-scan image

The aggregation of RPE high reflectivity — low reflectivity — high reflectivity can be observed in 3 um single scan SD-OCT image. However, in 7 um OCT, only
one bold highly reflective line can be seen even when speckle noise is removed.

ultrahigh resolution OCT (manufactured by Canon) (8 Fig. 1-9)
(1). Using 5-7 pum depth resolution, only 1 aggregate line is seen
even when speckle noise is removed (8 Fig. 1-10). The 2 highly
reflective lines that can be seen in OCT with a depth resolution
of 3 um correspond to the 2 boundary surfaces that are the apex
and base of the RPE, which become 2 distinct, highly reflective
lines due to the low reflectivity of the cells between them. Nor-
mally, the base is consistent with the lines of Bruch’s membrane.
However, when an RPE detachment occurs, Bruch’s membrane
can be distinguished at an SD-OCT depth resolution of just
5-7 um.

What is the natural shape of the third line?

During SD-OCT examination, one further highly reflective line
can be seen between the so-called photoreceptor inner segment/
outer segment junction (IS/OS) lines and the RPE. This is the
third line following the ELM lines and IS/OS line, so it is referred
to as the third line. It is debated as to what this line corresponds
to, but when observed in ultrahigh resolution (3 pm) SD-OCT,
it is thought to be the cone outer segment tip (COST) in the
macular area (B Fig. 1-11)18. Outside the macular area, yet
another highly reflective line has been observed, thought to be the
rod outer segment tip (ROST), between the IS/OS and the RPE.
The COST line disappears due to milder photoreceptor cell ab-
normalities than the IS/OS and ELM lines.
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B Fig. 1-11 COST and ROST in SD-OCT with a depth resolution of 3 um

A: Horizontal B-scan. COST is observed from the fovea centralis to the outside of the macula (=), whereas ROST is observed from the periphery of the
macula to the outside of the macula (=>). B: The enlarged image of A representing fovea centralis. The fovea centralis OS is long and the 1S/0S looks moun-
tain-shaped, but the COST always appears to run parallel to the vicinity of the RPE, suggesting this is the cone sheath, which is enveloped by the apical
processes of the retinal pigment epithelium. C: Periphery of the macula - outside of the macula enlarged image of A. Another line (=>) was observed

between the COST line (=) and the RPE apical line. This is the ROST.

The mystery of photoreceptor cell inner
and outer segment junction line

The anatomical structure of the highly reflective lines that cor-
respond to the photoreceptor inner and outer segment junction
is the subject of debate.

In recent years, Drexler et al. have been able to observe indi-
vidual photoreceptor cells through adaptive-optics (AO) ultra-
high-resolution (UHR) SD-OCT® (@ Fig. 1-12). This AO-OCT
system allows correction of chromatic and monochromatic
ocular aberrations, and has enhanced lateral as well as depth
resolution to micron levels (2-3 um). Since photoreceptor cells
can be distinguished in the AO UHR SD-OCT imaging, the ELM
and IS/OS become dotted lines. In this imaging, ellipsoids where
the mitochondria accumulates have a high reflectivity, and are
thought to constitute the IS/OS line. In this OCT, we see highly
reflective bands in 2 locations, immediately in front of the fovea
centralis and the RPE (8 Fig. 1-12). Anatomically, the OS of cone
photoreceptor cells terminate before reaching the RPE and are
enveloped by the RPE apical processes. The outer line of these
2 high reflectivity bands is thought to be due to the COST. Inde-

pendently, Spaide et al. reviewed the literature of retinal histology
starting from 1990 and created a scale model of photoreceptor
cells. When compared with B-scan images from Spectralis HRA
+ OCT the IS/OS line correspond to the ellipsoid portion of
the IS and the COST line corresponds to the termination of the
OS enveloped by RPE apical processes (cone sheath or contact
cylinder)10).

Symmetry of the normal retinal layer structure

Within the neural retinal layer structure, the retinal nerve fiber
layer (RNFL) is symmetrical between upper and lower hemi-
sphere. However, there is no symmetry of the RNFL nasally and
temporally to the fovea centralis. In contrast, the other layers
outside the RNFL (ganglion cell layer, inner plexiform layer, in-
ner nuclear layer, outer plexiform layer, and outer nuclear layer)
are symmetrical nasally and temporally to the fovea centralis in
addition to having upper and lower symmetry, that is, 2-dimen-
sionally symmetry centered at the fovea centralis.1"-1? (@ Fig.
1-13,1-14).
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B Fig. 1-12 Photoreceptor cell images on adaptive-optics ultrahigh-resolution SD-OCT

Photoreceptor cells run parallel to the optical axis and are arranged like rice plant. The highly reflective planes of the photoreceptor cells form the IS/OS
lines and COST line. In AO UHR-SD-OCT, these lines appear as dotted lines, but in standard resolution SD-OCT, they appear as contiguous lines.

(Modified according to Fernandez EJ, et al. Ultrahigh resolution optical coherence tomography and pancorrection for cellular imaging of the living human
retina. Opt Express. 2008; 16: 11083-11094)

@ Fig. 1-13 B-scans in a normal eye

A: OCT horizontal scan. The RNFL gets thicker nasally and thinner temporally. Apart from the RNFL, all other layers are symmetrical. B: OCT vertical scan. All
layers have vertical symmetry. The RNFL is thicker at the periphery, the outer nuclear layer is thicker at the fovea centralis, and the ganglion cell layer forms
a peak outside the fovea.
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O Fig. 1-14 Retinal layer thickness colour map

A: Retinal nerve fiber layer, B: ganglion cell layer, C: inner plexiform layer, D: inner nuclear layer, E: outer plexiform layer + outer nuclear layer, F: photo-
receptor inner segment, G: photoreceptor outer segment. Each retinal layer has high symmetry, but the ganglion cell layer and inner nuclear layer are

slightly thinner temporally.

(Modified according to Ooto S, et al. Effects of age, gender, and axial length on the three-dimensional profile of normal macular layer structures. Invest

Ophthalmol Vis Sci. 2011; 52: 8769-8779)

1.3 Normal choroidal imaging

EDI-OCT

SD-OCT has a coherence gate (depth at which the interference
image can be obtained) of about 2 mm. An interference signal
can be obtained when the retinal tissue examined enters this co-
herence gate, but the signal intensity attenuates in the depth di-
rection (see B Fig. 1-35 » page 18). Consequently, to obtain high-
quality images in SD-OCT, it is important to bring the retinal
tissue to the upper imaging range. In contrast, EDI-OCT creates

an inverted mirror image as shown in @ Fig. 1-15. Usually, to
avoid signal attenuation in the depth direction and to increase the
visualization signal of the retina, the reference surface is set to
the vitreous side; however, the reference surface of the inverted
mirror image surface is on the choroidal side. This mirror image
appears in the imaging frame when the OCT objective lens gets
closer to the patients eye during scanning. Retinal signal inten-
sity is not high in this mirror image, but choroidal signal inten-
sity increases. When averaging 100 scans of this mirror image,
the speckle noise is removed and visualization of the choroid and

A Boundary between the choroid and sclera

Lamina cribrosa

=
Lamina cribrosa /

The deeper part of the choroid is not visualized

@ Fig. 1-15 An explanatory diagram of EDI-OCT
A: Mirror image, B: normal image.
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B Fig. 1-16 SS-OCT B-scan image and choroidal thickness map
A: Horizontal B-scan, B: choroidal thickness map. From the left: hypermetropia, emmetropia, myopia.

(Modified according to Hirata M, et al. Macular choroidal thickness and volume in normal subjects measured by swept-source optical coherence tomography.
Invest Ophthalmol Vis Sci. 2011; 52: 4971-4978)

lamina cribrosa is markedly improved. This imaging method is
reported by Spaide et al., and is known as enhanced depth imag-
ing (EDI)(1).

SS-OCT

Many commercially available SD-OCT use SLD light sources with
centre wavelengths of 840-870 nm. Recently, 1,050 nm swept
source OCT (SS-OCT) prototypes have been developed, which
are known to excel in choroidal visualization (8 Fig. 1-16A). Since
1,050 nm light is better at permeating the RPE than 800-900 nm
light it is possible to use more light in choroidal image acquisition.
In addition, there is little signal intensity attenuation in the depth
direction as seen in SD-OCT, resulting in clear images of not
only the choroid but also of the vitreous body. With SS-OCT,
averaging B-scans for choroidal thickness measurements is not
required and dense raster scan can be performed to create 3-di-
mensional choroidal thickness maps. Currently, there are already
reports on choroidal thickness of normal eyes measured using
SS-OCT(415 (@ Fig. 1-16B).

Horizontal B scan - white background image

Tone reversal

Horizontal B scan - black background image

B Fig. 1-17 B-scan with white background and black background

Choroidal thickness

Choroidal thickness of normal eyes decreases with older age and
longer axial length(!>19). Tn addition, the choroidal thickness in
the macular area is thinner nasally and thicker temporally re-
gardless of ocular axial length!>17),

1.4 Displaying B-scans

Displaying reflection intensity

When the reflection intensity of light is displayed in black, the
background image is white. Conversely, when it is displayed in
white, the background image is black (8 Fig. 1-17).

Displaying false colours

False colour displays are often used to indicate the reflection dis-
tribution (8 Fig. 1-18). Colours are applied to the reflection in-
tensity of light, such as warm colours for strong reflectivity and
cool colours for weak reflectivity. The colours, however, do not

~ Highly Weakly
_ reflective reflective
Black White
back- back-
ground ground
image image
Weakly Highly
reflective reflective
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O Fig. 1-18 B-scan with false colour display

have a specific meaning. In high-definition B-scans with speckle
noise removed, subtle changes in reflection intensity attributed
to layer boundaries or small lesions can be recognized on mono-
chromatic displays. However, with false colour displays, subtle
changes in reflective light intensity are harder to discern.

1.5 Depth resolution misinterpretations

Speckle noise removal has more impact than
depth resolution on layer structure visualization

The thickness of each retinal layer in the macula exceeds 30 pm
in thickness (B Fig. 1-19)V). Thus, theoretically, if time-domain
OCT with a depth resolution of 10 um such as OCT 2000 or
Stratus OCT is used, the retinal layer structure of the macula
should be clearly visualized. When speckle noise is removed from
Stratus OCT imaging, each retinal layer is indeed clearly visual-
ized (@ Fig. 1-20)®. In contrast, the layer structure does not be-
come distinct even when the depth resolution is increased to
3 um®,

Therefore, the removal of speckle noise is highly important
in improving the resolving power of each retinal layer through
OCT (B Fig. 1-21, 1-22).

ELM and IS/OS boundaries can be visible with
removal of speckle noise

The external limiting membrane and photoreceptor inner and
outer segment junction are histologically merely boundaries,
and thus have almost no thickness to them. However, if the outer
nuclear layer (over 30 um) and the IS (about 23 pm) anterior and
posterior to the ELM, respectively, could be resolved, the ELM
could theoretically be visualized. Similar to the previous section,
analysis of these layers is indeed possible even with the OCT 2000
and Stratus OCT after speckle-noise reduction (@ Fig. 1-23)®.
This indicates that the speckle noise, but not the depth resolu-
tion, is mainly responsible for the unclear visibility of the ELM
and IS/OS in time-domain OCT.

RNFL 32.2 pm
GCL 42.2 ym
IPL 32.6 um
INL 33.4 pm

OPL + ONL 77.6 pm

IS 23.1 pm
OS 37.7 um

O Fig. 1-19 Average macular retinal thickness

(Modified according to Ooto S, et al. Effects of age, gender, and axial length
on the three-dimensional profile of normal macular layer structures. Invest
Ophthalmol Vis Sci. 2011; 52: 8769-8779)

O Fig. 1-20 Speckle noise removal in OCT 3000

A: B-scan. B, C: Image based on the averaging of 13 scans.

(Modified according to Sander B, et al. Enhanced optical coherence tomogra-
phy imaging by multiple scan averaging. Br J Ophthalmol. 2005; 89: 207-212)
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B Fig. 1-21 3 pm single scan SD-OCT image without speckle noise reduction (A) vs. 7 um SD-OCT @ Fig. 1-22 3 pm single scan SD-OCT image with-

image with speckle-noise removed (B) out speckle noise reduction (A) vs. 7 um SD-OCT

Ganglion cell layer (GCL, red double arrows) boundaries are obscured even at a depth resolution of image with speckle-noise removed (B)

3pm. GCL boundaries appear distinct after speckle noise removal even at a depth resolution of 7 um.  Cases of cystoid macular edema. Layers where
lesions exist can be clearly seen after speckle noise
removal.
(Modified according to Hangai M, et al. Ultrahigh-
resolution versus speckle noise-reduction in
spectral-domain optical coherence tomography.
Opt Express. 2009; 17: 4221-4235)

B Fig. 1-23 Speckle noise removal in OCT 2000
Even with a depth resolution of 20 um (OCT 2000), the ELM and IS/OS are visualized after an average of 9 scans is performed and speckle noise is reduced.
(According to Sander B, et al. Enhanced optical coherence tomography imaging by multiple scan averaging. Br J Ophthalmol. 2005; 89: 207-212)
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1.6 - Artifacts

1.6 Artifacts flicks, and drifts (@ Fig. 1-24). In time-domain OCT, distortion
occurs on each B-scan image as a result of involuntary eye move-

1.6.1 The effect of involuntary eye ment due to the slow imaging speed (8 Fig. 1-25). Thus, it is dif-
movement ficult to capture the same image and to remove speckle noise.

High speed image acquisition in SD-OCT allows 3-dimensional
Involuntary eye movement raster scanning and precise averaging of B-scans to remove
Involuntary eye movement is high-frequency micro-movement speckle noise. However, involuntary eye movement can cause
of the eyeball that occurs when the eyeball gazes steadily atafixed  jagged pattern in the 3-dimensional imaging and averaging
target. These movements are composed of 3 elements: tremors, errors in speckle-noise removal (8 Fig. 1-27).

tremor : Extremely small, high-frequency movement

drift : Small, smooth movements

flick : A little, jerk-like movements (microsaccades)

B Fig. 1-24 The 3 elements of involuntary eye movement (schematic diagram)

O Fig. 1-26 3-dimensional image
obtained with spectral-domain OCT
B Fig. 1-25 Image distortion in time-domain OCT Involuntary eye movement can be seen
The distortion is different in each scan. as jagged patterns known as ridges.

Failure

Success

O Fig. 1-27 Errors in B-scan averaging
A: An averaging error occurred due to involuntary eye movement thought to be a flick. B: The B-scan image appears blurred due to an averaging error
thought to be the effect of a tremor.




14 Chapter 1 - The basis of OCT interpretation

1.6.2 Phenomena caused by the optical
properties of tissue

Shadows caused by measurement beam blockage

OCT measurement beams can be blocked by 1) blood flow (8 Fig.
1-28) and 2) opaque lesions (8 Fig. 1-29), resulting in more poste-
rior tissue not being visualized. Blood flow causes loss of the in-
terference signal known as fringe washout. Signals lost posterior
to retinal blood vessels exhibit findings known as shadows.

The effect of the blockage is stronger with more opaque
lesions. Heavy hemorrhage and dense hard exudates can cause
complete measurement beam blockage resulting in no visibility
of posterior tissues..

High-reflectivity caused by excessive measurement
beam penetration

Conversely, in lesions where retinal degeneration or atrophy
is apparent, the light that is normally reflected and scattered or

absorbed by intact retina and RPE reaches the posterior choroid
and sclera. While usually difficult to visualize, the visualization
of these tissues become enhanced (8 Fig. 1-30).

Low-reflectivity due to tilting

When a measurement beam is perpendicular to the nerve fibers
and boundaries, the reflectivity of these structures reaches its
maximum, resulting in visualization. However, when the retinal
angle tilts in relation to the measurement beam due to retinal
detachment or retinal pigment epithelial detachment, reflectivity
of these layers becomes diminished (8 Fig. 1-31). Conversely,
HFL, which originally runs diagonally to the outer plexiform
layer, becomes highly reflective when perpendicular to the
measurement beam (8 Fig. 1-31, Fig. 1-6 » page 5).

B Fig. 1-28 Measurement beam blockage caused by retinal blood vessels (IR + OCT vertical scans)

Arrows (—) indicate shadows caused by retinal blood vessels

B Fig. 1-29 Measurement beam blockage caused by opaque lesions (color fundus photography + OCT B-scans)
A: Due to retinal hemorrahge, B: due to dense hard exudates.
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@ Fig. 1-30 Cone dystrophy (IR + OCT macula horizontal scan)
Choroidal sensitivity is remarkably high beneath the thinned and degenerated macula.

R Y g 17

@ Fig. 1-31 Decrease in reflection intensity caused by retinal tilt (OCT B-scan)

A: Retinal pigment epithelial detachment. The 1S/OS lines in the uninvolved retina perpendicular to the optical axis are highly reflective, whereas the reflec-
tivity of the IS/OS lines in the retinal pigment epithelial detachment area is comparatively low. B: Central serous chorioretinopathy. Within the detached
retina, the perpendicularly oriented portion continues to have high reflectivity while the tilted portion has comparatively low reflectivity. C: Dome-shaped
macula. Reflectivity of each layer and I1S/OS lines on the more tilted side is comparatively low.
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1.6.3 Aspects relating to measurement principles

Reflection of virtual images

SD-OCT has inverted virtual images (termed mirror images)
outside the imaging frame (B Fig. 1-32). As a result, the virtual
images of tissue and lesions sometimes enter the imaging frame.
When this occurs, both real and virtual images are visualized in
the imaging frame at the same time (8 Fig. 1-33).

Involuntary eye movements cause the vitreous body to
change its position against the eye ball. Thus, opacities within the
posterior vitreous cavity and posterior vitreous membrane are
sometimes seen as multiple overlapping layers in B-scan images
with speckle noise removed because these tissues change their
position during multiple scanning for averaging (B Fig. 1-33).

1.6.4 Sensitivity attenuation

Causes of sensitivity attenuation

Decreases in image sensitivity can occur from various causes.
Listed below are issues caused by imaging.

1. Being out of focus

2. The measurement beam enters the pupil eccentrically and
does not intersect the retina perpendicularly

R 1010

Real image

B Fig. 1-32 Real images and virtual images

3. Image not in optimal imaging depth range
4. Insufficient eyelid opening

Listed below are issues caused by the subject.

1. Media opacity (corneal opacity, cataract, vitreous opacity)

2. Ocular surface problems (dry eye, examination immediately
after contact lens wear for slit lamp examination)

3. Poor fixation

Decreases in image sensitivity reduces measurement results of
retinal and retinal nerve fiber layer thickness. Since sensitivity
attenuation caused by the subject are difficult to improve, effort
must be made to resolve imaging-related sensitivity attenuation.

Defocusing

In OCT focusing, various mechanisms are used depending on
the OCT model such as adjusting the focus in SLO imaging, and
devices with automatic optimization features. Defocusing is the
main cause of decreased image sensitivity (8 Fig. 1-34).

Usually, a virtual image is an upside down real image, and the contralateral side (lower section) is highly sensitive.
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Reflection of the virtual image Real image of the
of the vitreous cortex posterior vitreous cortex

Real image of the posterior Virtual image of the posterior
vitreous cortex vitreous cortex

@ Fig. 1-33 Virtual images overlapping the real images
A: Asteroid hyalosis, B: Stage 3 macular hole, C: Vitreomacular traction syndrome.
When images are averaged, involuntary eye movement causes flickering of the posterior vitreous cortex resulting in characteristic overlap and reflection.

@ Fig. 1-34 Decreased sensitivity due to defocusing
A: Image with well-adjusted focus (Quality index 46 dB), B: Image with poorly adjusted focus (Quality index 29 dB).
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Sensitivity attenuation along depth direction

In principle, the SD-OCT has a narrow imaging depth range for
obtaining highly sensitive images. The sensitivity decreases with
Imaging range (coherence gate) (B Fig. 1-35, 1-36). Tissue and
lesions with axially elongated structure such as severe myopia

1 I
i — 1,060nm SS-OCT — ]
OCT .
T
Signal Gt T e '_\l\
intensity ‘\ | ]
(logarithm)
840nm SD-OCT ™| 1
|
0 0.5 1 1.5 2 2.5

B Fig. 1-35 Relationship between imaging range depth and OCT signal
intensity

B Fig. 1-37 Image of SD-OCT sensitivity attenuation compared with SS-OCT
ina dome shaped macula

A: SD-OCT. Downward image sensitivity is low. B: EDI-OCT. Downward
image sensitivity is similarly low. C: SS-OCT (Topcon Corporation proto-
type). There are no areas of apparently decreased sensitivity.

and retinal detachment are problematic (8 Fig. 1-37, 1-38). In the
next generation swept source OCT (SS-OCT), longer imaging
depth can be achieved without significant decrease in sensitivity
(@ Fig. 1-37).

Cc

B Fig. 1-36 Relationship between imaging range depth and SD-OCT signal
intensity
Sensitivity attenuation increases with depth. A: 46 dB, B: 40 dB, C: 31 dB.

D Fig. 1-38 SD-OCT sensitivity attenuation in a peripapillary circle scan
Image of retinal nerve fiber layer on a circle scan centered at the optic disc.
Due to tilting of the sclera around the optic disc, severe myopia results

in an image elongated along depth direction and a decreasing downward
sensitivity.
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2.1 - Idiopathic macular holes

2.1 Idiopathic macular holes

Background

Idiopathic macular holes occur frequently in middle-aged to el-
derly individuals (between 50 and 70 years of age) with emme-
tropia. The female to male ratio is more than 3:1(, Onset is seen
bilaterally in over 10%. In 1988, Gass categorized the progression
to hole formation into 4 stages based on biomicroscopic find-
ings® and suggested that treatment by vitreous surgery was po-
tentially effective. In 1991, Kelly and Wendel reported that full-
thickness macular holes could be closed by vitreous surgery and
gas tamponade®, after which vitreous surgery became standard
treatment. Currently, most macular holes can be closed in com-
bination with internal limiting membrane peeling. Gass reflected
on the findings of macular hole surgery and revised the catego-
ries himself in 1995®. Afterwards, the concept of foveal trac-
tion occurring during the process of posterior vitreous detach-
ment (PVD) was proposed with the introduction of OCT in
1997, establishing the basis for understanding macular hole
pathology ¢-10),

Pathogenesis

The progression of physiological PVD can be elucidated by
OCT"Y (@ Fig. 2-1, 2-2). In the course of physiological PVD,
posterior vitreous cortex detachment progresses from outside of
the macula, via the periphery of the macula to the fovea (8 Fig.
2-2A). This leads to perifoveal detachment of the posterior vitre-
ous cortex with its persistent attachment to the fovea (termed
perifoveal PVD, @ Fig. 2-1C, 2-2C). The remaining attachment to
the fovea is resolved leading to macular PVD (@ Fig. 2-1D, 2-2D).
Finally, a glial ring (Weiss ring) is found on the fundus image
once there is separation of the posterior vitreous cortex from the

B Fig. 2-1 The process of physiological PVD

(Modified according to Uchino E, et al. Initial stages of posterior vitreous
detachment in healthy eyes of older persons evaluated by optical co-
herence tomography. Arch Ophthalmol. 2001; 119: 1475-1479)
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optic disc, thereby completing the course of PVD (B Fig. 2-1E). In
idiopathic macular holes, the perifoveal PVD generates an ante-
rior traction force towards the fovea centralis, which causes the
structure of the fovea to collapse, forming full-thickness macular
holes. Kishi et al. state that, PVD occurs when the thin elastic
posterior wall of the premacular liquefied pocket contracts with
age (B Fig. 2-3)12). In the final stage of this process, the following
3 patterns emerge:
== full-thickness macular hole formation
== PVD is completed without progressing to full-thickness
macular hole with foveal structural abnormalities remaining
== PVD is completed without evident abnormalities in foveal
shape

Itis not clear why the physiological PVD leads to these 3 patterns,
but abnormal adhesion of the posterior vitreous cortex and
fovea (1 as well as thin foveal thickness are thought to be in-
volved.

PVD outside of the macula

B PVD around the periphery of the macula

Macular PVD

o SVRREMRES, S

B Fig. 2-2 The process of physiological PVD and OCT imaging

B Fig. 2-3 Physiological PVD and the premacular liquefied pocket
Contraction of the posterior wall of the precortical vitreous pocket is be-
lieved to cause perifoveal PVD
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Stage classification

Observations with OCT have complemented macular hole stage
classifications® % based on ophthalmoscopic observations made
by Gass©®-19). However, it is difficult for Gass’s Stage 1A and Stage
1B to fully support OCT findings. The essence of idiopathic
macular hole onset is the disruption or removal of the Miiller
cell cone (illustrated below) resulting in foveal photoreceptor

dehiscence at the umbo. Thus, dividing Stage 1 up based on the
presence or absence of photoreceptor dehiscence is essential.

In this book, Stage 1A represents no photoreceptor de-
hiscence at the foveola, and Stage 1B represents dehiscence. If
defined in this way, the classification is decided based on the
stage of PVD and the foveal shape (8 Fig. 2-4).

— Understanding macular hole stage classification better

Stage 1 is a stage where the fovea shape is variably deformed
due to perifoveal PVD, but have not developed a full thickness
macular hole. There are cases where foveal cystoid spaces are
initially formed, cases where foveal detachment develops first,
or cases where both occur (B Fig. 2-4). Changes strongly related
to visual impairment are foveal photoreceptor dehiscence, and
as mentioned previously, In this book, Stage 1A is before dehis-
cence and Stage 1B is after dehiscence. A full-thickness macular
hole forms when a cleft develops in the anterior walls of the cys-
toid space and foveal detachment or foveal photoreceptor de-
hiscence occurs. The stage where the posterior vitreous cortex
and fovea are connected by a flap is Stage 2, the stage where
the flap is disconnected from the fovea centralis to become an
operculum and traction from the posterior vitreous cortex to-

wards the fovea centralis is lost is Stage 3, and the stage where
PVD is completed and macular hole an operculum can no longer
be seen with OCT (the Weiss ring is seen on an biomicroscopy) is
Stage 4.The Stage 1 roof, Stage 2 flap and Stage 3 operculum are
thought to be the same tissue. When the macular holes reach full
thickness, the centrifugal elevation of the edge of the macular
hole progresses and visual impairment increases.

In view of the relationship with posterior vitreous detachment,
in Stage 1 and Stage 2 the posterior vitreous cortex and the
fovea are connected. In Stage 3 the posterior vitreous cortex is
detached from the fovea, but is still connected to the optic disc.
In Stage 4 posterior vitreous detachment is complete and the
posterior vitreous cortex is not visualized since it is outside the
OCT imaging range (B Fig. 2-5).
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O Fig. 2-4 Foveal deformation and stage classifications

Stage 1 and Stage 2

OCT imaging range

B Fig. 2-5 Posterior vitreous cortex and stage classifications
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Spontaneous separation of perifoveal PVD
and foveal deformation, in particular lamellar
macular holes

In Stage 1 macular holes, defined as, the fovael deformation
secondary to perifoveal PVD, the perifoveal PVD frequently
separates into a completed macular PVD without progression to
full thickness macular holes. This process results in various
foveal deformation. When the spontaneous separation occurs
in Stage 1 macular holes that have cystoid spaces with clefts in
the Henle fiber layer (HFL), lamellar macular holes develop,
which are characterized by the clefts remaining in the HFL and
diminished fovea or parafovea (B Fig. 2-6, 2-11)® 19, On the
other hand, when spontaneous separation of perifoveal PVD
occurs in Stage 1 macular holes with foveal detachment or foveal
photoreceptor dehiscence, the disruption of the inner and outer
segments of photoreceptors in the fovea are left, which accounts
for the pathogenesis of a part of macular microholes (8 Fig. 2-6,
2-7, macular microhole paragraph » see page 58)!®- In addition,

Stage 1: Cystoid space-type (with clefts)

._/&\- ELM
— 1IS/0S
RPE

Stage 1: Cystoid space-type (no clefts)

—
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when the perifoveal PVD is spontaneously separated, regardless
of the development of a Stage 1 macular hole, abnormal contour
of the foveal depression, such as flat and v-shaped foveal surface,
remains (8 Fig. 2-6, 2-7). These foveal contour abnormalities are
frequently seen with OCT in the fellow eye of patients with uni-
lateral macular holes (13,

The state of fellow eyes

As mentioned above, a high rate of foveal contour abnormalities
are seen in the fellow eyes of eyes with unilateral macular holes.
In cases where perifoveal PVD is seen, some patients have re-
sidual foveal deformation (9%) whereas in others the normal
contour is maintained (7%) (B Fig. 2-6)(!¥. When perifoveal PVD
is seen in the fellow eye, macular hole incidence increases by six-
fold19), In cases of complete PVD some patients have residual
foveal deformation (17%) while others maintain a normal foveal
contour (36%).

Lamellar macular hole

=
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Stage 1: Foveal detachment type
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B Fig. 2-6 Spontaneous separation of perifoveal PVD and residual deformation of the fovea (diagram)
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Spontaneous closure

While rare, spontaneous closure can occur in all stages from
Stage 1 to Stage 4172V, In addition, reopening can occur after
spontaneous closure??. After spontaneous macular hole closure,
the foveal depression shows abnormal contour similar to that
seen after spontaneous separation of perifoveal PVD.

Postoperative visual prognosis

The macular hole closure rate has improved with internal limit-
ing membrane peeling. In the literature, macular hole closure
rates are reported to be between 76.4 and 100%. However, out-
comes in postoperative visual acuity can vary greatly even when
macular hole closure is achieved. Despite cases of postoperative
visual acuity improving to over 1.0, there are also cases of visual
acuity not changing much at all: such cases of poor visual prog-
nosis are a remaining problem®3-2%). Although the reason why
postoperative visual prognosis varies so greatly from case to case
has not become apparent, the preoperative state of foveal photo-
receptor cells is presumed to have an effect on prognosis. Old age,
poor preoperative vision, a large macular hole diameter, a long
period after onset and advanced stages are mentioned as risk
factors resulting in poor visual prognosis. However, in previous
reports on long-term results, only ageing, poor preoperative
visual acuity and advanced stages are identified as significant risk
factors?> 2% In addition, there are many reports that could not
identify any particular significant factor. Indeed, there are cases
of poor visual acuity recovery even when the period after onset
has been short, the cause of which is presumed to be foveal pho-
toreceptor cells being torn and lost during macular hole forma-
tion. This is also backed up by reports on cases where the inner
segments of photoreceptor cells are included in the surgically

Stage 2 Fellow eye (Stage 1)

Parafoveal elevation

e

Stage 3 Fellow eye (Stage 1)

Stage 1 Fellow eye (+macular PVD)

Stage 4 Fellow eye (+PVD)

collected macular hole opercula®®. Moreover, when observed by
OCT, there are cases where the elevated photoreceptor layer of
the macular hole edges is observed without a defect of IS/OS, and
other cases where a (large) part of IS/OS is defective. These find-
ings may reflect photoreceptor inner and outer segments lost
during or after macular hole formation.

Postoperative OCT findings

Even if macular hole closure is confirmed with biomicroscopy
shortly after macular hole surgery (1 month after), various foveal
contour abnormalities such as defects of foveal inner and outer
segments, foveal detachment, loss of IS/OS and ELM reflectivity,
thinning of the fovea centralis and the IS/OS and ELM lines
depressed onto the retinal pigment epithelium (RPE) line can be
seen with OCT. These findings are associated with visual impair-
ment®%-39. Among these findings, defects of foveal inner and
outer segments and foveal detachment gradually decrease and
disappear, and there are also cases where IS/OS and ELM reflec-
tivity recovers®?).

Tadayoni et al. have reported the occurrence of various find-
ings of retinal nerve fiber layer defects in the posterior pole after
macular hole surgeries with internal limiting membrane peel-
ing®?. This feature has been thought to be dissociated retinal
nerve fiber layer, because these findings are confined to the reti-
nal nerve fiber layer when observed by vertical OCT B-scans
through the fovea and retinal sensitivity abnormalities are not
detected on visual field or microperimetry testing 7-3%. How-
ever, when observed by serial OCT B-scans with speckle
noise removed, damage is observed from the ganglion cell
layer to the inner plexiform layer particularly temporal to the

macula®b42),

Operculum

Flattened (V-shape) foveal depression

Flattened (+irregularities)
foveal depression

Photoreceptor inner and outer segment defects

B Fig. 2-7 Foveal deformation with and without spontaneous separation of perifoveal PVD in the fellow eyes of patients with a macular hole. (OCT)

— Understanding perifoveal PVD and the Miiller cell cone

Yamada et al. reported that the fovea centralis has a cone-
shaped structure with lightfew cell nuclei that is comprised of
Muller cells, referred to as the Miiller cell cone (B Fig. 2-8)39),
Based on these histological findings, Gass hypothesized that
the Miiller cell cone function as a plug to bind together the
photoreceptor cells in the foveola, and when these disconnect,
there is photoreceptor dehiscence of the foveola at the umbo,

leading to macular hole formation (8 Fig. 2-9, 2-10)9. Hangai et
al. and Takahashi et al. observed OCT images indicating the pho-
toreceptor layer dehiscence at the foveola associated with peri-
foveal PVD and isolated Muller cell cone as if perifoveal PVD
pulled out the Muller cell cone, resulting in the dehiscence.® 19,
Thus, the function of the Muller cell cone is thought to be struc-
tural support of the fovea centralis.
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O Fig. 2-8 The structure known as the fovea centralis Miiller cell cone (surrounded by orange dotted line, optical light microscopic image and OCT image)
(The left figure has been modified according to Yamada E. Some structural features of the fovea centralis in the human retina.

Arch Ophthalmol. 1969:82; 151-159)

Forward traction vector causing separation of the Muller cell cone

Efferent traction vector

The fovea elevated

l by traction
A

Mdiller cell cone

I s
i

O Fig. 2-9 Diagram indicating the foveal photoreceptor layer disruption
This diagram shows the involvement of the Miiller cell cone in macular hole
formation following the forward traction vector force generated by peri-
foveal PVD

Perifoveal PVD

Clefts in the HFL

M — |

Elevation of the photoreceptor

inner and outer segments due to ~
efferent tractional force generated |
by Henle fibers

Photoreceptor layer
that has dehisced
in a crown-shape

ELM

B Fig. 2-10 3D-OCT imaging indicating the foveal photoreceptor layer
disruption

The Miller cell cone with dehiscence of the foveal photoreceptor cell layer;
the surface of the fovea centralis is being pulled forward as a result of peri-
foveal PVD and the Muller cell cones appears over the disrupted photo-
receptor layer at the umbo. (Modified according to Hangai M, et al. Three-
dimensional imaging of macular holes with high-speed optical coherence
tomography. Ophthalmology. 2007; 114: 763-773)
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Case 1 - Physiological PVD: Flattening of foveal depressions

Case 1 Physiological PVD: Flattening of foveal depression

A 68-year-old male, OS, BCVA 0.5

me Operculum

A: OCT horizontal scan of the left eye: at initial diagnosis. PVD (=) has not yet extended to the macular area. B: OCT horizontal scan of the same area of the
left eye: 4 months after initial diagnosis. Progression of macular PVD is evident in the temporal macula. C: OCT horizontal scan of the same area of the left
eye: 7 months after initial diagnosis. Macular PVD is complete and an operculum appears (») have formed. Foveal depressions have flattened (=)

Image interpretation points

Over the course of physiological PVD, foveal contour abnor- macular hole. Foveal depression have flattened. Left eye best-

malities may remain or appears once the posterior vitreous corrected visual acuity remains unchanged at 1.2. Abnormalities

cortex and fovea have separated and macular PVD is complete.  may also remain inside the fovea.
This case involves the fellow eye of a right eye with Stage 3
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Case 2 Idiopathic macular holes: Progression from stage 1 (cystoid space type) to stage 2

A 53-year-old female, OS, BCVA 1.2 at the initial diagnosis, and 0.3 six months later

Small foveal detachment

Cleft in the HFL

A: Color fundus photograph in the left eye, B: Enlarged version of A [red dashed box]: at initial diagnosis. A yellow ring can be seen in the fovea centralis.
C: IR + OCT horizontal scan of the left eye: at initial diagnosis. Perifoveal PVD developed, the posterior vitreous cortex (=) has pulled the fovea centralis
forward and foveal depressions have been flattened. D: IR + OCT horizontal scan of the left eye: 4 months after initial diagnosis. Foveal cystoid space (=) is
formed. Best-corrected visual acuity is unchanged. E: IR + OCT horizontal scan of the left eye: 6 months after initial diagnosis. Progression to Stage 2 macu-

lar hole. Best-corrected visual acuity to 0.3

Image interpretation points

This is the fellow eye of a patient with a Stage 3 macular hole.
Progression from a Stage 1 to Stage 2 macular hole was ob-
served. At initial diagnosis, perifoveal PVD had developed,
foveal depression had been flattened and small foveal detach-
ments were observed. A cystoid space formed 4 months after
initial diagnosis; 6 months after initial diagnosis the anterior

wall of the cystoid space separated and the foveal photorecep-
tor layer dehisced into a full-thickness macular hole. Visual
acuity did not decrease with the formation of cystoid space or
small foveal detachment, but did decline with foveal dehis-
cence. The incidence of a macular hole in macular hole fellow
eyes is 13-22%.



Case 3 - Idiopathic macular hole: Stage 1 foveal cystoid space formation type

Case 3 Idiopathic macular hole: Stage 1 foveal cystoid space formation type

A 64-year-old female, OS, BCVA 1.2

A: Color fundus photograph in the left eye, B: Enlarged version of A [red dashed box]: yellow ring can be seen in the fovea centralis, C: IR + OCT horizontal
scan of the left eye + enlarged version [red dashed box]: Perifoveal PVD has been formed. The posterior vitreous cortex (=>) has pulled the fovea forward,
forming the cystoid space and clefts in the HFL (%). The anterior wall of the cystoid space has been lifted high up. Small foveal detachments can be seen.

A columnar structure (=) thought to be Miiller cells is seen in the clefts of HFL. Centrifugal forward traction towards the fovea centralis is transmitted via
the columnar structure to the foveal photoreceptor layer. D: IR + OCT vertical scan of the left eye: same findings as in C

Image interpretation points

This is a stage 1 macular hole where a foveal cystoid space acuity remained good for 6 months after initial diagnosis, if
and HFL clefts are formed. Perifoveal PVD causes the elevation  the anterior wall separation occurs together with the foveal

of the anterior wall of the cystoid space. A small foveal de- photoreceptor dehiscence, this eye will progress to a full-thick-
tachment is observed as a small protrusion of the COST line. ness macular hole.

No visual acuity decline was seen at initial diagnosis and visual
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Case 4 Idiopathic macular hole: Stage 1 foveal detachment type

A 62-year-old female, OS, BCVA 0.5

A: Color fundus photograph in the left eye: at initial diagnosis, B: Enlarged version of A [red dashed box]: Foveal abnormalities are obscured. C: IR + OCT
horizontal scan of the left eye + enlarged version [red dashed box]: at initial diagnosis. Perifoveal PVD has developed, the posterior vitreous cortex (=) has
pulled the fovea forward and foveal detachment can be seen. No photoreceptor dehiscence visible, but enhanced reflectivity can be seen in the area corre-
sponding to the Miiller cell cone (blue dashed circle). D: IR + OCT horizontal scan of the left eye + enlarged version [red dashed box]: 1 month after initial
diagnosis. Photoreceptor dehiscence has occurred (red dashed circle). Best-corrected visual acuity declined to 0.3

Image interpretation points

A stage 1 macular hole where foveal photoreceptor dehiscence  tion. It is interesting that the area corresponding to the Muller
was preceded by foveal detachment. There are also cases cell cone becomes highly reflective before the development of
where photoreceptor layer dehiscence progresses directly photoreceptor dehiscence.

from foveal detachment without foveal cystoid space forma-
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Case 5 - Idiopathic macular hole: Stage 1 photoreceptor dehiscence type

Case 5 Idiopathic macular hole: Stage 1 photoreceptor dehiscence type

A 60-year-old female, OS, BCVA 0.5

The cavity of the yellow ring is expanding

Mdiller cell cone

Photoreceptor dehiscence

Expansion of photoreceptor dehiscence

A: Color fundus photograph in the left eye, B: Enlarged version of A [red dashed box]: at initial diagnosis. A yellow ring is visible. C: Color fundus photo-
graph in the left eye, D: Enlarged version of C [red dashed box]: 1 month after initial diagnosis. E: IR + OCT horizontal scan of the left eye + enlarged version
[red dashed box]: at initial diagnosis. Photoreceptor dehiscence has occurred and the Miiller cell cone can be seen. The posterior vitreous cortex (=) in
perifoveal PVD is pulling the fovea forward. F: IR + OCT horizontal scan of the left eye + enlarged version [red dashed box]: 1 month after initial diagnosis.
The Muiller cell cone is still visible; this could almost be a scan of the same area as E, but with expansion of the macular hole. Best-corrected visual acuity

is unchanged

Image interpretation points

This is a case of stage 1 macular holes where photoreceptor ing. This is also supported by the observation that the macular
dehiscence has occurred without forming a foveal cystoid hole appears to expand scans of the same area as soon as
space or foveal detachment. Contraction of the Miiller cell 1 month after initial diagnosis.

cone is mild, which could indicate that dehiscence is just end-
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Case 6 Idiopathic macular hole: Stage 1 small foveal detachment type

A 64-year-old female, OD, BCVA 0.8

Small foveal detachment

Small foveal detachment

A: Color fundus photograph in the right eye, B: Enlarged version of A [red dashed box]: at initial diagnosis. A yellow ring can be seen in the fovea centralis.
C: IR + OCT horizontal scan of the right eye: Perifoveal PVD has occurred, the posterior vitreous cortex (—>) has pulled the fovea centralis forward and
foveal depression has flattened. Small foveal detachment, i.e., uplift of the foveal COST line and highly reflective foveal photoreceptor outer segment are
seen. D: IR + OCT vertical scan of the right eye + enlarged version [red dashed box]: same findings as C

Image interpretation points

This is the case of a fellow eye of a patient with a stage 2 mac- is mild. Visual acuity starts to decline once foveal dehiscence oc-
ular hole. The small protrusion in the COST line indicates the currs. These changes could be found because this is the fellow
presence of small foveal detachment. Visual acuity impairment  eye of a patient with a full-thickness macular hole.
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Case 7 - Idiopathic macular hole: A case just before progression from stage 1 to stage 2

Case 7 Idiopathic macular hole: A case just before progression from stage 1 to stage 2

A 61-year-old male, OS, BCVA 0.2

Posterior vitreous cortex

A: Color fundus photograph in the left eye, B: Enlarged version of A [red dashed box]: at initial diagnosis. An irregular-shaped yellow ring is visible. C: IR +
OCT horizontal scan of the left eye + enlarged version [red dashed box]: Photoreceptor dehiscence has occurred and a flap-like elevation can be seen that
is similar to the flap seen in a stage 2 macular hole, however, this macular hole is bridged by a moderately reflective thin membranous tissue connecting to
the external limiting membrane. Tissue thought to be the Miiller cell cone (=) can be seen in the center of the flap-like structure. Note the elongation of
the photoreceptor outer segment in the elevated edge of the macular hole. D: IR + OCT vertical scan of the left eye: it is only evident that foveal detach-
ment and a foveal cystoid space are present

Image interpretation points

This is a case of a stage 1 macular hole progressing to stage 2. dehiscence and poor visual acuity. Usually, visual acuity impair-
Probably, the anterior wall of the cystoid space have separated  ment increases when photoreceptor dehiscence occurs.
and are changing into a flap. This has caused photoreceptor
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Case 8 Idiopathic macular hole: Typical example of stage 2

A 62-year-old female, OS, BCVA 0.08

A: Color fundus photograph in the left eye, B: Enlarged version of A [red dashed box]: at initial diagnosis. A macular hole is with one-third the size of the
optic disc diameter is seen. C: IR + OCT horizontal scan of the left eye + enlarged version [red dashed box], D: IR + OCT vertical scan + enlarged version [red
dashed box]: A flaccid posterior vitreous cortex (=) attached to the flap can be seen. The photoreceptor layer on the elevated edge of the macular hole
(posterior medial to the ELM line) is preserved with few defects. E: Color fundus photograph in the left eye, F: Enlarged version of E [red dashed box]:

3 weeks after macular hole surgery. Macular hole closure can be seen. G: Color fundus photograph of the same eye, H: Enlarged version of G [red dashed
box]: 6 months after surgery. Best-corrected visual acuity improved to 0.7. Dissociated optic nerve fiber layer (DONFL) appearance that was not evident

3 weeks after surgery have appeared

1: IR + OCT horizontal scan of the left eye + enlarged version [red dashed box], J: IR + OCT vertical scan of the left eye + enlarged version [red dashed box]:
3 weeks after surgery. Best-corrected visual acuity was 0.1. Disruption of the IS/OS at the fovea centralis and thinning of the outer nuclear layer can be
seen. As the ELM approaches the RPE, indicating the significantly thin photoreceptor inner and outer segments. Defective damages to the inner retinal
layers in the temporal macula are visible, although this area was not in contact with any instruments during surgery. No evident abnormalities are visible
in the upper and lower retinal nerve fiber layer. K: IR + OCT horizontal scan of the left eye + enlarged version [red dashed box], L: IR + OCT vertical scan of
the left eye + enlarged version [red dashed box]: 6 months after surgery. There is visible restoration of IS/OS line and COST line, and the thickness of the
photoreceptor inner and outer segments has been re-instated. Nevertheless, the outer nuclear layer of the fovea centralis is still slightly thin. In addition
to localized thinning of the macular upper and lower retinal nerve fiber layer consistent with DONFL appearance, there is also thinning throughout the
macula compared with postoperative week 3. Particularly, temporal retinal thinning has progressed. Retinal nerve fiber layer reflectivity has disappeared
and thinning is noticeable up to the ganglion cell layer.
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Image interpretation points

This is a typical stage 2 macular hole in which the flap is pulled
forward by the posterior vitreous cortex. Cystoid spaces are
formed in the HFL; the photoreceptor layer on the edge of the
macular hole have been detached and elevated from the RPE.
The degree of the photoreceptor damages can be estimated
by the status of the photoreceptor inner and outer segments
beneath the ELM line of the elevated area. In this case, there
are few defects in photoreceptor inner and outer segments
and the good visual acuity prognosis is expected.
Immediately after surgery, features indicating foveal photo-
receptor cell damages such as disruption of the IS/OS and
COST lines as well as the approach of the ELM line to the RPE

can be seen. However, 6 months after surgery these abnormal
findings have disappeared and each line has been restored.
Nevertheless the foveal outer nuclear layer remains thinned.
These 3 lines are useful in knowing the extent of the foveal
photoreceptor cell damages, but it should be kept in mind that
restoration may occur. DONFL appearance not seen immediately
after surgery are visible in postoperative month 1-6; note the
diffuse thinning in the retinal nerve fiber layer in the upper and
lower parts of the macula, particularly at the DONFL sites.
There is significant thinning of the temporal macula up to the
ganglion cell layer. This defect is thought to be due to internal
limiting membrane peeling.
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Case 9 Idiopathic macular hole: Postoperative course for macular hole closure under gas tamponade

A 65-year-old female, OD, BCVA 0.2

- Highly reflective junction line
./
: Photoreceptor inner and outer segment defects
Pap—— /

| —

SF6 gas boundary surface
Foveal cystoid space remaining along the closure junction line

Photoreceptor inner and outer segment defects

A: Color fundus photograph in the right eye: 1 week after surgery. Macular hole closure has been achieved. SF4 gas remains. B: Color fundus photograph in
the right eye: 1 month after surgery. Best-corrected visual acuity has improved to 0.4. Numerous arcuate striae with slightly darker color, so-called DONFL
appearance, can be seen. C: Color fundus photograph in the right eye, D: Enlarged version of C [red dashed box]: 6 months after surgery. Best-corrected
visual acuity is 0.4. DONFL appearance remains. E: IR + OCT vertical scan of the right eye + enlarged version [red dashed box]: 1 week after surgery. The
macular hole have closed, but a foveal cystoid space and photoreceptor inner and outer segment defects can be seen along the closure junction line.

F: IR + OCT vertical scan of the right eye + enlarged version [red dashed box]: The cystoid space have disappeared, and high reflectivity can be seen at the
junction line in the foveal outer nuclear layer. Photoreceptor inner and outer segment defects remain. Retinal nerve fiber layer defects consistent with the
arcuate striae in DONFL appearance can be seen. G: IR + OCT vertical scan of the right eye + enlarged version [red dashed box]: 6 months after surgery.
Foveal photoreceptor inner and outer segment defects appear to have been reduced.

Image interpretation points

The macular holes are thought to have closed in 1 day after
surgery. Despite closure, there are cystoid spaces, photo-
receptor IS/OS defects in the junction line, and incomplete
restoration of the foveal contour. This may account for the
risk of macular hole reopening that increases when the gas

tamponade treatment period was shortened. It takes time for
photoreceptor inner and outer segment defects to disappear.
Interpretation of the OCT features corresponding to DONFL
appearance is addressed in the next page..
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Case 9 - DONFL appearance

Case 9 DONFL appearance

Retinal nerve fiber layer
Ganglion cell layer

Ganglion cell layer  Inner plexiform layer

Retinal nerve fiber layer

H: Color fundus photograph in the right eye: 5 months after surgery. DONFL appearance can be seen over the macular area where internal limiting membrane
peeling was performed. I: Microperimetry-1 in the right eye: 5 months after surgery. Several points where visual sensitivity has declined to 13 dB or less are
detected even outside the fovea. J: IR + OCT horizontal scan of right eye + enlarged version [red dashed box]: Note that the defects of the inner retinal layers
in the temporal macula corresponding to the arcuate striae extend deeper than the retinal nerve fiber layer. K: IR + OCT vertical scan of the right eye + en-
larged version [red dashed box]: Thinning of the retinal nerve fiber layer can be seen in both the superior and inferior areas of DONFL appearance.

Image interpretation points

This page shows the OCT images of DONFL appearance. gery, these abnormal findings are thought to be due to inner
While most areas of DONFL appearance show only retinal limiting membrane peeling. In this particular case, the micro-
nerve fiber layer defects or thinning on a vertical scan through  perimety test points were set as dense as possible and a decline
the fovea, the temporal areas of DONFL appearance show de- in retinal sensitivity was identified on several points. However,
fects from the retinal nerve fiber layer to the ganglion cell layer  the sites with deep retinal defects are too small compared to the
and sometimes the inner plexiform layer. Since the temporal test point distribution in standard visual field and microperime-

macula was not in contact with any instruments during sur- try testing to be detected by the testing.
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Case 10 Idiopathic macular hole: Postoperative course for macular hole closure

Left eye of a 58-year-old female with vision corrected to 0.3

SF6 gas boundary surface

Highly reflective junction line

Foveal detachment

Highly reflective junction line

Highly reflective junction line

Foveal detachment

A: Color fundus photograph in the left eye, B: Enlarged version of A [red dashed box]: at initial diagnosis. A macular hole surrounded by a fluid cuff. C: Color
fundus photograph in the left eye, D: Enlarged version of C [red dashed box]: 2 months after surgery. Best-corrected visual acuity has improved to 0.7. The
macular hole has closed and a white opacity remains in the fovea centralis. E: IR + OCT horizontal scan of left eye: before surgery. A stage 2 macular hole.

F: IR + OCT horizontal scan of the left eye: 9 days after surgery. The macular hole has closed, but foveal detachment remains. A part of SF¢ gas remains. High
reflectivity can be seen at the junction line. G: IR + OCT horizontal scan of the left eye: 2 months after surgery. Foveal detachment still remains. H: IR + OCT
horizontal scan of the left eye + enlarged version [red dashed box]: 5 months after surgery. Best-corrected visual acuity has improved to 0.7. Foveal detach-
ment has disappeared. High reflectivity remains at the junction line. Thin membranous structure is seen on the surface of the closed macular hole. The

photoreceptor outer segment is still thin.

Image interpretation points

A macular hole is thought to have closed 1 day after surgery;
however, foveal detachment sometimes remains over 3 months
after closure was achieved. Photoreceptor layer restitution also
takes several months. Scarring formed by the migration of glial
cells is thought to be involved in macular hole closure. Foveal

findings 5 months after surgery revealed that thin membranous
structure had formed in front of the foveal retinal nerve fiber
layer. This suggests that glial cell migration results in the forma-
tion of a cellular fibrous membrane, which may be involved in
macular hole closure.
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Case 11 Idiopathic macular hole: Typical example of stage 3

A 65-year-old female, OS, BCVA 0.07

Cystoid spaces in the HFL

Operculum

Operculum

Cystoid spaces in the HFL

Photoreceptor inner and outer segments beneath the ELM

Photoreceptor inner and outer segments beneath the ELM

A: Color fundus photograph in the left eye, B: Enlarged version of A [red dashed box]: at initial diagnosis. A small macular hole with approximately one-
quarter the size of the optic disc diameter is seen. C: IR + OCT horizontal scan of the left eye, D: IR + OCT vertical scan of the left eye: An operculum can be
seen in the posterior vitreous cortex (=>). E, F: Enlarged version of C and D [red dashed box]: The photoreceptor layers beneath the ELM on the elevated

edges of the macular hole are preserved with few defects.

Image interpretation points

This is a typical stage 3 macular hole, in which the posterior
vitreous cortex including an operculum. No glial ring was seen
with an biomicroscopic examination, the posterior vitreous
cortex is attached to the optic disc, and the posterior vitreous
cortex in the front of the macula is usually visible in the imag-
ing range in OCT images. Cystoid spaces are formed in the HFL
and the photoreceptor layers on the edge of the macular hole

have become detached and elevated from the RPE. The degree
of the photoreceptor cell disorder can be estimated by the sta-
tus of the photoreceptor inner and outer segments beneath the
ELM. In this example, there are few photoreceptor inner and
outer segment defects and the good visual acuity prognosis can
be expected.
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Case 11 After surgery

A 65-year-old female, OS, BCVA 0.8

Damages to the inner retinal layers

Restitution of the IS/OS line

Photoreceptor inner and outer segment defects

Restitution of the IS/OS line

G: Color fundus photograph in the left eye, H: Enlarged version of A [red dashed box]: 3 weeks after macular hole surgery. Macular hole closure can be seen.
1: IR + OCT horizontal scan of the left eye: 3 weeks after surgery. Vision corrected to 0.8. Reflectivity of foveal IS/OS line is already being restored, although it is
still weak. The thickness of the photoreceptor inner and outer segments and outer nuclear layer is almost normal. Damages of the temporal inner retina can
be seen. J: IR + OCT oblique scan of the left eye: 3 weeks after surgery. Foveal photoreceptor IS/OS defects can be seen on this scan. K: IR + OCT oblique scan
of the left eye: 2 months after surgery. Best-corrected visual acuity has improved to 1.0. No photoreceptor I1S/0S defects could be identified.

Image interpretation points

This is the fellow eye of a patient with a stage 4 macular hole. ment defect is a minor finding that cannot be identified unless
While a small inner and outer segment defect remains imme- dense serial scans are performed. Before surgery, there were few
diately after surgery, the IS/OS is being restored 2 months after  defects found in the inner and outer segments of the elevated
surgery. No thinning can be seen in the outer nuclear layer edges of the macular hole, suggesting damages to foveal photo-
or photoreceptor inner and outer segments at the fovea. The receptor cells were not severe. The thinning of the temporal
foveal contour appears to have been restored close to its inner retinal layers is attributable to internal limiting membrane

normal form. The small photoreceptor inner and outer seg- peeling.
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Case 12 - Idiopathic macular hole: Typical example of stage 4

Case 12 Idiopathic macular hole: Typical example of stage 4

A 69-year-old female, OD, BCVA 0.07

Cystoid spaces in the HFL Cystoid spaces in the HFL

Photoreceptor inner and outer segments beneath of the ELM Photoreceptor inner and outer segments beneath of the ELM

A: Color fundus photograph in the right eye, B: Enlarged version of A [red dashed box]: at initial consultation. A fairly large macular hole is visible measur-
ing approximately one-half the optic disc diameter in size. C: IR + OCT horizontal scan of the right eye.

D: IR + OCT vertical scan of the right eye: Posterior vitreous cortex is not seen in the imaging frame. E, F: Enlarged version of C and D [red dashed box]:
The inner and outer segments beneath the ELM on the elevated edges of the macular hole are preserved with few defects.

Image interpretation points

This is a stage 4 macular hole where a glial ring can be ob- macular hole is useful in knowing damages to foveal photore-
served with a biomicroscopy and the posterior vitreous cortex  ceptor cells. In this example, there are few defects in these layers
is outside the OCT imaging frame. The status of the inner and and good visual acuity prognosis is expected.

outer segments beneath the ELM on the elevated edges of the
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Case 13 Idiopathic macular hole: Old case of stage 4

A 73-year-old female, OD, BCVA 0.1

Outer segment shedding

i
e gl "y
.

A: Color fundus photograph in the right eye, B: Enlarged version of A [red dashed box]: at initial diagnosis. A comparatively large macular hole approxi-
mately 1/2 the optic disc diameter can be seen. C: IR + OCT horizontal scan of the right eye.

D: IR + OCT vertical scan of the right eye: Cystoid spaces are significant not only in the HFL but also in the inner nuclear layer. The posterior vitreous cortex
is not in the OCT imaging range.

Enlarged version of E, F, C and D [red dashed box]: Defects of the photoreceptor inner and outer segments beneath the ELM on the elevated edges of the
macular hole are significant

Image interpretation points

This is the case of a stage 4 macular hole where a glial ring is point as can be seen on the upper temporal portion of the
seen with an biomicroscopy and the posterior vitreous cortex macular hole. In addition to the large macular hole size, the
is outside the imaging frame. In this example, the fellow eye severe defects of the inner and outer segments beneath the

also has a stage 4 macular hole. Given the chronic nature of this  ELM on the elevated area illustrates serious photoreceptor
macular hole, there is significant displacement of the fixation damages.



45
Case 13 - Stage 4 after surgery

Case 13 Stage 4 after surgery

; SF6 gas boundary surface
Open macular hole

Closed macular hole

G: Color fundus photograph in the right eye, H: Enlarged version of G [red dashed box]: 1 week after first surgery. Macular hole closure has not been
achieved. I: IR + OCT vertical scan of the right eye: 1 week after first surgery. The edge of the macular hole has become flattened, but the macular hole is
not closed. SFg gas remains. J: IR + OCT horizontal scan of the right eye, K: IR + OCT vertical scan of the right eye: 1 month after the second surgery. Best-cor-
rected visual acuity was 0.15. Macular hole closure has been achieved, but foveal thinning is pronounced.

Image interpretation points

This is the fellow eye of a patient with a stage 4 macular hole. appears to be minimal nerve tissue remaining in the fovea
In this case the macular hole was large and was only closed centralis. The macular hole may have been closed by filling in
after a second surgery was performed. Unfortunately, there with interstitial tissue such as glial tissue.
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Case 14 Idiopathic macular holes: Progression from lamellar to full-thickness macular holes

A 65-year-old male, OS, BCVA 1.2

: ..

Cleft in the HFL

Thinned foveal outer nuclear layer

Cystoid spaces in the HFL

A: Color fundus photograph, B: Enlarged version of A [red dashed box]: at initial diagnosis. Lamellar macular hole findings are evident. C: Same area as B:

5 months after initial diagnosis. A full-thickness macular hole have developed. D: IR + OCT vertical scan of the left eye + enlarged version [red dashed box]:
Features characteristic to lamellar macular hole, such as clefts in the HLF and diminished foveal outer nuclear layer, are evident. E: IR + OCT vertical scan of
the left eye: 3 months after initial diagnosis. Best-corrected visual acuity has declined to 0.9. The lamellar macular hole has progressed to a full-thickness
macular hole. Little elevation in the edges of the macular hole is seen. F: IR + OCT vertical scan of the left eye: 5 months after initial diagnosis. Best-correct-
ed visual acuity has further declined to 0.7. Elevation in the edges of the macular hole is noted.

Image interpretation points

A lamellar macular hole develops when a perifoveal PVD hole after becoming lamellar. Foveal outer nuclear layer thinning
spontaneously separates from the fovea in eyes with a stage 1 is significant in a lamellar macular hole, sometimes causing
macular hole or when a macular hole closes spontaneously. foveal photoreceptor dehiscence.

However, this case progressed into a full-thickness macular



Case 15 - Stage 1 macular hole: Spontaneous separation of perifoveal PVD
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Case 15 Stage 1 macular hole: Spontaneous separation of perifoveal PVD

A 46-year-old female, OD, BCVA 1.2

A: Color fundus photograph in the right eye, B: Enlarged version of A [red dashed box]: 6 months after initial diagnosis. A double yellow ring is visible. C: IR
+ OCT horizontal scan of the right eye + enlarged version [red dashed box]: 6 months after initial diagnosis. Perifoveal PVD is evident with elevation of the
foveal surface and a tiny foveal detachment (») resulting from centrifugal forward traction of the fovea centralis. = indicates the posterior vitreous cortex.
D: IR + OCT horizontal scan of the right eye + enlarged version [red dashed box]: 9 months after initial diagnosis. Best-corrected visual acuity is 1.2. Perifo-
veal PVD has separated spontaneously, elevation of the foveal surface has disappeared and the foveal detachment has receded (»). E: IR + OCT horizontal
scan of the right eye + enlarged version [red dashed box]: 12 months after initial diagnosis. Best-corrected visual acuity is 1.2. The small foveal detachment

has disappeared.

Image interpretation points

A perifoveal PVD was observed at initial diagnosis, but without
evidence of foveal deformation. Six months after initial diagno-
sis, the foveal surface was elevated and a small foveal detach-
ment had developed; 9 months after initial diagnosis the macu-

lar PVD was complete. Elevation of the foveal surface disappeared
and slight abnormal reflectivity of the photoreceptor inner and
outer segments in the fovea centralis remained. 12 months after
initial diagnosis, the fovea centralis was restored to normal.
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Case 16 Stage 1 macular hole: Macular microhole formation

A 58-year-old female, OD, BCVA 0.8

Small foveal detachment

A: Color fundus photograph in the right eye, B: Enlarged version of A [red dashed box]: at initial diagnosis. A yellow ring is visible with a yellow dot in the
center. C: IR + OCT horizontal scan of the right eye + enlarged version [red dashed box]: at initial diagnosis. Perifoveal PVD evident with elevation of the
foveal surface and a small foveal detachment (=) resulting from centrifugal forward traction of the fovea centralis. => shows the posterior vitreous cortex.
D: IR + OCT horizontal scan of the right eye + enlarged version [red dashed box]: 2 months after initial diagnosis. Best-corrected visual acuity is 0.9. Spon-
taneous separation of perifoveal PVD is in progress. E: IR + OCT horizontal scan of the right eye + enlarged version [red dashed box]: 3 months after initial
diagnosis. Best-corrected visual acuity has improved to 1.2. Perifoveal PVD has separated and a flaccid posterior vitreous cortex can be seen. Photoreceptor

inner and outer segment defects (macular microholes) remain.

Image interpretation points

Upon initial diagnosis, there was a perifoveal PVD causing
elevation of the foveal surface where the posterior vitreous
cortex adheres. Also seen was a small foveal detachment
which was more likely a disruption of the foveal IS/OS and
COST. In this case, however, foveal deformation did not worsen

and the perifoveal PVD separated spontaneously. Three months
after initial diagnosis, elevation of the foveal surface had reced-
ed and findings known as »a macular microhole« could be seen
in the photoreceptor inner and outer segments. Best-corrected
visual acuity was relatively good.



Case 17 - Stage 2 macular hole: Spontaneous closure
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Case 17 Stage 2 macular hole: Spontaneous closure

A 72-year-old male, OD, BCVA 0.6

A: IR + OCT vertical scan of the right eye: at initial diagnosis. A stage 2 macular hole is seen. B: IR + OCT vertical scan of the right eye: 1 month after initial
diagnosis. Best-corrected visual acuity has improved to 1.0. Spontaneous closure can be seen but perifoveal PVD has not separated. => indicates the pos-
terior vitreous cortex. This image appears to indicate stage 1 macular hole with foveal detachment. C: IR + OCT vertical scan of the right eye: 6 months after
initial diagnosis. Best-corrected visual acuity is 1.2. Centrifugal forward traction resulting from perifoveal PVD continues; a flap-like foveal anterior wall is
beginning to separate (»). D: IR + OCT horizontal scan of the right eye: 12 months after initial diagnosis. Best-corrected visual acuity is 1.2. Macular PVD is
complete and an operculum (») is attached to the posterior vitreous cortex. Foveal detachment continues to recede. E: IR + OCT vertical scan of the right
eye: 12 months after initial diagnosis. Similar findings to D noted. A mirror image of the operculum outside the imaging range is reflected

Image interpretation points

This is an unusual case where the macular hole temporarily
progressed into a stage 2 full-thickness macular hole, but
spontaneously closed and returned to stage 1 regardless of
the presence of perifoveal PVD. If the initial visit had been
1 month later, it would not have been evident that the hole

was previously stage 2. There are instances where visual acuity
is not completely improved despite spontaneous closure,
however, this patient’s corrected vision improved to over 1.0
with closure.
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Case 18 Stage 3 macular hole: Spontaneous closure

A 68-year-old male, OD, BCVA 0.3

Foveal detachment

Foveal detachment

A: Color fundus photograph in the right eye, B: Enlarged version of A [red dashed box]: at initial diagnosis. Stage 3 macular hole is seen. C: Same area as B:
8 months after initial diagnosis. The macular hole has closed spontaneously. D: IR + OCT vertical scan of the right eye: at initial diagnosis. An operculum (»)
and a macular hole are seen. Cystoid spaces in the HFL and elevation of the photoreceptor layers at the edges of the macular hole are also seen. = indi-
cates the posterior vitreous cortex. E: IR + OCT vertical scan of the right eye: 1 month after initial diagnosis. Visual acuity has improved to 0.5. The macular
hole has closed spontaneously and the foveal detachment remains. F: IR + OCT vertical scan of the right eye: 8 months after initial diagnosis. Best-corrected
visual acuity has improved to 0.9. Foveal detachment remains. The operculum (») and posterior vitreous cortex are further from the retina. The foveal
depression has recovered.

Image interpretation points

This is an example of spontaneous closure of a stage 3 macular  closed by surgery, foveal detachment can remain for around
hole. The edges of the macular hole have been centrifugal half a year. While the spontaneous closure of macular holes is
elevated. Foveal detachment remained until long after spon- unusual, they can occur at any stage.

taneous closure. Even in cases where macular holes have been
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Case 19 - Stage 4 macular hole: Spontaneous closure

Case 19 Stage 4 macular hole: Spontaneous closure

A 68-year-old male, OD, BCVA 0.3

Foveal detachment

Cleftsinthe HFL =

S - ;L;-Aﬂ

-

.

A: Color fundus photograph in the right eye, B: Enlarged version of A [red dashed box]: at initial diagnosis. A stage 4 macular hole is seen. C: Same area
as B: 1 month after initial diagnosis. Best-corrected visual acuity has improved to 0.7. A lamellar macular hole findings is seen. D: IR + OCT horizontal scan
of the right eye: at initial diagnosis. A full-thickness macular hole is seen. There is slight elevation in the edges of the macular hole. E: IR + OCT horizontal
scan of the right eye 1 month after initial diagnosis. The macular hole has closed spontaneously. Features characteristic to lamellar macular holes, such as
clefts in the HFL and diminished foveal outer nuclear layer, are evident. F: IR + OCT horizontal scan of the right eye + enlarged version [red dashed box]:
8 months after initial diagnosis. Foveal detachment and lamellar macular hole features remain. Best-corrected visual acuity has improved to 1.2. Note the
remaining clefts in the HFL and thin foveal outer nuclear layer, indicating lamellar macular hole.

Image interpretation points

This is an example of spontaneous closure of a stage 4 macular  Although unusual, the spontaneous closure of macular holes
hole. Features characteristic to lamellar macular holes, suchas is thought to be one of the pathogenic mechanisms of lamellar
clefts in the HFL and diminished foveal outer nuclear layer,are  macular hole formation.

demonstrated after spontaneous closure of the macular hole.
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Case 20 Traumatic macular hole: A typical example

An 11-year-old male, OS, BCVA 0.3

A: Color fundus photograph in the left eye: at initial diagnosis. A macular hole about half the optic disc diameter can be seen. The edges of the macular
hole are irregular. The upper posterior pole of the retina appears significantly whitened as a result of commotio retinae with mottled pigmentation visible
within. B: 10 minutes after simultaneous FA/IA angiography of the left eye: Tissue staining and mottled blockades of fluorescence is evident in the upper
posterior pole of the retina. C: IR + OCT vertical scan of the left eye: The upper retina, particularly the outer retinal layers, are significantly atrophic. There
is reactive proliferation of the RPE cells from the base of the macular hole to the area of retinal atrophy. D: IR + OCT vertical scan of the left eye: 3 months
after surgery. Best-corrected visual acuity has improved to 0.5. The macular hole has closed, but atrophy of the fovea is significant.

Image interpretation points

This is a case of traumatic macular hole secondary to com- in this case after spontaneous closure was not observed
motio retinae of the left eye caused by a football. While spon- 6 months after diagnosis. Retinal atrophy of the fovea and the
taneous closure is common, closure was achieved surgically area of the upper macula were significant.



Case 20 - Traumatic macular hole: A typical example

The ophthalmoscopic findings of lamellar macular holes and
macular pseudoholes (MPH) are similar, whereas the patho-
genesis and OCT findings differ. Lamellar macular holes can be
seen when the anterior wall of stage 1 macular holes comes off
or when macular holes close spontaneously. They are thought
to be a pathological condition on the same spectrum as idio-
pathic macular holes. On the other hand, MPH are similar to
epiretinal membranes (ERM) except the fovea centralis is
spared from thickening due to a hole opening in the posterior
vitreous cortex at the fovea centralis. These two diseases can
usually be differentiated by proper interpretation of OCT
images, however a definitive diagnosis is sometimes difficult
without observing the process by which macular PVD oc-

— Understanding the difference between lamellar macular holes and macular pseudoholes
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curred. The posterior vitreous cortex can remain during peri-
foveal PVD onset even in lamellar macular hole formation. Such
cases with lamellar macular hole can be accompanied by ERM
formation, leading to retinal thickening and folds. Importantly,
if significant thinning is seen in the outer nuclear layer of or near
the fovea centralis, it can be classified as a lamellar macular hole.
This is because thinning of or near the fovea centralis occurs
with centrifugal traction generated by perifoveal PVD. On the
other hand, such lesions rarely occur with centripetal traction by
ERM shrinkage, which is mainly associated with the pathological
condition of MPH. Thinning of the outer nuclear layer in or near
the fovea centralis in lamellar macular holes are sometimes pro-
gressive and can develop into full-thickness macular holes.

Lamellar macular hole Centrifugal forward traction

\/

e ey

P e e e
This posterior vitreous cortex and operculum
are out of the imaging range when PVD is

- There is no significant retinal thickening
- Thinning can often be seen in the outer

nuclear layer of the fovea centralis or the
parafovea where clefts are formed in the HFL

Clefts in the HFL

Pathology: Spontaneous separation of perifoveal PVD together
with anterior wall of the cystoid space in Stage 1 macular hole, or
spontaneous closure of Stage 3 and 4 macular holes
Typical OCT features [omega-shape [pumpkin-shape]

« No significant retinal thickening

« No folds can be seen in the inner retinal layers

- Clefts in the HFL are present

« Foveal or parafoveal thinning is evident

Macular pseudohole

Forward traction vector
causing thickening

Centripetal traction vector
causing folds

ERM with a hole
at the fovea
centralis

Centripetal forward traction

Folds of the inner retinal
layers

IS/0S

Thickening is seen mainly
in the inner retinal layers
outside the fovea centralis

RPE
The fovea centralis is not thickening or thinning

The foveal depression is V-shaped or U-shaped

Pathology: A ERM subtype
Typical OCT features
- Retinal thickening is seen outside the fovea centralis
- The fovea centralis is neither thickening or thinning and is
forming a V-shape or U-shape
- Folds are visible in the inner retinal layers

L.

B Fig. 2-11 Lamellar macular holes and MPHs
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Case 21 Lamellar macular hole: a typical example

A 53-year-old female, OS, BCVA 0.3

Clefts in the HFL

Clefts in the HFL

Clefts in the HFL

r "k} cosT
- 3 -

© Thinning of the outer
nuclear layer

A: Color fundus photograph in the left eye, B: Enlarged version of A [red dashed box]: No ERM or retinal folds are visible. C: Retinal thickness color map of
the left eye, D: IR + OCT horizontal scan of the left eye: w (omega)-shaped foveal deformation is evident. Clefts in the HFL and thin ERM («>) are evident but
little macular retinal thickening or retinal folds can be seen. E: IR + OCT vertical scan of the left eye + enlarged version [red dashed box]: Significant thin-
ning of the outer nuclear layer near the fovea centralis noted. Reflectivity of the IS/OS and COST is attenuated or disappearing. F: IR + OCT horizontal scan
of the left eye + enlarged version [red dashed box]: same findings as D

Image interpretation points

This is the case of a typical lamellar macular hole showing In this case, clefts in the HFL and ERM are visible only on OCT,
w-shaped foveal deformation. A lamellar macular hole is but without typical retinal thickening or folds seen with MPH. In
thought to be a subtype of an idiopathic macular hole where contrast, there are areas of outer nuclear layer thinning as seen
the perifoveal PVD has separated spontaneously from a in E, which can develop into a full-thickness macular hole.

stage 1 hole or when a macular hole has closed spontaneously.



Case 22 - Lamellar macular hole: Differentiation from a MPH
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Case 22 Lamellar macular hole: Differentiation from a MPH

A 55-year-old female, OS, BCVA 0.3

A: Color fundus photograph in the left eye, B: Enlarged version of A [red dashed box]: Retinal folds are visible, while membrane whitening is mild. C: Retinal
thickness color map of the left eye. D: IR + OCT horizontal scan of the left eye + enlarged version [red dashed box]: ERM (<) can be seen although retinal
thickening and retinal folds are mild. The pumpkin-shaped foveal deformation is seen, which is probably formed as a result of cleft formation in the HFL (%)
and inner layer protrusions due to the centripetal contraction of the ERM. The outer nuclear layer of the fovea centralis has thinned significantly. E: IR +

OCT vertical scan of the left eye: same findings as D

Image interpretation points

This case appears to have involved both centrifugal traction

by perifoveal PVD and centripetal traction by ERM as causes of
foveal deformation. Here, the pumpkin-shaped foveal cavity is
laterally wide. This is because this shape was formed a result of
cleft formation in the HFL. In contrast, MPH foveal depressions
tend to be laterally narrow.

In addition to the cleft formation, the parafoveal inner retinal lay-
er centrally protruded as a result of centripetal shrinkage of the
ERM may be responsible for the pumpkin-shaped foveal defor-

mation. Importantly, the foveal outer nuclear layer is diminished
to approximately a half of the inner and outer segment thickness.
This occurs due to a centrifugal tractional force generated by peri-
foveal PVD in macular hole formation, but never occurs as a result
of a centripetal tractional force by ERM in MPH.

In summary, the cleft in the HFL and diminished outer nuclear
layer is formed by the centrifugal traction by perifoveal PVD, and
the protrusion of the parafovea inner retinal layer by the centrip-
etal traction by ERM contraction.
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Macular microholes

Background

A macular microhole is a disease state without a well-established
definition. Currently, it is loosely defined as a class of disease with
areduction in reflectivity or defect within the IS/OS line on OCT
B-scan images. On funduscopic exam, 50-150 pm sharply de-
marcated reflections known as »red spots« are seen, while on
fluorescein angiography there are no RPE changes seen. On OCT,
foveal IS/OD disruption or outer retinal defects are found in or
near the fovea centralis. Although there are cases without subjec-
tive complaints, symptoms are usually associated with acute on-
set of central scotoma, mild decrease in visual acuity and meta-
morphopsia. Epidemiologically, macular microholes occur in
wide variety of patients ranging in age from their 20s to the el-
derly with no gender predilection. They are usually unilateral
with 80% of cases with vision over 0.5. Typically, the vision does

not worsen further and can improve as the IS/OS defects recov-
(4,5)
ertt?),

Pathogenesis and OCT findings

It is clear that macular microholes can be caused by the PVD
formation process as a result of centrifugal forward traction from
the posterior vitreous cortex on the fovea centralis. In these cases,
the perifoveal PVD spontaneously separates in a stage 1A macu-
lar hole. In 1/3 of the cases there is a macular PVD where the
posterior vitreous cortex and operculum can be observed on
OCT. When the PVD is complete, however, these are not seen in
the OCT imaging range and only a Weiss’ ring is seen with an
biomicroscopy. While PVD formation can explain macular mi-
croholes occuring in older patients, the etiology of macular mi-
croholes is unknown in young patients without a macular PVD.
Such cases need to be differentiated from trauma, solar retinopa-
thy, or central serous chorioretinopathy. Solar retinopathy,
caused by looking directly at the sun for example in observation
of solar eclipse, may be diagnosed based on history, RPE abnor-
malities, or moderate reflectivity of all retinal layers on OCT.
Central serous chorioretinopathy, on the other hand, can be dif-
ferentiated based on RPE and choroidal abnormalities.
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Case 23 - Macular microhole: with macular PVD

Case 23 Macular microhole: with macular PVD

A 72-year-old female, OS, BCVA 0.6

macular microhole

A: Color fundus photograph in the left eye, B: Enlarged version of A [red dashed box]: at initial diagnosis. Abnormal reflection known as a red spot can

be seen in the fovea centralis. C: IR + OCT horizontal scan of the left eye + enlarged version [red dashed box]: Macular PVD has occurred, and an operculum
(») attached to the posterior vitreous cortex (=) is noted. Disruption of the photoreceptor IS/OS and outer segment can be observed. This is essentially
the same as a small foveal detachment in a stage 1 macular hole. Abnormal high reflectivity can be seen in the foveal outer nuclear layer. This is thought to
be a remnant of the foveal deformation caused by perifoveal PVD traction that was likely present prior to initial diagnosis or of spontaneous macular hole
closure. The foveal depression is flattening (V-shaped). D: IR + OCT horizontal scan of the left eye + enlarged version [red dashed box]: 2 months after initial
diagnosis. The microhole hasdisappeared and the 1S/0OS, ELM and COST line group has been almost restored. The V-shaped foveal depression remains.

Image interpretation points

The pathological condition known as macular microholes PVD spontaneously separates and only a foveal photoreceptor
appears to be generated by, at least 2 different causes. A com-  IS/OS defect remains. In this case as seen with initial reports, the
mon finding of the disease group is a small foveal photorecep-  posterior vitreous cortex including an operculum is seen in front
tor IS/0OS defect or a defect of foveal inner and outer segments.  of the macula on OCT. In both this case and case 16, the poste-
A primary cause of this disease group is spontaneous separa- rior vitreous cortex including an operculum and foveal deforma-
tion of perifoveal PVD during the formation of a macular hole. tion including disruptions of the OS/OS and/or inner and outer
As seen in case 16 with a stage 1A macular hole, the perifoveal = segmentsare important diagnostic points.




58 Chapter 2 - Vitreoretinal interface pathology

Case 24 Macular microhole: with complete PVYD

A 59-year-old female, OD, BCVA 0.8

Abnormal reflectivity

A: Color fundus photograph in the right eye, B: Enlarged version of A [red dashed box]: at initial diagnosis. An abnormal reflection known as »red spots«
can be seen in the fovea centralis. C: IR + OCT horizontal scan of the right eye + enlarged version [red dashed box]: The posterior vitreous cortex cannot be
seen. Note the inner and outer segment defect at the fovea centralis. This is essentially the same as a small foveal detachment in a Stage 1 macular hole.
Abnormal high-reflectivity can also be seen in the foveal outer nuclear layer, which could be traces of deformation resulting from perifoveal PVD or of
spontaneous macular hole closure. The foveal depression is flattening. D: IR + OCT horizontal scan of the right eye + enlarged version [red dashed box]:

3 months after initial diagnosis. The microhole has disappeared and the I1S/OS, ELM and COST line group has been restored. The irregular foveal deforma-
tion and flattering of the foveal depression remains.

Image interpretation points

In this case, a macular microhole wes only seen in the right PVD is complete. In this case, evidence for macular microholes
eye. Here, macular microhole formation is thought to be the caused by spontaneous perifoveal PVD separation is supported
result of spontaneous perifoveal PVD separation; however, by the irregular deformation and flattening of the foveal depres-
unlike case 23, the posterior vitreous cortex cannot be seen sion, abnormal reflectivity of the foveal outer nuclear layer, and
on OCT making interpretation slightly difficult. Since a glial the spontaneous disappearance of the macular microhole.

ring were observed by biomicroscopy, we can determine that



Case 25 - Macular microhole: Case without PVD

Case 25 Macular microhole: Case without PVD

59

A 43-year-old female, OD, BCVA 1.0

IS/0S
COoSsT

A: Color fundus photograph in the right eye, B: Enlarged version of A [red dashed box]: at initial diagnosis. A abnormal reflection known as »red spots« can
be seen in the fovea centralis. C: IR + OCT horizontal scan of the right eye + enlarged version [red dashed box]: () shows the posterior vitreous cortex
detached outside and at the periphery of the macula. D: IR + OCT vertical scan of the right eye + enlarged version [red dashed box]: The IS/OS and COST

lines centralis are defective selectively at the fovea centralis.

Image interpretation points

This patient noticed decreased vision during a routine vision
testing for contact lenses. Macular microholes were seen in
both eyes. Since the PVD only occurred to the periphery of the
macula, the foveal disruption does not appear to be secondary

to tractional forces by the posterior vitreous cortex. After 3 years,
the visual acuity and OCT findings remained unchanged. The
pathogenesis of a macular microhole without macular PVD is
still unknown.
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2.2 Idiopathic epiretinal membrane
Background

ERM is a disease that a membrane visible with an ophthalmo-
scope is formed on the retinal surface of the macula, which causes
retinal folds and thickening resulting in visual impairment and
metamorphopsia. ERM occurs typically after PVD is complete.
Cases in which there is no primary pathology known to cause
ERMs are termed as idiopathic ERM. This is often seen unilater-
ally in the elderly and there is no gender predilection. In about
10% of idiopathic ERM cases macular PVD is not complete(!).
The membrane may appear clear, translucent, or white. The reti-
nal folds vary from mild radial folds to severe folds accompanied
by dislocation of the fovea. In severe cases, there is leakage
from retinal vessels and formation of cystoid spaces. Premacular
membranes resulting in eyes with retinal breaks, after retinal
detachment surgeries (known as macular pucker in this case) or
uveitis are known as secondary ERMs. Therefore, a detailed ex-
amination of the peripheral fundus is required.

Pathogenesis

Two hypotheses have been proposed for vitreoretinal interface
membrane formation based on surgically collected tissue and
histopathological findings of autopsied eyes. While different,
they are not necessarily conflicting hypotheses.

Residual posterior vitreous membrane scaffolding
theory (B Fig. 2-12)

Kishi et al. demonstrated that there are elliptical defects in the
posterior vitreous cortex after PVD is complete and the® vitre-
ous cortex remains on the macular surface®. Thus, the posterior
vitreous cortex can remain on the macular surface as a result of

Elliptical defect or the front layer of the posterior vitreous cortex
that has separated into two layers \

Residual posterior vitreous cortex margin

Glial ring

S

Cell migration
from the optic

Cell migration from the ILM
dehiscence site

disc

Growth towards the thick and
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RPE
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Mountain-shaped retinal thickening

B Fig. 2-12 Residual posterior vitreous membrane scaffolding theory

PVD. It is suggested that after the onset of PVD, cell proliferation
and migration occur, with the posterior vitreous cortex remain-
ing on the retinal surface as scaffolding. An extracellular matrix
containing collagen is produced by these cells, which leads to
membrane thickening. ERM is a disease that a membrane visible
with an ophthalmoscope is formed on the retinal surface of the
macula, which causes retinal folds and thickening resulting in
visual impairment and metamorphopsia. ERM occurs typically
after PVD is complete. Contraction of the fibrocellular mem-
brane causes the retinal folds®. Most idiopathic ERMs are
thought to occur as a result of this mechanism. The types of cells
involved include glial cells differentiated into myofibroblast-like
cells, vitreous cells, retinal pigment epithelium (RPE) cells, and
fibrous astrocytes®-12),

Migratory cell membrane formation theory (8 Fig. 2-13)

This theory postulates that when PVD stops around the fovea
and optic disc or along the retinal blood vessels where the pos-
terior vitreous cortex is attenuated and strongly adheres cell mi-
gration occurs through cracks in the internal limiting membrane
(ILM) formed at this time due to vitreous separation as well as
preexisting ILM dehiscences of the retina ans optic disc. This
process forms a fibrocellular membrane through cell-cell junc-
tions and extracellular matrix production®. ERM without PVD
and vitreomacular traction syndrome are thought to fall into this
category. Vitreomacular traction syndrome is often secondary to
other retinal diseases such as diabetic maculopathy where there
may be factors that strengthen vitreous traction. There are some
cases in which the membrane appears to have multiple layers;
this fibrocellular membrane may be the posterior vitreous cortex
separated into two layers, or a complex of the ILM and posterior
vitreous cortex.

PVD stops around the fovea and along the retinal blood vessels

Centrifugal forward
traction

Cell migration from the
ILM dehiscence site

Retinal blood vessels

¥ ERM with incomplete PVD
PVD stops around the fovea and along the retinal blood vessels
Cell migration from the ILM
dehiscence site
Centripetal traction

Retinal blood vessels
Increase in vitreous traction and ERM

contraction results in vitreomacular
traction syndrome
Centrifugal forward traction

Centripetal traction \ %"

g
Enhanced cell migration and
extracellular matrix for?iation,
forming highly contractile

ibrocellular membrane

Two membranes are
often seen beneath the
posterior vitreous cortex

Vitreomacular traction syndrome
Tent-shaped (trapezoidal) retinal thickening

B Fig. 2-13 Migratory cell membrane formation theory
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OCT findings
On OCT, an ERM is seen as a highly reflective thick membrane.
Folds are seen in the inner retinal layer beneath the membrane,
but no in the membrane itself. There are cases where a gap be-
tween ERM and retinal surface is weakly reflective; there are also
cases where the gap are filled with moderate reflectivity. The fi-
brous membrane that had been formed in a gap between ERM
and macular surface, is sometimes exposed and lifted towards the
vitreous cavity due to progressive contraction of the ERM. When
seen on a 9 mm scan, ERM is most often present in isolation on
the macular surface with no continuity from the posterior vitre-
ous cortex (B Fig. 2-12); however, in about 10% of cases, the PVD
is incomplete and a thick highly reflective ERM continuing from
the posterior vitreous cortex can be seen (8 Fig. 2-13). In addi-
tion, in cases of incomplete PVD a retinal surface ERM can
sometimes be seen beneath the detached posterior vitreous cor-
tex. In cases where the posterior vitreous cortex has been re-
moved during surgery, a ERM remains on the macular surface in
30% of cases despite no defects in the posterior vitreous cortex.
(13) To explain this phenomenon, the migratory cell membrane
formation theory postulates that an ERM forms in the gaps of the
posterior vitreous cortex and retina, and then the posterior vitre-
ous cortex becomes detached from the ERM, resulting in the
formation of 2 distinct membranes. Another theory postulates
that the posterior vitreous cortex separates into two layers allow-
ing the ERM to form with the posterior layer providing a scaffold
after the anterior layer has detached.(4 19,

Asaresult of contraction, ERMs transmit centripetal forward
traction toward the fovea centralis in the macular surface causing

Inner retinal folds

Foveal outer nuclear layer thickening Smallfoveal detachement

Forward traction vector causing thickening

Centripetal traction vector causing folds

I1S/0S
The outer nuclear layer of the RPE

fovea centralis is thickenin
9 The inner retinal layers outside the

fovea centralis are thickening

retinal fold formation and retinal thickening. Consequently,
ERM is characterized by a mountain-shaped retinal thickening,
forming a peak in the fovea centralis (B Figs. 2-12, 2-14)(19). The
centripetal traction vector in the retinal tangential direction
causes radial folds in the inner retina that can be seen with an
ophthalmoscope. In the fovea centralis, the forward traction vec-
tor mainly acts to thicken the outer nuclear layer, causing eleva-
tion of the IS/OS and a small foveal detachment. As a result, IS/
OS defects occur in 24~77% of cases!7-21). When observed with
an adaptive optics scanning laser ophthalmoscope (SLO), micro-
folds occur on the photoreceptor cell level, which is correlated
with metamorphopsia®?. On the other hand, thickening of the
parafovea occurs mainly in the inner retina, which has also been
claimed to correlate with metamorphopsia.?.

Macular pseudoholes

A macular pseudohole is a subtype of ERM, and hence forward
traction by the ERM does not work toward the fovea centralis.
This results in thickening of the macula with the fovea centralis
remaining unthickened (B Fig. 2-14). In contrast, in vitreomacular
traction syndrome, centrifugal forward traction occurs resulting
in a distinctive trapezoidal-shaped retinal thickening (B Fig. 2-13).

Prognosis

There are cases that do not necessarily lead to loss of visual acuity
even when an ERM is noted. In addition, cases where there is
progressive visual acuity loss during follow-up examinations
accounts for less than 10% of the total cases. ERM contraction is
thought to rapidly progress and then stop.

B
ERM Inner retinal folds
"‘-‘-._u_______ e

Forward traction vector causing thickening

Centripetal traction vector causing folds

ERM with a hole in its foveal
........ / part

1S/0S

RPE
The inner retinal layers outside
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O Fig. 2-14 Comparison between epiretinal membrane (A) and macular pseudoholes (B)
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Case 26 Idiopathic epiretinal membrane: A typical example

A 76-year-old male, OD, BCVA 0.6

A: Color fundus photograph in the right eye: Retinal wrinkling, mild membrane whitening and tortuosity of the retinal blood vessels are noted. B: Enlarged
version of A [red dashed box]: Same findings as A can be observed. C: Retinal thickness color map of the right eye, D: IR + OCT horizontal scan of the right
eye: ERM («>) and a small foveal detachment (=) can be seen. E: IR + OCT vertical scan of the right eye: Retinal folds are noticeable in the horizontal direc-
tion. A gap between ERM («>) and ILM appears to be vacant adherent only to the peaks of the folds. F: IR + OCT horizontal scan of right eye: 2 months after
surgery. Retinal thickening is reduced, but the foveal depression has not been restored. Best-corrected visual acuity has improved to 0.9

Image interpretation points

ERMs are thought to occur as a result of fibrocellular membrane
formation that develops when cells migrate to a gap in the re-
sidual posterior vitreous cortex and ILM in eyes with macular
PVD. The area in which an ERM is formed is narrower than the

9 mm OCT scan area in most cases and ERM stumps can be seen
in the images. Retinal thickening and retinal fold formation oc-

curs as a result of concentric contraction of the residual posterior
vitreous cortex. Retinal folds are noticeable on vertical scans that
intersect the retinal blood vessels because ERMs strongly adhere
to the blood vessels. The gap between ERM and ILM is fulfilled
with moderately reflective fibrocellular membraneous tissue in
some eyes while it appears to be vacant as seen in this case.
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Case 27 Idiopathic epiretinal membrane: Exposure of the fibrocellular membrane

A 58-year-old female, OS, BCVA 0.8

Exposure of the fibrocellular membrane

Moderate reflectivity in the gap
between the ERM and ILM

Columnar structure corresponding to Mdiller cells
(parallel alignment)

A: Left eye fundus photograph, B: Enlarged version of A [red dashed box]: Retinal folds, whitening and tortuosity of the retinal blood vessels can be viewed.
C: Retinal thickness color map of the left eye. D: IR + OCT horizontal scan of the left eye + enlarged version [red dashed box]: Exposure of flaccid swollen
fibrous tissue from ERM (<) stumps can be seen. This extends from the moderately reflective fibrous membrane that exists between the ERM and the ILM.
The IS/OS and COST lines of the fovea centralis are normal. E: IR + OCT oblique scan of the left eye: Same findings as D can be seen. Retinal folds are not
clearly seen. This is because the gap between the ERM and ILM is fulfilled with moderately reflective fibrocellular tissue, which is also responsible for the
whitening of the ERM on a color fundus photograph. <> shows ERM. F: IR + OCT horizontal scan of the left eye: Flaccid coil-shaped fibrous structures repre-
senting exposed fibrocellular membrane are clearly visible. Columnar structure running obliquely to the retina in parallel represents Muller cells in the ILM
detachment. These 2 structures can be differentiated based on the characteristic pattern.

Image interpretation points

Findings of fibrous, flaccid tissue rising towards the vitreous
cavity from ERM stumps is often seen. These findings are
consistent with thickened white areas when viewed with an
ophthalmoscope. In cases such as these, retinal folds exist

but become indistinct on OCT since the gap between the ERM

and ILM is fulfilled with the fibrous membrane that exhibits
moderate reflectivity. These features suggest extensive fibro-
plasia and cell migration towards the ERM and ILM gap leading
to substantial ERM contraction.
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Case 28 - Idiopathic epiretinal membrane: Membrane with significant whitening

Case 28 ldiopathic epiretinal membrane: Membrane with significant whitening

A 74-year-old female, OS, BCVA 0.4

Centripetal rippling folds extending to the outer plexiform layer

e

Retinal folds masked by moderately reflective fibrocellular tissue between the ERM-ILM gap

Columnar structures representing Muller cells in the split retinal nerve fiber layer

A: Color fundus photograph in the left eye, B: Enlarged version of A [red dashed box]: at initial diagnosis. Significant macular whitening accompanies radial
retinal folds. C: Retinal thickness color map of the left eye: Significant thickening can be seen. D: IR + OCT horizontal scan of the left eye: The rippling folds
extending to the outer nuclear layer indicate strong centripetal forward tractional force. The fovea centralis shows thickening of the outer nuclear layer,
while the parafoveal retina shows thickening of the inner retinal layers. <> shows ERM. E: IR + OCT vertical scan of the left eye: Retinal folds that can be
readily seen in the fundus photograph are indistinct. Fibrocellular membrane tissue filling the ERM and ILM gap may be responsible for the unclear visibili-
ty of retinal folds, and also for the membrane whitening. <> shows ERM. F: IR + OCT vertical scan of the left eye: ILM detachment or splitting of the retinal
nerve fiber layer can be seen. A columnar structure thought to be Miiller cells can be seen in the separation gap.

Image interpretation points

This is a case where retinal whitening and contraction are strength of the traction. Ripples and the columnar structure cor-
significant. The gap between the highly reflective ERM and ILM  responding to Miiller cells in the retinal nerve fiber layer separa-
has been completely filled with moderately reflective fibro- tion gaps show the centripetal forward traction. The end of
cellular membrane tissue, which is thought to be why mem- the ERM is visible and the fibrous membrane exposed outside
brane whitening is exhibited on a color fundus photograph. can sometimes be seen. This can be interpreted as findings

Significant thickening, ripples in the outer plexiform layer, and which demonstrate that concentric contraction has progressed.
separation of the retinal nerve fiber layer demonstrate the
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Case 29 Idiopathic epiretinal membrane: Significant columnar structure formation

A 58-year-old female, OS, BCVA 0.3

Retinal nerve fiber layer separation

A: Color fundus photograph in the left eye, B: Enlarged version of A [red dashed box]: Substantial macular whitening accompanies radial retinal folds.

C: Retinal thickness color map of the left eye. D: IR + OCT horizontal scan of the left eye: The ERM («>) contracts and the fibrocellular membrane (=)
formed in the ERM and ILM gap, is exposed and becomes flaccid. The retinal nerve fiber layer is splitting and a columnar structure corresponding to Muller
cells is seen in the gap. E: IR + OCT vertical scan of left eye: Exposure of the fibrocellular membrane (=) can be seen. A columnar structure (red dashed cir-
cle) corresponding to Miiller cells in the separation gap of the ILM detachment can be seen. The orientation of the columnar structure appears to show the
direction of the traction. <> shows ERM. F: IR + OCT vertical scan of the left eye: A fibrocellular membrane tissue that formed between the ERM and the ILM
has detached from the macular surface and has become flaccid

Image interpretation points

This is a case where whitening and contraction of ERM are detached ILM shows centripetal traction. The end of the ERM is
substantial. Significant thickening, ripples in the inner layers, visible and the fibrocellular membrane exposed can sometimes be
and separation of the retinal nerve fiber layer demonstrate the seen. This can be interpreted as findings that also demonstrate
strength of the traction. The orientation of the columnar struc- that concentric contraction has progressed.

ture in the retinal nerve fiber layer splitting gap and beneath the
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Case 30 Idiopathic epiretinal membrane: Case (1) where macular PVD has not been complete

A 66-year-old female, OD, BCVA 0.7

A: Color fundus photograph in the right eye, B: Enlarged version of A [red dashed box]: Membrane whitening and radial retinal folds can be seen. C: Retinal
thickness color map of the right eye: Thickening is not very significant. D: IR + OCT horizontal scan of the right eye: The macular PVD stops at the periphery
of the macula and the posterior vitreous cortex adherent to the macula has developed into the ERM «>. Compared to the detached posterior vitreous cor-
tex (=), the ERM is highly reflective and linear. Contraction of ERM leads to formation of retinal folds and a small foveal detachment (»). E: IR + OCT verti-
cal scan of the right eye: PVD appears to have stopped in the retinal blood vessel area (). = indicates the posterior vitreous cortex

Image interpretation points

This is a case where macular PVD is incomplete and has
stopped at the retinal blood vessel of the macula. Cell migra-
tion occurred from cracks in the ILM along the retinal blood
vessels. A fibrovascular membrane has formed in the gap be-
tween the attached posterior vitreous cortex and ILM, which

is thought to develop into an ERM. Contraction occurs in the
ERM development process, generating centripetal forward
traction. This is similar to the pathogenic mechanism of vitreo-

macular traction syndrome in the disease processes include
both centripetal and centrifugal traction, but the morphological
changes that occur in the retina are a little different. Vitreo-
macular traction syndrome is trapezoidal-shaped thickening
due to strong centrifugal forward traction, whereas in this case
foveal thickening and retinal folds due to centripetal forward
traction is primary. However, both diseases conditions may be
on the same spectrum.
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Case 31 Idiopathic epiretinal membrane: Case (2) where macular PVD has been complete

Left eye of a 74-year-old female with vision corrected to 0.8

A: Color fundus photograph in the left eye, B: Enlarged version of A [red dashed box]: Whitening and tortuosity of the retinal blood vessels can be seen.

C: Retinal thickness color map of the left eye. D: IR + OCT horizontal scan of the left eye: Macular PVD is stopping at the foveal border (=>). This state is
known as perifoveal PVD. ERM («>) is formed even in the area where PVD has progressed. E: IR + OCT vertical scan of the left eye: Retinal folds are noticeable
in the horizontal direction. <> shows ERM. F: IR + OCT horizontal scan of left eye: 2 months after surgery. Retinal thickening has decreased. Thinning of the
temporal retina that occurs when the ILM has detached cannot be seen. Thus, it is very likely that the retinal surface membrane is not the ILM, but the ERM.

Image interpretation points

In this case, the posterior vitreous cortex and ERM can be seen posterior vitreous cortex and ILM. In this case, the posterior vitreous
at the same time part way through the PVD process. An ERM is cortex in the macula separated into two layers and PVD only of the
thought to be formed as a result of fibrocellular membrane for- inner layer progressed and then stopped at the parafovea. ERM

mation that occurs when cells migrate to a gap in the residual appears to be formed with the posterior layer acting as a scaffold.



69
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Case 32 Epiretinal membrane secondary to retinal hemangioma

A 53-year-old female, OS, BCVA 0.6

Thick ERM

A: Color fundus photograph in the left eye: Thick, yellowish-white ERM is noticeable over a wide area of posterior pole. B: Left eye panoramic fundus photo-
graph in the left eye: Hemangioma of the retina can be seen infero temporally. C: Panoramic fluorescein angiography (FA) in the left eye: Significant leakage
from hemangioma of the retina and an avascular region in the periphery can be observed. D: IR + OCT horizontal scan of the left eye: Seemingly thick »rigid«
ERM can be seen. Retinal thickening is mild. Retinal schisis (red dashed circle) secondary to the traction toward the retinal blood vessel can be observed su-
periorly. Proliferative membrane tissue rising towards the vitreous cavity is noted (). E: IR + OCT vertical scan of the left eye: Irregular retinal folds (=>) can
be seen above the macula. F: IR + OCT horizontal scan of the left eye: Proliferative membrane tissue rising towards the vitreous cavity is noticeable (=>). Reti-
nal schisis (red dashed circle) can be observed temporally.

Image interpretation points

This is a case of an ERM thought to be secondary to retinal hem- an idiopathic ERM, the thickness of the membrane to be more
angioma. ERM occurs frequently secondary to fundus diseases significant, and increased retinal traction. Significant membrane
such as retinal tears, retinal vascular diseases and uveitis. In this thickening, irregularities in the retinal folds and retinoschisis for-

type of ERM, there is a tendency for the area to be wider than mation in the outer plexiform layer are also noticeable in this case.
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Case 33 Macular pseudohole: A typical example

A 73-year-old female, OD, BCVA 0.7

A: Color fundus photograph in the right, B: Enlarged version of A [red dashed box]: Significant whitening can be seen in the inferior macula. C: Retinal
thickness color map of the right eye. D: IR + OCT horizontal scan of the right eye, E: IR + OCT vertical scan of the right eye: ERM («<») cannot be seen in the
fovea centralis, and a V-shaped foveal depression can be seen. Excluding the foveal shape, this is no different than a typical ERM OCT image. F: Enlarged
version of E [red dashed box]: ERM stumps can be clearly seen (=)

Image interpretation points

An ERM develops as a membrane characterized by concentric
contraction. The posterior vitreous cortex that remains on the
macular surface after PVD onset becomes scaffolding along
which cell migration and fibrous membrane formation occur.
Macular pseudoholes (MPH) occur as a result of the same
pathogenic mechanism as ERM; however, with MPH, a hole is
formed at the foveal area of the residual posterior vitreous cor-

tex. In other words, the foveal thickening characteristic to ERM is
missing. In addition, macular pseudohoes can be distinguished
from lamellar macular holes by retinal findings, i.e. retinal folds,
and retinal thickening outside the fovea centralis as a result of
concentric contraction of ERM. Nevertheless, ERM can also form
after lamellar circular hole formation sometimes making it diffi-
cult to differentiate the two entities.
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Case 34 Macular pseudohole: Case where macular PVD has not been complete

A 56-year-old male, OD, BCVA 1.5

gigi

?

Posterior vitreous cortex defect

A: Color fundus photograph in the right eye, B: Enlarged version of A [red dashed box]: Whitening and radial retinal folds can be seen. C: Retinal thickness
color map of the right eye. D: IR + OCT horizontal scan of the right eye: Thick ERM <> is noted. ERM cannot be seen over the fovea centralis. ERM is formed
along the posterior vitreous cortex (=*). The foveal depression is V-shaped. E: IR + OCT horizontal scan of the right eye: ERM scan. ERM («>), continuing
from the posterior vitreous cortex (=), can be observed. A posterior vitreous cortex defect are visible on the supero nasal ERM

Image interpretation points

This is a case of macular pseudohole where ERM is formed
when the PVD has stopped in the periphery of the macula.
PVD often stops along the retinal blood vessels to which the
posterior vitreous cortex is firmly adherent , and thereby the
dehiscence of the ILM occurs duo the traction of the detached
posterior vitreous cortex toward the ILM. Cell migration often
occurs through the ILM dehiscence into the gap between the
posterior vitreous cortex and ILM and produces fibrocellular
membrane, thus forming the ERM.

ILM dehiscence along the retinal blood vessels contraction
occurs in this formation process resulting in centripetal for-
ward traction similar to the pathogenic mechanism of vitreo-
macular traction syndrome. However, whereas centrifugal

forward traction is primary in vitreomacular traction syndrome,
causing macular trapezoidal-shaped thicknening, in this case,
centripetal forward traction is primary, leading to mountain-
shaped retinal thickening and fold formation in the macula. The
fovea centralis exhibits a V-shaped or U-shaped depression.
Despite the macular PVD being incomplete, the reason for the
defect formation foveal posterior vitreous cortex defects over
the fovea centralis is not known. Posterior vitreous cortex de-
fects may occur as a result of ERM contraction, or may develop
with extensive separation of the posterior vitreous cortex into
two layers. In the latter hypothesis, the posterior layer is clipped
out over the fovea centralis and taken away adherent to the
detached anterior layer.
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23  Vitreomacular traction syndrome

Background

Vitreomacular traction syndrome is like a stage 1 macular hole
or an epiretinal membrane with incomplete macular PVD in
that it occurs in conditions where the perifoveal detachment of
the posterior vitreous cortex with persistent adherence of the
vitreous to the fovea or retinal surface of the macula. However,
the attachment to the retinal surface in this disease state is often
more broad or occurs in multiple areas. Strong centrifugal for-
ward traction is applied to the macula so that the macular area is
raised into a tent shape (trapezoid) and the retina thickens. Cys-
toid space formation and fovea or macular detachment often ac-
company this disease. In 11% of cases, PVD occurs during fol-
low-up and cystoid spaces decrease(V). There is both a focal- and
wide- adhesion type vitreomacular traction syndrome where the
focal type has a vitreomacular adhesion within a central macula
region with physiological strong attachment between posterior
vitreous body and macular surface that was reprorted by Kishi et
al. and Spaide et al. as a cause of vitreofoveal traction in the de-
velopment of a macular hole>® while the broad type over a
wider area®. Vitreomacular traction syndrome often accompa-
nies other eye diseases such as diabetic maculopathy, severe
myopia, and uveitis. Abnormal vitreoretinal interface adhesion
and degeneration of vitreous gel due to inflammation may be
involved in the pathogenic processes of this disease. ERM cases
without a PVD sometimes progress to vitreomacular traction
syndrome. The pathogenesis of vitreomacular traction syndrome
can be explained by the migratory cell membrane formation
theory described for ERM pathogenesis earlier in this chapter.
Based on this theory, the PVD stops at the strongly adhesive
retinal blood vessels, fovea and optic disc with cells then migrat-
ing from cracks in the ILM and to gaps in the posterior vitreous
cortex and ILM. As a result of extracellular matrix production,
these migrating cells form a fibrocellular membrane which ad-
heres to the posterior vitreous cortex and macular surface.”) (see
page 60, B Fig. 2-13).

Thus, vitreomacular traction syndrome and ERM without
complete macular PVD appear to have pathogenic mechanisms
on the same spectrum with some different conditions. ERM may
be a condition where fibrocellular membrane formation occurs
primarily beneath the posterior vitreous cortex attached to the
macular surface, thus leading to macular thickening and fold
formation through centropetal forward traction generated by
membrane contraction®. In contrast, vitreomacular traction
syndrome may be a condition where fibrocellular membrane
formation occurs beneath both attached and detached posterior
vitreous cortex, thus leading to a tent-shaped elevation of the
macula through centrifugal forward traction generated by the
detached posterior vitreous cortex(®.

Vitreomacular traction syndrome often accompanies ERM.
In these cases, the posterior vitreous cortex is presumed to sepa-
rate in eyes with vitreomacular traction syndromeinto two layers
where the anterior layer detaches from the retina and the poste-
rior layer remains on the retina and becomes the origin of the
ERM @. In histopathological observations of surgical samples
and autopsied eyes, cells mainly comprising fibrous astrocytes

and myofibroblasts, which were reportedly found in eyes with
ERM and an extracellular matrix primarily made of collagen
were found to be present in fibrocellular membrane in eyes with
vitreomacular traction syndrome, supporting the speculation
that these 2 diseases have common pathogenic conditions.(¢-).
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Case 35 Vitreomacular traction syndrome: Case showing disease development

Right eye of a 74-year-old male with vision corrected to 0.8

e

Posterior vitreous cortex separation

Retinal folds Small foveal detachment

A: IR + OCT horizontal scan of the right eye, B: IR + OCT horizontal scan of the right eye: at initial diagnosis. Macular PVD is in progress. Adhesion of the
posterior vitreous cortex (=) remains in the optic disc, fovea centralis and the temporal macula. C: IR + OCT horizontal scan of the right eye + enlarged
version [red dashed box]: 1 year after initial diagnosis. Best corrected visual acuity is 0.7. Macular PVD is not progressing; however, there is separation of
the posterior vitreous cortex, an increase in the tension of the detached anterior layer of the posterior vitreous cortex (=) and contraction of the posterior
vitreous cortex adhered to the macular surface seen. Mild retinal thickening, retinal folds and foveal detachment are all seen. It is unknown whether the
membrane of the posterior part is the ILM or the result of the separation of the posterior vitreous cortex into two layers, but the third membrane beneath
these 2 membranes that appears afterwards suggests that these membranes are anterior and posterior layers separated posterior vitreous cortex. The
anterior layer of the posterior vitreous cortex is causing centrifugal forward traction.

(Continues on the following page)
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Case 35 Continuation

Adhesion to the fovea centralis

W

4

Adhesion to the retinal blood vessels

Optically virtual image of hte trembling posterior vitreous
cortex (multiple virtual membranes are seen due to
multiple B-scan averaging)

Adhesion to the retinal blood vessels

Third membrane

D: Color fundus photograph in the right eye: 2 years after initial diagnosis. Visual acuity reduced to 0.3. E: IR + OCT horizontal scan of the right eye, F: IR + OCT
vertical scan of the right eye, G: IR + OCT horizontal scan of the right eye: Traction of the posterior vitreous cortex that has separated into two layers is increas-
ing and macular area thickening is worsening. The posterior vitreous cortex (=) is strongly adherent to the retinal blood vessels and fovea centralis and its
anterior layer is applying strong centrifugal forward traction. Cystoid spaces are formed in the macula. G shows the optically virtual image of the thickened
anterior layer of the posterior vitreous cortex reflected in multiple layers as an averaging artifact, which indicates that the membrane is intensely shook by eye
movement. Another membrane is seen below the posterior vitreous membrane that has separated into two layers is noticeable on the retinal surface.

Image interpretation points

Cell migration and fibrocellular membrane formation resulting
in strong adhesion occur on the posterior vitreous cortex and
in the gap between the posterior vitreous cortex and ILM gaps
while macular PVD in stopped around the fovea and along the
strongly adherent retinal blood vessels. In this disease, centri-
fugal forward traction due to the detached posterior vitreous
cortex with persistent adhesion to the fovea and blood vessels
is superior to centripetal forward traction by the contraction

of the ERM, thus causing the macula to thicken into a tent-
shaped (trapezoid). With eye movements, the posterior vitreous
cortex demonstrates significant trembling, which could enhance
cell migration. In vitreomacular traction syndrome, multiple
membranes are seen on OCT. In this case, it is likely that there

is initially separation of the posterior vitreous membrane into
two layers followed by ILM detachment as the traction worsens.
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Case 36 Vitreomacular traction syndrome: Case with macular detachment

A 75-year-old female, OD, BCVA 0.3

Optically virtual image of the trembling posterior vitreous cortex

Macular detachment

e ————————————
Retinoschisis in the outer plexiform layer /

A: Color fundus photograph in the right eye: Whitening in the macula is apparent. B: IR + OCT horizontal scan of the right eye: The posterior vitreous
cortex (=) is thick and linear, adherent to a wide area of the macula. The retina in the macula is highly elevated to form macular detachment. The optically
virtual image of the thickened posterior vitreous cortex is reflected in multiple layers as an averaging artifact and the membrane can be seen trembling
significantly with eye movements. In addition, retinoschisis and a columnar structure thought to be Mdiller cells can be seen in the outer plexiform layer,
inner nuclear layer and retinal nerve fiber layer.

Image interpretation points

This individual became aware of blurred vision one month prior  fibrocellular membrane formation appears to have made the
to presentation. The posterior vitreous cortex has thickened posterior vitreous cortex thickened and hard. The presence of
and adhered to the wide area of the macula. Progression of macular detachment is suggestive of strong forward traction.
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Case 37 Vitreomacular traction syndrome: A highly myopic eye with foveoschisis

A 71-year-old female, OS, BCVA 0.5

e
B 8 & 8 B 8 8

Optically virtual image of the trembling posterior vitreous cortex

Retinal separation
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A: Color fundus photograph in the left eye: A tessellated fundus is seen. B: Retinal thickness color map of the left eye, C: IR + OCT horizontal scan of the
left eye: The posterior vitreous cortex (=>) is adhered to the surface of the fovea. The fovea is highly elevated by the centrifugal forward traction, and large
foveal cystoid space and retinoschisis in the outer plexiform layer are seen. The optically virtual image of the thickened posterior vitreous cortex is re-
flected in multiple layers as an averaging artifact, and the membrane can be seen trembling significantly with eye movements. Highly myopic eyes are
susceptible to retinoschisis formation when such forward traction works on the fovea.. D: IR + OCT vertical scan of the left eye: A slight detachment of a
thin membrane on the retinal surface in the inferior macula is visible (=>).

Image interpretation points

Vitreomacular traction syndrome tends to occur in severely are characteristics of vitreomacular traction syndrome. Vitreo-
myopic eyes. Adhesion of the posterior vitreous cortex to the macular traction is one of the causes for developing myopic
surface of the fovea and tent-shaped thickening of the retina foveoschisis.
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3.1 Diabetic retinopathy

3.1.1 Background

Pathological conditions that cause visual
impairment

Clinically significant pathological conditions that cause visual
impairment are (1) diabetic macular edema, and (2) proliferative
diabetic retinopathy. Although not as frequent, (3) ischemic mac-
ulopathy is also a significant cause of severe visual impairment.

Retinal capillary bed

The retinal capillary perifoveal capillary bed forms 4 layers be-
tween the retinal nerve fiber layer and inner nuclear layer. It is
located at specific retinal layer boundaries, such as the external
margin of the inner nuclear layer, the external margin of the gan-
glion cell layer, the inner margin of the inner nuclear layer, and
the ganglion cell layer to the retinal nerve fiber layer (listed from
the major network)("">. The dilated capillaries in eyes with
diabetic retinopathy can be easily seen as highly reflective spots
on OCT, therefore easily recognizing the depth of the capillary
bed (B Fig. 3-1). The perifoveal capillary bed only exists as one
layer on the external margin of the ganglion cell layer™. There
are no retinal blood vessels in the central part of the fovea,
0.5 mm wide in diameter, and it is known as the foveal avascular
zone (FAZ).

Retinal capillary lesions in the early
nonproliferative stage

Early changes in diabetic retinopathy occur in the retinal capil-
laries. Loss of capillary pericytes, microaneurysm (MA) forma-
tion and loss of endothelial cells, inversely endothelial cell

aggregation, and thickening of the capillary basement membrane
have been reported®>. Retinal MAs are the earliest changes that
can be observed by ophthalmoscopy. More MAs indicate more
severe retinopathy/maculopathy(®, and an increase in the num-
ber of MAs(”) suggest worsening of retinopathy/maculopathy ).
Hyperpermeability occurs as a result of lesions in these capil-
laries, causing macular edema and hard exudate formation.

Retinal capillary lesions in the advanced
nonproliferative stage

An exacerbation of hyperpermeability and capillary nonperfusion
occur as retinopathy progresses. Arterioles become occluded and
accumulated MAs and tortuous capillaries, which are known as
intraretinal microvascular abnormalities (IRMAs) is seen in the
vicinity. When capillary occlusion sites dilate, venous beading,
venous tortuosity, flame-shaped hemorrhages (surface hemor-
rhages), and dot and blot hemorrhages (deep hemorrhages) in-
crease. The IRMAs indicates initiation of the proliferative phase
(preproliferative diabetic retinopathy).

Diabetic macular edema
Described in detail in the next page.

Soft exudate (cotton-wool spots)

Soft exudates is a common finding that can be seen not only in
diabetic retinopathy but also in retinal vein occlusions, hyperten-
sive retinopathy and HIV retinopathy; with the presence of mul-
tiple soft exudates suggesting the presence of an acute nonperfu-
sion area formation or a wide area of nonperfusion. On OCT they
can be seen as highly reflective localized thickening in the retinal
nerve fiber layer (8 Fig. 3-2). Highly reflectivity remains due to
gliosis after the disappearance of the soft exudates®.

O Fig. 3-1 The retinal capillary network in an OCT B-scan (case of early diabetic retinopathy)

Capillary vessels are depicted as highly reflective dots

DO Fig. 3-2 OCT B-scan image of soft exudates

It can be seen as highly reflective localized thickening (—) of the retinal nerve fiber layer
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3.2 Diabetic macular edema

3.2.1 Background

Classification of retinal edema

Retinal edema is divided into macular edema and retinal nerve
fiber layer (RNFL) edema. The former is extracellular tissue
swelling due to leakage from capillaries and microaneurysms
(MAs). The latter is thickening due to an increase in intracellular
volume caused by a shortage in arterial blood supply, which typ-
ically occurs in soft exudate formation.

Leakage mechanism

Diabetic macular edema occurs regardless of the presence of
proliferative diabetic retinopathy and is a pathological condition
that destroys the foveal photoreceptors leading to permanent vi-
sual impairment. It is further divided into both focal edema and
diffuse edema, based on differences in the leakage mechanism.
Focal edema occurs as a result of leakage from accumulated
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MAs and dilated capillaries and is often surrounded by circinate
exudates. Diffuse edema occurs as a result of hyperpermeability
of retinal capillaries in the macula.

Macular edema patterns and retinal thickness

Otani et al. classified diabetic macular edema patterns that can
be seen with OCT-2000 into sponge-like retinal swelling, cystoid
macular edema, and serous retinal detachment (8 Fig. 3-3); and
stated that visual acuity was most correlated with macular retinal
thickness regardless of the type of pattern,

Macular exudative changes

In 15-26% of the cases that develop cystoid macular edema,
repeated foveal detachment occurs due to the leakage into
the subretinal space® !V, Lipid accumulation mainly occurs
from the outer plexiform layer to subretinal space, and leads
to formation of intraretinal and subretinal hard exudates(?).
Serum lipid levels are a risk factor in hard exudate forma-
tion.(13-19)

B Fig. 3-3 Patterns of diabetic macular edema seen with a time-domain OCT image
A: Sponge-like retinal swelling, B: Cystoid macular edema, C: Serous retinal detachment.
(Modified according to Otani T, et al. Patterns of diabetic macular edema with optical coherence tomography. Am J Ophthalmol. 1999; 127: 688-693)
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3.2.2 SD-OCT findings

Typical locations for cystoid spaces

Individual cystoid spaces can be seen with spectral-domain OCT
(SD-OCT). Cystoid spaces are frequently found in the fovea cen-
tralis, parafovea, outer plexiform layer, and inner nuclear layer,
and each have their own shape1°-®) (B Fig. 3-4). Diabetic macu-
lar edema are sometimes accompanied by foveal detachment
(B Fig. 3-4). Among cystoid spaces, cystoid spaces in the outer
plexiform layer, the fovea and parafovea, and foveal detachment
are most influential in macular thickening. A variety of, some-

A Foveal cystoid space "

Parafoveal cystoid space
Inner nuclear layer
cystoid space

Foveal cystoid space

(o] Inner nuclear layer
cystoid space

Parafoveal cystoid space

Foveal detachment

B Fig. 3-4 Typical locations for cystoid spaces
A: Schema that shows the typical locations for cystoid spaces in diabetic macular edema, B: Light microscopic view of diabetic macular edema,
C, D: SD-OCT images of diabetic macular edema.
(B is modified according to Gass JD, et al. Cystoid macular edema and papilledema following cataract extraction. A fluorescein fundoscopic and angio-
graphic study. Arch Ophthalmol. 1966; 76: 646-661)

Foveal detachment Outer plexiform layer cystoid space RPE i -

D Inner nuclear layer cystoid space

SN -

Outer plexiform layer cystoid space

Indistinct cystoid space due
to moderate intracavity reflectivity

times complicated, lesions of diabetic macular edema are formed
depending on leakage sites, leakage pressure, and properties of
leaking serous fluid.

Cystoid spaces and intracavity reflectivity

SD-OCT has led to the understanding that the reflectivity inten-
sity of cystoid spaces varies from weakly reflective to moderately
reflective (@ Fig. 3-5). This is thought to reflect the different
properties of accumulating exudates in the cystoid spaces. Some-
times hemorrhages accumulate in the cystoid spaces, which then
becomes highly reflective and shows niveau formation.

Foveal detachment

- - - e - -

Outer plexiform layer cystoid space

Moderately reflective foveal cystoid space

Distinct cystoid spaces due
to weak intracavity reflectivity

B Fig. 3-5 The reflectivity intensity and accumulated fluid properties in cystoid spaces
A: »Serous exudate within thin-wall cystoid spaces« that can be seen in a tissue samples, B: The appearance of cystoid spaces that differs with intracavity

reflectivity in OCT

(A is modified according to Tso MO. Pathological study of cystoid macular edema. Trans Ophthalmol Soc UK. 1980; 100: 408-413)
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The appearance of cystoid spaces in the outer it difficult to see cystoid spaces clearly (B Fig. 3-5-3-7). Thicken-
plexiform layer ing of the retinal nerve fiber layer can often block the OCT mea-
When observed with SD-OCT, we can see that outer plexiform surement beam, making it difficult to observe the structures in-
layer edema is basically comprised of cystoid spaces. When the cluding cystoid spaces below the retinal nerve fiber layer. We can
intracavity reflections of cystoid spaces are moderate they cannot ~ figure out if it is cystoid edema through comparisons with later-
be distinguished from the septum of the cystoid spaces, making phase FA.

el e ¥
= o e e

O Fig. 3-6 Case of outer plexiform layer edema
The outer plexiform layer edema appears diffuse at first glance, but hyperreflective foci, accumulating in the internal walls of cystoid spaces, highlight the
outline of the cystoid spaces. Cystoid macular edema is clear in FA.

Cystoid spaces with borders becoming distinct due to increasing reflectivity and intracavity hemorrhaging

@O Fig. 3-7 Case of outer plexiform layer edema
The borders of the cystoid spaces are blurring when the lumen is moderately reflective, but the hemorrhages filled in some of the cystoid spaces highlight
the outline of the cystoid spaces.
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Hyperreflective foci

Bolz et al. reported that it is possible to see multiple highly reflec-
tive spots, which they termed as hyperreflective foci, through
SD-OCT with speckle noise removed!?). Hyperreflective foci
cannot be seen with an ophthalmoscope fundus photography, or
infrared imaging and are findings that cannot be clearly depicted
by single-scan SD-OCT. They are smaller than the hard exudates
that can be seen in fundus photography. There are distinguishing
characteristics in the favorite accumulation locations and distri-
bution patterns of hyperreflective foci, which most significantly
occur in areas of outer plexiform layer edema. The foci arrange
themselves in a line along cystoid space cavity walls, MA walls,
the anterior border of the external limiting membrane (ELM),
the posterior border of the photoreceptor inner segment in the
foveal detachment area, and the anterior border of the retinal
pigment epithelium (RPE) (B Fig. 3-8).1'” Since the retinal capil-
laries can also be seen as moderately reflective dots, differentia-
tion between hyperreflective foci and retinal capillaries is neces-
sary. It is particularly misleading if there is dilation of capillaries.
However, retinal capillaries are present only in the inner nuclear
layer or layers interior to it, and show weaker reflectivity than
hyperreflective foci. (B Fig. 3-1). Hyperreflective foci are thought

Microaneurysm

D Fig. 3-8 Typical localization of hyperreflective foci

Foveal cystoid space

to be leaked lipoproteins and a precursor to hard exudates®.
When macular edema is ameliorated by grid photocoagulation,
the hyperreflective foci gather and coalesce, and become a hard
exudate that can be seen with an ophthalmoscope®?. There is no
anatomical barrier to fluid movement within the retina, but the
external limiting membrane (ELM) is comprised of the zonula
adherens between Miiller cells and photoreceptors at the base of
the outer segments, and thus had very narrow gaps, which limit
particularly the movement of large molecules.?!). Hyperreflec-
tive foci cannot pass through the gaps in the ELM since they are
large molecules and thereby are filtered by the ELM to align
along the ELM@?. When vascular leakage is excessive and the
internal pressure of the cystoid spaces increases, the structure of
the ELM likely rupture to permit hyperreflective foci to leak
below the retina. The hyperreflective foci that are leaked below
the retina either become trapped along the posterior margin of
the inner segment or accumulate on the surface of the RPE.
When foveal detachment disappears as a result of vitreous sur-
gery, grid photocoagulation, or a natural process, it can accumu-
late to become thick hard exudate beneath the fovea, causing
visual acuity loss1222),

Dilated capillaries

Hyperreflective foci are typically found in and around outer plexiform layer edema. They are present arranged in lines along the walls of cystoid spaces, the
walls of MAs, the anterior border of the ELM, the posterior margin of the photoreceptor inner segment, and the surface of the RPE
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Retinal microaneurysms

Retinal microaneurysm (MA) can be seen from an early stage
of diabetic retinopathy and are closely related to the disease
progress~7). The sizes of MAs in humans are quite variable, with
15-55 um (vascular casting method)?® and 14-136 um (whole-
mount immunostaining method)?¥ MAs in diameter being re-
ported. In histological observations, various types of MAs can be
seen including those filled with multiple leukocytes or erythro-
cytes; those with various endothelium conditions, such as con-
tinuous, hypercellular, multi-layered, and defective cells; those
with a thin wall or varyingly thickened and sclerotic due to hya-
line degeneration, fibrosis and degenerative lipid deposits® >25).
The majority of MAs occur from the deeper capillary bed of the
inner nuclear layer> 29, and some can be observed extending to
the outer nuclear layer>. MAs that extend to this depth may be
involved in the edema formation in the outer plexiform layer.
Utilizing SD-OCT with speckle noise removed, the depth and
properties of MAs can be observed?®. When observed with this
method, MAs are circular or elliptical with a mean diameter of
118.3/111.6 um (horizontal diameter/vertical diameter), ranging
from 49.0 to 233.7 um.?® The spatial relationship with cystoid
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spaces includes isolated MAs (8 Fig. 3-9A-E), MAs in contact
with or adjacent to cystoid spaces (B Fig. 3-9F), and MAs that can
be seen inside cystoid spaces (8 Fig. 3-9C). The wall types of MAs
include those where highly reflective rings can be seen around
the entire circumference (8 Fig. 3-9E), those where highly reflec-
tive rings can be partially seen (B Fig. 3-9F), and those where
highly reflective rings cannot be seen (8 Fig. 3-9G). The MAs
without the ring-shaped high reflectivity were more frequently
associated with cystoid spaces than those with circumferential
high reflectivity2®.

Nonperfusion area and OCT findings

The nonperfusion area demonstrates significant thinning of the
inner retina®%27). However, when macular edema is significant,
the thinning of the inner retinal layers is difficult to identify.

Visual prognosis and OCT findings
It is now possible to see and measure foveal structures indicating
with the health of photoreceptor cells such as the ELM, IS/OS,
and OS thickness with SD-OCT, and these indicators correlate
with visual acuity in diabetic macular edem

a(28—31)‘
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B Fig. 3-9 Retinal microaneurysms seen on SD-OCT with speckle noise removed

A: Present in the retinal nerve fiber layer, B: Present in the ganglion cell layer and inner plexiform layer, C: Present in the outer plexiform layer, D: Present

in the inner nuclear layer, E: Present in the outer plexiform layer, F: In contact with cystoid spaces, G: Present in the cystic cavity. Retinal MAs can be seen in
various layers of the retina.

(Modified according to Horii T, et al. Optical coherence tomographic characteristics of microaneurysms in diabetic retinopathy. Am J Ophthalmol. 2010;
150: 840-848)
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Mechanisms by which macular edema injure
photoreceptor layer

Permanent visual impairment as a result of macular edema is
caused by the destruction of the foveal photoreceptor layer. How-
ever, edema does not directly cause photoreceptor layer damage.
The mechanism for photoreceptor cell destruction is complex.
With SD-OCT, we are now able to observe leakages from cystoid
spaces into subretinal space, and this phenomenon appears to be
involved in the destruction of the foveal photoreceptor layer.
When internal pressure of cystoid spaces increase, they expand
to become in contact with the ELM, and thereby strong pressure
is applied to the ELM. As a result, the structures of ELM as an
anatomical barrier to the large molecules broken down, permit-
ting leakage of fluid and large molecules to the photoreceptor
layer and subretinal layer (8 Fig. 3-10). This leakage repeats its
stop-and-resume cycle. Photoreceptor damages appear to be due
to the mechanical obstruction by the leakage and due to the ac-
cumulation of hard exudate and hemorrhages beneath the foveal
photoreceptor layer. As described previously, the macular thick-
ness is associated to visual acuity loss.One possible mechanism
to account for this association is that when macular thickness
become greater cystoid spaces increase in size and internal pres-

sure, enhancing the leakage to the photoreceptor layer and sub-
retinal space(®).

Ischemic maculopathy

Capillary nonperfusion in diabetic retinopathy typically occurs
in the equator, and eventually expands to the macula as well
as to the periphery. The capillary nonperfusion involving the
macular, particularly the fovea, causes severe visual acuity loss.
In addition, the enlargement of foveal avascular zone (FAZ) also
occurs in diabetic retinopathy, leading to visual acuity loss. These
disease conditions are termed ischemic maculopathy. The FAZ
of 1,000 pum or less in diameter does not cause visual acuity
decrease, whereas when the FAZ that expanded more than
1,000 um causes visual acuity loss®?), Sometimes the breakdown
of the capillary bed on the temporal macula extends to the fovea
leading to severe visual impairment. These disease conditions are
termed ischemic maculopathy.

Ischemic maculopathy can sometimes be seen in type 1 dia-
betes. When observed with OCT, the fovea centralis displays
cystoid macular degeneration or macular thinning. This is an
important factor that impedes visual improvement even after
diabetic macular edema is resolved after treatment®?.

Foveal cystoid space

Hyperreflective foci

Concentration density boundary layer
Macromolecular effusion

Parafoveal cystoid space

Inner nuclear layer edema

Outer plexiform layer edema

IS/0S
RPE

Macromolecular deposits

Lipid deposits (hard exudate)

@ Fig. 3-10 Diagram showing the leakage mechanism into the macular subretinal space
When the internal pressure of the cystoid spaces increases, contents break through the ELM and leak into the subretinal space
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Case 38 Diabetic macular edema: Early-stage case

A 58-year-old male,OS, BCVA 1.2

YL R SR R PR

A: Left eye fundus photograph: A hard exudate and MAs can be seen in the parafovea. B: FA in the left eye (2 min), C: Enlarged version of B [white dashed
box]: MAs are detected in the perifoveal capillary bed and in its vicinity. Weak fluorescent leakage can be seen. D: IR + OCT horizontal scan of the left eye +
enlarged version [red dashed box]: The foveal depression is maintained and there is very little retinal thickening, but capillaries in the macular area are
dilating and 4 rows of highly reflective spots can be observed. These rows of highly reflective spots indicate 4-layer capillary network in the external and
internal margins of the inner nuclear layer, the external margin of the ganglion cell layer and the ganglion cell layer itself to the retinal nerve fiber layer.

E: IR + OCT tilted scan of the left eye + enlarged version [red dashed box]: MAs are visible in the parafovea and a small foveal cystoid space can be noted

Image interpretation points

This is a case of early phase diabetic macular edema with mini-  and Henles fibrous layer (HFL). The foveal depression is main-
mal macular retinal thickening. MA formation and weak fluo- tained and no clear retinal thickening is visible. Capillaries in the
rescent leakage can be seen in the perifoveal capillary bed and  macular area are dilating, and the 4-layer capillary network can
very small localized cystoid spaces are visible in the parafovea be seen more clearly than usual.
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Case 39 - Cystoid macular edema: Case with CME limited to layers anterior to the ELM

Case 39 Cystoid macular edema: Case with CME limited to layers anterior to the ELM

An 80-year-old female, OD BCVA 0.8

ELM IS/0S

ELM 1S/0S

A: Color fundus photograph in the right eye, B: Enlarged version of A [red dashed box]: Dot and blot hemorrhages and cystoid macular edema (CME) can
be seen in the macula. Hard exudates can be seen above the macula. C: FA in the right eye (75 sec): Multiple MAs and CME can be seen in the macula.

D: IR + OCT horizontal scan of the right eye + enlarged version [red dashed box]: Cystoid spaces can be seen in the fovea, parafovea, and the inner nuclear
layer, but no edema can be seen in the outer plexiform layer. Foveal cystoid spaces are confined anterior to the ELM line and IS/OS lines, and each line is
being maintained. E: IR + OCT vertical scan of the right eye + enlarged version [red dashed box]: Same findings as in D can be seen

Image interpretation points

The cystoid spaces is confined to the retinal layers anterior to to the leakage from the perifoveal capillary bed. The ELM and
the ELM within the fovea, parafovea and inner nuclear layer in IS/OS lines are maintained and visual acuity remains good.
the vicinity of the fovea. These cystoid spaces appear to be due
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Case 40 Cystoid macular edema: Case with CME extending to the outer retina

Left eye of an 80-year-old female with vision corrected to 0.2

Subretinal hard exudate Cystoid spaces in the inner nuclear layer

Subretinal hard exudate

A: Color fundus photograph in the left eye, B: Enlarged version of A [red dashed box]: Dot and blot hemorrhages are seen over the entire macula and hard
exudates can be seen in the fovea. C: FA in the left eye (28 sec): Multiple MAs are noted over the entire macula. D: FA in the left eye (5 min): CME is evident
in the fovea and macular edema can be seen outside the fovea. The nonperfusion area is not visible. E: IR + OCT horizontal scan of the left eye: This macular
edema is comprised of foveal cystoid space (*), parafoveal cystoid spaces and and inner nuclear layer cystoid spaces. A highly reflective lesion is visible
beneath the fovea corresponding to accumulation of hard exudates. F: Enlarged version of E [red dashed box]: The ELM, IS/OS and COST lines in the fovea
have disappeared

Image interpretation points

Accumulation of hard exudates beneath the fovea is one When this accumulated fluid in the cystoid spaces passes
cause of severe visual impairment in diabetic macular edema. through the ELM, a passage into the subretinal space formed.
Cystoid spaces in diabetic macular edema are common in the In the case of diabetic macular edema, as leakage into the
fovea centralis, parafovea, outer plexiform layer and inner subretinal space continues, hard exudates are deposited be-

nuclear layer. As the internal pressure rises within these cystoid  neath the fovea leading to severe visual acuity loss.
spaces, subretinal leakage occurs causing foveal detachment.
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Case 41 - Cystoid macular edema: Exacerbation

Case 41 Cystoid macular edema: Exacerbation

A 64-year-old female, OS, BCVA 1.0

)

W

i

Parafoveal cystoid space

Enlargement toward the nasal side

Cystoid spaces in the inner nuclear layer

Cystoid spaces in the outer plexiform layer

A: FA in the left eye (11 min), B: enlarged version of A [white dashed box]: At initial diagnosis. Typical CME in a petaloid pattern can be seen in the fovea.
Leakage outside the fovea is mild. C: FA in the left eye (3 min), D: Enlarged version of C [white dashed box]: 17 months after initial diagnosis. The petaloid
pattern of CME has fused and become, and a multilayered petaloid pattern can be seen outside of it. Leakage over the macula is increased. E: IR + OCT hori-
zontal scan of the left eye: At initial diagnosis. Foveal and parafoveal cystoid spaces (*) in contact with the ELM line and a slight foveal detachment (=)
can be seen. F IR + OCT horizontal scan of the left eye: 7 months after initial diagnosis. Best-corrected visual acuity has reduced to 0.7. The edema has ex-
tended to the nasal side. Foveal detachment (=) can be seen. G: IR + OCT horizontal scan of the left eye: 17 months after initial diagnosis. Best-corrected
visual acuity has further decreased to 0.3. Cystoid spaces in the outer plexiform layer and inner nuclear layer over the entire macula is increased. This cor-
responds to the parafoveal, multilayered petaloid pattern in FA

Image interpretation points

This case show the exacerbation of diabetic macular edema.The  the edema in each retinal layer, as well as retinal thickening can

macular edema was initially found mainly in the foveal and para-
foveal regions, and then has progressed to the outer plexiform
layer and inner nuclear layer of the entire macula. The lateral ex-
pansion of macular edema is observed with FA, but the extent of

be quantitatively understood with OCT. OCT also allows observa-
tion of photoreceptor damages. However, in this case, the status
of ELM, IS/OS and COST lines are indistinct due to blockade of OCT
measurement beams by the multiple cystoid spaces.
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Case 42 Cystoid macular edema: Foveal detachment with recurrence

A 61-year-old male, OS, BCVA 0.8

Hard exudates

Foveal inner and outer segment thinning

Microaneurysm
e vl Ll
2 T — e

ELM

) %

Disappearance of foveal IS/OS line.
Inner and outer segment thinning

Foveal inner and outer segment defect

A: Color fundus photograph in the left eye: At initial diagnosis. B: Color fundus photograph in the left eye: 3 months after initial diagnosis. Best-corrected
visual acuity has reduced to 0.4. C: FA in the left eye (5 min): At initial diagnosis. CME can be seen in the fovea and parafovea. D: IR + OCT horizontal scan
of left eye + enlarged version [red dashed box]: At initial diagnosis. A foveal cystoid space (*) in contact with the ELM and foveal detachment (=>) can

be seen. The inside of the cystoid spaces is moderately reflective, which is thought to be due to high viscosity fluid. The photoreceptor inner and outer
segments of the fovea are diminished. E: IR + OCT horizontal scan of the left eye + enlarged version [red dashed box]: 3 months after initial diagnosis.
The foveal detachment has subsided (=), but foveal cystoid spaces remain. The foveal photoreceptor inner and outer segments are thinned. F: IR + OCT
horizontal scan of the left eye + enlarged version [red dashed box]: 4 months after initial diagnosis. Best-corrected visual acuity is 0.4. Foveal detachment
(=) has reoccurred. The foveal photoreceptor inner and outer segments are lost at their entire depth.

Image interpretation points

This is a case where foveal detachment due to a foveal cystoid
space repeatedly occurred,and the photoreceptor inner and
outer segments in the fovea were damaged. Leakage is due to
the microaneurysms of perifoveal capillary bed. The foveal cys-
toid space has extended to the outer retina and is connected
with the subretinal space via the ELM structure. The ELM is the
area where the adhesion complex between the photoreceptor
inner segment and outer edges of the Miiller cells is aligned,

but it only exists in very narrow gaps. As the cystoid spaces
expand and come into contact with the ELM, they apply strong
pressure to this structure leading to its disintegration and
leakage below the retina. The photoreceptor inner and outer
segments become defective as this fluid pass through them, and
repeated foveal detachments exacerbate the damage done to
the foveal photoreceptor inner and outer segments.
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Case 43 Cystoid macular edema: Subfoveal accumulation of hard exudates and the development
of ischemic maculopathy

Right eye of a 59-year-old female with vision corrected to 0.7

A: Color fundus photograph in the right eye, B: Enlarged version of A [red dashed box]: 1 month after initial diagnosis. Flame-shaped hemorrhages can

be seen in the posterior pole, soft exudate is exhibited near the upper arcade vessels, and hard exudate is visible on the nasal macula. Fine yellowish-white
granules are observed in the fovea. C: FA in the right eye (2 min): A focal nonperfusion area can be seen near the upper arcade vessels. D: Color fundus
photograph in the right eye, E: Enlarged version of D [red dashed box]: 12 months after initial diagnosis. Accumulation of hard exudates beneath the
foveas is noticeable. F: FA in the right eye (3 min): 12 months after initial diagnosis. A nonperfusion area can be seen from the fovea centralis to the upper ar-
cade vessels. G: IR + OCT horizontal scan of the right eye + enlarged version [red dashed box]: 10 months after initial diagnosis. Best-corrected visual acuity
is 0.7. Foveal detachment is noted and hyperreflective foci are aligned on the anterior border of the ELM and posterior margin of the photoreceptor inner
segment. H: IR + OCT horizontal scan of the right eye + enlarged version [red dashed box]: Same area as G, 12 months after initial diagnosis. Best-corrected
visual acuity has reduced to 0.2. Foveal detachment has disappeared, and hard exudates have accumulated on the RPE beneath the fovea centralis. The
ELM and IS/OS lines have disappeared in the foveal area with hard exudate accumulation and significant thinning of the foveal photoreceptor layer can be
seen. (A, D, and H were modified according to Ota M, et al. Optical coherence tomographic evaluation of foveal hard exudates in patients with diabetic
maculopathy accompanying macular detachment. Ophthalmology. 2010; 117: 1196-2002)

Image interpretation points

This is a case where accumulation of hard exudates progressed
beneath the fovea centralis and visual acuity loss became worse
during 1 year of observation. Subfoveal accumulation of hard
exudates is one of causes for visual acuity loss associated with
foveal detachment. At the initial diagnosis, fine yellowish-white
granules were observed in the fovea, which probably corresponds
to a part of hyperreflective foci on OCT images. Foveal detach-
ment was present, and hyperreflective foci were seen aligned in
an orderly manner along the anterior border of the ELM and the

posterior margin of photoreceptor inner segment. Since hyper-
reflective foci are large molecules, they cannot pass through
gaps in the ELM and appear to be filtered through the ELM and
align. The structure of the ELM eventually ruptures and the
hyperreflective foci appear to become trapped in the posterior
margin of the inner segment. Images showing the process of
subfoveal hard exudate accumulation are not available, but it is
certain that alignment of the hyperreflective foci can be ob-
served before the subfoveal accumulation of hard exudates.
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Case 44 Cystoid macular edema: Subretinal leakage from a parafoveal cystoid space

A 64-year-old male, OD, BCVA 0.4

Foveal detachment

Ay

A: Color fundus photograph in the right eye: at initial diagnosis. Retinal hemorrhages and hard exudates can be seen in the macula, and soft exudates can
be seen near the upper arcade vessels. B: FA in the right eye (1 min), C: FA in the right eye (13 min): At initial diagnosis. Multiple MAs are observed in the
macula. Focal nonperfusion areas are seen in the peripheral macula and outside the macula. D: IR + OCT vertical scan of the right eye + enlarged version
[red dashed box]: 6 months after initial diagnosis. Best-corrected visual acuity has reduced to 0.1. A parafoveal cystoid space (*) are opening below the
retina. A density boundary is forming near the opening suggesting leakage. E: IR + OCT vertical scan of the right eye + enlarged version [red dashed box]:
8 months after initial diagnosis. Best-corrected visual acuity is 0.2. The parafoveal cystoid space and its opening have disappeared and an increase in reflec-
tivity can be seen in the same area (red dashed circle). The photoreceptor inner and outer segments in the area of leakage are lost (=>).

(D is modified according to and H according to Ota M, et al. Optical coherence tomographic evaluation of foveal hard exudates in patients with diabetic
maculopathy accompanying macular detachment. Ophthalmology. 2010; 117: 1196-2002) (Continued on the next page)

Image interpretation points

Foveal photoreceptor layer degeneration due to foveal detach-  highly reflective lesions remain within the retina where the
ment causes visual impairment in diabetic macular edema. cystoid space with an opening was present. This, it appears that
It is now possible to observe the process of subretinal leakage ~ mechanical damages due to subretinal fluid efflux is one of
from cystoid spaces with SD-OCT. The photoreceptor inner the causes of visual acuity loss associated with repeated foveal
and outer segments disappear in the area of leakage, and detachment.
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Case 44 Continuation

F: Color fundus photograph in the right eye: 11 months after initial diagnosis. Best-corrected visual acuity is 0.2. Hard exudates in the macula has decreased
and a soft exudate has appeared above the fovea. G: FA in the right eye (1 min), H: FA in the right eye (13 min): 11 months after initial diagnosis. Multiple
MAs can be seen in the macula. The nonperfusion area of the macula has expanded. I: Color fundus photograph in the right eye: 16 months after initial
diagnosis. Visual acuity has further reduced to 0.05. Accumulation of hard exudates beneath the fovea is seen. J: IR + OCT horizontal scan of the right eye +
enlarged version [red dashed box]: 12 months after initial diagnosis. Best-corrected visual acuity is 0.1. Hyperreflective foci can be seen in the detached
outer layer of the retina, and are falling and accumulating on the RPE (—>). The photoreceptor inner and outer segments have disappeared over a wide area
of the macula. K: IR + OCT horizontal scan of the right eye: 13 months after initial diagnosis. BCVA further decreased to 0.07. One month after J, subfoveal
accumulation of hard exudate is evident (=) and significant thinning in the fovea is noted.

Image interpretation points

In this case, the foveal photoreceptor layer had once undergone  retinal layers along the foveal detachment and some foci can be
severe damages due to the mechanical injuries by the subretinal ~ seen falling on the RPE. Accumulation of hard exudates beneath
fluid efflux, and then subfoveal accumulation of hard exudates the fovea occurs with the disappearance of foveal detachment, and
further enhanced the foveal damages. Multiple hyperreflective hyperreflective foci in the outer layer of the retina appears to be in-
foci, which are leaked lipoproteins, accumulate along the outer volved in this accumulation. Visual prognosis is poor in such cases.
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Case 45 Cystoid macular edema: Subfoveal leakage from a foveal cystoid space

A 56-year-old male, OD, BCVA 0.5

Highly reflective lumps Highly reflective lumps

A:FAin the right eye (1 min), B: enlarged version of A [white dashed box]: At initial diagnosis. Scattered MAs and mild CME can be seen in the posterior
pole. C: IR + OCT horizontal scan of the right eye + enlarged version [red dashed box]: At initial diagnosis. A leakage path (=) is formed from the shrinked
foveal cystoid space to subretinal space. Diffuse moderate reflectivity is observed in the opening. * shows the foveal detachment. D: IR + OCT horizontal
scan of the right eye + enlarged version [red dashed box]: 5 months after initial diagnosis. Multiple leakage openings from the outer plexiform layer cystoid
spaces to subretinal space (red dashed square) are seen. Highly reflective lumps can be seen on the RPE beneath the openings.

Image interpretation points

Repeated foveal detachment involved in visual impairment space appears to be shrinked a result of connections between
due to diabetic macular edema appears to occur due to the foveal cystoid space and subretinal space. Five months after
leakage from a foveal cystoid space, parafoveal cystoid spaces, initial diagnosis, multiple leakage paths could be seen from

and outer plexiform layer cystoid spaces into the subretinal the cystoid spaces in the outer plexiform layer. The source of
space. In this case, leakage appeared to be mainly from a leakage can sometimes change over time leading to persistence

foveal cystoid spaces at initial diagnosis. The foveal cystoid of the foveal detachment.
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Case 46 Cystoid macular edema: Photoreceptor damage from outer plexiform layer edema

A 69-year-old female, OD, BCVA 0.4

Hyperreflective foci aligned along the borders of cystoid spaces in the outer nuclear layer

A: Color fundus photograph in the right eye: At initial diagnosis. A few of hard exudates are seen in the macula. B: Color fundus photograph in the right
eye: 6 months after initial diagnosis. Hard exudates are increasing on the temporal macula. C: FA in the right eye (24 sec): 6 months after initial diagnosis.
Multiple MAs are visible in the macula, but no capillary nonperfusion can be seen. D: FA in the right eye (8 min): Significant cystic fluorescein accumulations
are noted in the entire posterior pole. E: IR + OCT horizontal scan of the right eye + enlarged version [red dashed box]: At initial diagnosis. Foveal detach-
ment is visible (*). The hyperreflective foci accumulating along the internal walls of cystoid spaces highlight the outline of the cystoid spaces in the outer
nuclear layer of the temporal macula.

(Continued on the next page)

Image interpretation points

This is a case representative of outer plexiform layer edema the septum of each cystoid space is blurry due to moderate
in the temporal macula, with minimal edema observed in the reflectivity within the cystoid space. The hyperreflective foci
fovea centralis and inner nuclear layer. The changes in the being aligned along the internal wall of each cystoid space help

outer plexiform layer appear to be diffuse at first glance, but us identify the outline of the cystoid space..
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Case 46 Continuation

Hard exudate

F: IR + OCT vertical scan of the right eye + enlarged version [red dashed box]: 5 months after initial diagnosis. Best-corrected visual acuity is 0.3. Grid photo-
coagulation was performed 1 month after diagnosis. The cystoid edema in the outer plexiform layer in the temporal macula has subsided, and hard exudate
formation is evident inside the retina. Hyperreflective foci are aligned along anterior border of the ELM and posterior margin of the photoreceptor inner
segment of the detached retina (*). G: IR + OCT horizontal scan of the right eye: 6 months after initial diagnosis. Best-corrected visual acuity is 0.3. The outer
plexiform layer edema in the temporal macula that underwent grid photocoagulation has disappeared and an accumulation of hard exudate can be seen

beneath the fovea centralis ().

Image interpretation points

The cystoid edema of the outer plexiform layer in the temporal
macula has disappeared after grid photocoagulation, but hard
exudate is accumulating beneath the fovea centralis, causing
atrophy of the foveal photoreceptor layer. Hard exudates are
also formed within the retina where the cystoid spaces are
disappearing. Just before hard exudates accumulate beneath

the fovea centralis, hyperreflective foci were seen aligned on
the anterior border of the ELM and on the posterior margin of
the photoreceptor inner segment in the area of the foveal
detachment. Accumulation of hard exudates cannot be seen
on the RPE at this stage.



97

Case 47 - Cystoid macular edema: Microaneurysms

Case 47 Cystoid macular edema: Microaneurysms

A 67-year-old female, OD, BCVA 0.3

Foveal detachment

L‘!Q ol

A: Color fundus photograph in the right eye, B: Enlarged version of A [red dashed box]: Dot and blot hemorrhages can be seen. The MAs and dot hemor-
rhages, which are present together in the macula, looks too similar to be distinguished on color fundus photography. C: FA in the right eye (1 min),

D: Enlarged version of C [white dashed box]: Multiple MAs are visible in the perifoveal capillary bed. Destruction of the perifoveal capillary bed can also

be observed. E: IR + OCT horizontal scan of the right eye, F: Same image as D: This has been redisplayed to show the alignment between the OCT B-scan
images E and G and the FA image. The red and blue dashed circles showing MAs on the FA image correspond to the red and blue dashed circles in the OCT
images E and G respectively. G: IR + OCT vertical scan of the right eye: MAs in contact with foveal cystoid spaces (*) (red dashed circle) and MAs in the
vicinity of the foveal cystoid space (blue dashed circle) can be seen. Both exist at the inner nuclear layer level.

Image interpretation points

MAs are depicted on OCT B-scan images as circular/elliptical inner nuclear layer, and roughly 50% are adjacent to, in contact
capsular structures with highly reflective walls. It is easy to dis- with or inside the cystoid spaces. MAs are enveloped by highly re-
cern the layer where MAs exist and their positional relationship  flective walls of various extents, and the MAs with poor wall reflec-
with cystoid spaces on OCT. About 80% of MAs can be seen in the tivity are thought to be associated with cystoid space formation.
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Case 48 Ischemic maculopathy: Cystoid macular degeneration

A 38-year-old female, OS, BCVA 0.01

Foveal cystoid space

Thinned temporal inner retinal Ia_)q-s .

Foveal cystic degeneration

A: Color fundus photograph in the left eye, B: Enlarged version of A [red dashed box], C: Enlarged version of A [blue dashed box]: At initial diagnosis.
Venous beading and intraretinal microvascular abnormalities (IRMAs, white dashed circle) can be seen, D: Color fundus photograph in the left eye,

E: Enlarged version of D [red dashed box]: 2 months after initial diagnosis. Best-corrected visual acuity is 0.01. Preretinal hemorrhages can be seen in
the lower arcade vessels. Ghost perifoveal capillary bed (no capillary blood flow) is visible. F: FA in the left eye (1 min): 2 months after initial diagnosis.
Nonperfused area is seen in the perifoveal capillary bed and the temporal half of the macula. G: IR + OCT horizontal scan of the left eye: At initial diagnosis.
Appearance of the cystoid edema can be seen in the macula. H: IR + OCT horizontal scan of the left eye + enlarged version [red dashed box]: Same
area as G, 2 months after initial diagnosis. Cystoid edema has subsided, but the fovea centralis exhibits significant atrophy with cystoid spaces. There is
significant thinning of the inner retinal layers on the temporal side.

Image interpretation points

This is a case that appears to be cystoid macular edema at Cystic degeneration of the macula was clearly detected on

first glance, but is actually cystoid degeneration (also termed OCT, and there is also significant thinning of the temporal inner
cystic degeneration) due to macular ischemia. Remission of the  layers of the retina. Currently, there are no methods of predict-
macular edema is due to blood supply to the macula being cut  ing the onset or established treatments for diabetic ischemic
off as a result of retinal vascular nonperfusion in the macula. maculopathy.
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Case 49 - Ischemic maculopathy: Thinned macula

Case 49 Ischemic maculopathy: Thinned macula

A 38-year-old female, OD, BCVA 0.01

—y e o

I £ - -ﬂ_.——f"",#

Outer plexiform layer cystoid space

Thinned temporal inner retinal layers

A: Color fundus photograph in the right eye: At initial diagnosis. Retinal hemorrhages, venous beading, IRMAs, and hard exudate can be seen in the posterior
pole. B: FA in the right eye (1 min), C: FA in the right eye (10 min): At initial diagnosis. Nonperfusion area can be seen mainly in the equatorial area, but non-
perfusion of the perifoveal capillary bed and temporal macula is also observed. Leakage from superior retinal neovascular vessels can be seen. D: Color fun-
dus photograph in the right eye: 5 months after initial diagnosis. Best-corrected visual acuity is 0.01. Preretinal hemorrhages have occurred. Niveau forma-
tion of subhyaloid hemorrhages can be seen. Photocoagulation scars produced by PASCAL (PAttern SCAnning Laser) Photocoagulator (OptiMedica Corpora-
tion, Santa Clara, CA) can be seen. E: FA in the right eye (90 sec), F: FA in the right eye (13 min): 5 months after initial diagnosis. Blocking of fluorescence due
to preretinal hemorrhages, but nonperfusion is evident over a wide macular area. G: IR + OCT horizontal scan of the right eye: At initial diagnosis. Foveal

and parafoveal cystoid spaces (*) are noted. H: IR + OCT horizontal scan of the right eye + enlarged version [red dashed box]: Same area as G, 2 months after
initial diagnosis, 3 months before the preretinal hemorrhages. Best-corrected visual acuity is 0.02. The CME has completely subsided, but the fovea centralis
exhibits significant thinning. The ELM line is visible, but the I1S/OS lines are not. Thinning of the inner retinal layer of the macula is significant, and the foveal
depression appears flattened and enlarged.

Image interpretation points

In this case, before the vitreous hemorrhages occurred, capil-
lary nonperfusion in the macula progressed rapidly resulting
in foveal atrophy and leading to severe visual impairment.
Such acute development of perifoveal capillary bed nonper-
fusion is common in type 1 diabetes. Remission of the macular
edema is due to blood supply to the macula being cut off as

a result of retinal vascular nonperfusion in the macula. Thinning
of the fovea centralis and inner retinal layers of the macula can
be seen with OCT. Panretinal photocoagulation was performed
but could not prevent the progression of diabetic ischemic
maculopathy. Currently, there are no established treatments for
diabetic ischemic maculopathy.
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Case 50 Vitreomacular traction syndrome: A typical example

A 71-year-old female, OD, BCVA 0.07

Posterior vitreous cortex being Adhered and contracted
e separated into 2 layers posterior vitreous cortex

A: Color fundus photograph in the right eye, B: Enlarged version of A [red dashed box]: Significant macular whitening and capillary tortuosity due to the
ERM is seen. C: FA in the right eye (3 min): FA from 6 months before initial diagnosis. Leakage in the macular area can be seen. D: IR + OCT horizontal scan
of the right eye: Adhesion of the posterior vitreous cortex to the entire macula is exhibited in the horizontal scan passing through the fixation point.

E: IR + OCT vertical scan of the right eye: Adhesion of the posterior vitreous cortex to the macula can be observed over a wide area, and the macula is
being elevated into a tent-shape. The posterior vitreous cortex was separated into 2 layers.

Image interpretation points

Vitreomacular traction syndrome is common with diabetic normal adhesion occurring over a wider area of the vitreo-
macular edema, but the adhesion of the posterior vitreous cor- retinal interface in diabetic macular edema. There are many
tex is often wider than vitreomacular traction syndrome asso- cases Where the entire macula is lifted into a tent-shape.

ciated with other retinal diseases. This appears be due to ab-
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Case 51 Proliferative diabetic retinopathy: Progressive proliferation

A 29-year-old male, OS, BCVA 0.4

A: Color fundus photograph in the left eye: At initial diagnosis. Mild fibrovascular membrane is seen from the optic disc along the upper and lower arcades,
and focal preretinal hemorrhages above the optic disc. B: FA montage of the left eye (10 min): Significant fluorescein leakage can be seen from neovascu-
larization of the disc (NVD) and elsewhere on the retina (NVE) . Panretinal photocoagulation is performed to a certain extent. C: Color fundus photograph
in the left eye: 3 months after initial diagnosis. Best-corrected visual acuity in this left eye is now finger counting directly in front of the eye. Tractional reti-
nal detachment has occurred due to rapid proliferation of the fibrovascular membrane. D: IR + OCT horizontal scan of the left eye: At initial diagnosis. No
retinal detachment is visible. E: IR + OCT horizontal scan of the left eye: 3 months after initial diagnosis. Best-corrected vision is finger counting directly in
front of the left eye. The macula is detached as if being pulled by the optic disc due to contraction of the proliferative fibrovascular membrane. The RPE is
poorly depicted on OCT due to the elongation of the eye in the longitudinal direction.

Image interpretation points

This case represents the exacerbation process of proliferative
diabetic retinopathy. At initial diagnosis, neovasculaization of
the disc (NVD) and elsewhere on the retina (NVE) are present,
but visual acuity remained good since there was minimal

damage to the macula. During follow-up after the addition of
retinal photocoagulation, there was rapid progress of proliferative
changes resulting in a macular tractional retinal detachment.
Earlier surgical intervention would have been preferable.
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Case 52 Proliferative diabetic retinopathy: Preretinal hemorrhages and vitreomacular traction

syndrome

A 37-year-old female, OS, BCVA 0.3

A: Left eye fundus photograph: At initial diagnosis. Neovascularization of the disc (NVE) and fibrovascular membrane from the optic disc along the arcade
vessels can be seen, and preretinal hemorrhages are seen in the posterior pole with niveau along the inferior arcade. B: Color fundus photograph: 2 weeks
after initial diagnosis. Preretinal hemorrhages have remarkably increased. There is only few hemorrhages in the fovea. C: FA in the left eye (10 min), pano-
rama: Fibrovascular membrane is formed over the posterior pole including the optic disc, and significant fluorescein leakage is seen. D: IR + OCT horizontal
scan of the left eye: At initial diagnosis. Vitreomacular traction syndrome can be observed. Hemorrhages can be seen between the posterior vitreous cortex
and the retina | surface (=>). E: Color fundus photograph + SS-OCT horizontal scan of the left eye: 2 weeks after initial diagnosis. Gaps between the posterior
vitreous cortex and the retina | surface are filled with hemorrhages (*). It is obvious that vitreomacular traction is present.

Image interpretation points

Preretinal hemorrhages can accumulate between the
posterior vitreous cortex and retina | surface in cases where
PVD has not occurred. In this case vitreomacular traction
syndrome preceded massive preretinal hemorrhages. Large
amounts of preretinal hemorrhages are accumulating and

filling the gaps between the posterior vitreous cortex and
the retina | surface. Even though retinal lesions cannot be
visualized by SD-OCT, SS-OCT can provide images that allow
interpretation of retinal pathology hiding beneath the
massive preretinal hemorrhages.
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4.1  Retinal vein occlusion
Background

When the central retinal vein or its branches are occluded, the
upstream vein dilates and becomes tortuous; flame-shaped or
spotted retinal hemorrhages can occur depending on the depth
of bleeding. The main cause of visual impairment is macular
edema. When significant retinal ischemia causes retinal neovas-
cularization and iris rubeosis, this can lead to visual impairment
due to vitreous hemorrhages and neovascular glaucoma.

Central retinal vein occlusion

Central retinal vein occlusion (CRVO) occurs due to a central
retinal venous obstruction mainly caused by thrombosis forming
at the lamina cribrosa level in the optic disc.") The central retinal
vein sometimes divides into two branches when it exits the
optic nerve; if one side is occluded, this results in a hemi-CRVO.
The incidence of CRVO is 0.1-0.5%.0-% In the elderly, CRVO
often accompanies systemic disorders such as hypertension,
diabetes, ischemic (arteriosclerotic) heart disease®*!9) and
glaucoma.-719 Agpirin and/or warfarin have also been reported
as risk factors.®) In contrast, vasculitis is typically associated with
the onset of CRVO in young patients. However, the cause of
CRVO in young patients is often unclear, and in such cases con-
genital abnormalities of the central retinal vein at the level of the
lamina cribosa is suspected.') Bilateral involvement is seen in
about 10-15% of elderly patients, but in the majority of younger
patients, the onset is in just one eye.(!'»12) CRVO is classified into
non-ischemic and ischemic based on the extent of the capillary
bed nonperfusion, which corresponds to Hayreh’s classifications
of venous stasis retinopathy and hemorrhagic retinopathy.(®
The incidence of non-ischemic CRVO is approximately twice
that of ischemic, but when followed long-term for one and a half
years, 18.6-34% of non-ischemic CRVO progress to ischemic
CRVOs.041% Non-ischemic CRVO includes cases with a rela-
tively good prognosis where visual acuity and the ocular fundus
almost normalize naturally, although the prognosis is poor when
macular edema is more advanced.

In addition to advanced macular edema, the development of
macular ischemia and subsequent neovascular glaucoma are
further causes of poor prognosis in ischemic CRVO. Neo-
vascular glaucoma typically occurs within 3-4 months after
CRVO onset. Visual prognosis is good in cases where visual
acuity at the time of diagnosis is 0.5 or above, whereas visual
improvement is not achieved in the majority of cases under
0.1.0% Ischemic maculopathy as a result of capillary nonperfu-
sion including perifoveal capillary bed also appears to underlie

such severe visual impairment. The extent of retinal capillary
nonperfusion is responsible for both the visual prognosis and
the risks of developing neovascular glaucoma. It is common to
define an ischemic CRVO as having a nonperfusion area with
a diameter of 10-fold disc diameter or more,'® but when
dense retinal hemorrhages are present immediately after onset,
it is not easy to determine the nonperfusion area fluorescein
angiography because of blocking of fluorescence light by the
hemorrhages. In such cases, poor visual acuity and visual field
results, relative afferent pupillary defect , poor visual function
tests such as an electroretinogram, multiple soft exudates, ex-
tension of the intraretinal circulation time,1”) and significant
fluorescein leakage on FA suggest ischemic CRVO.

OCT findings

It has now become possible to quantitatively assess the extent
of macular edema in CRVO with OCT. OCT is becoming an
essential test for evaluating the effects of medical therapies that
use anti-vascular endothelial growth factor drugs and/or steroid
drugs, evaluating recurrence, and determining the effects of grid
photocoagulation and vitreous surgery. In addition, OCT can
detect structures of macular edema such as cystoid spaces and
serous retinal detachment (SRD, also termed foveal detachment)
that other tests, including FA, cannot.'$-V It was previously be-
lieved that SRD accompanied severe CRVO, but we have now
observed that SRD accompanies a higher percentage (about 80%)
than previously thought thanks to OCT.(%21) Most SRDs (about
70%) can be seen as cone-shaped, small foveal detachments, and
are thought to progress to dome-shaped SRDs based on the
mechanism shown in Fig. 4-1.2" The highest percentage of
cystoid spaces can be seen in the fovea centralis, inner nuclear
layer, and outer plexiform layer (all >80%). It was shown that a
foveal cystoid space reaching the external limiting membrane
(ELM) result in poor visual acuity.(!”) Macular edema in CRVO
exhibits maximum thickness in the fovea centralis, but the cor-
relation between the thickness and visual acuity is not high.??
This appears to be because, although macular ischemia is
most strongly associated with visual impairment, the macular
thickening due to macular edema does not necessarily reflect the
severity of macular ischemia. In practice, the state of the IS/OS
line, which is the index for the photoreceptor integrity, correlates
with visual acuity more than foveal retinal thickness.?®) Such
observations of a foveal cystoid space and the IS/OS line are
useful, but when retinal hemorrhages and cystoid edema are
extensive, the photoreceptor IS/OS line cannot be clearly seen
due to blocking of OCT measurement beams.
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Mdller cells

Muller cells Nerve fibers

Mdiller cell cone

Mdiller cell cone

Mdiller cells

INL

F OPL Henle's fiber layer
@) (®)
; ONL

- SO ®
A

OPL Henle's fiber layer

B Fig. 4-1 Schematic diagram of serous retinal detachment development in retinal vein occlusion

A: The structure of the fovea centralis is drawn. The Miiller cell cone in the foveola is highlighted in light green, and the Miiller cells in the Muller cell cone
and parafovea are highlighted in deep green lines and the nerve fibers are highlighted in blue lines. B: When cystoid spaces form in the fovea centralis and
parafovea, the Miiller cells are stretched as a result of the spatial expansion, consequently pulling the photoreceptor layer and leading to a cone-shaped
small foveal detachment (). C: Holes develop in the ELM and photoreceptor inner and outer segments, and fluids and sometimes hemorrhages leak from
within the cystoid spaces into the subretinal space causing serous retinal detachment. GCL=ganglion cell layer, INL=inner nuclear layer, OPL=outer plexi-
form layer, RPE=retinal pigment epithelium, ONL=outer nuclear layer. (Modified according to Tsujikawa A, et al. Serous retinal detachment associated with
retinal vein occlusion. Am J Ophthalmol. 2010; 149: 291-301)
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Branch retinal vein occlusion

Branch retinal vein occlusion (BRVO) occurs due to thrombus
forming at an arteriovenous crossing.?# The retinal artery and
vein at the crossing share common wall, and the vein is sus-
ceptible to pressure from the artery. BRVO is associated with
hypertension in about 3/4 of cases.7® Venous occlusion areas
are most common in the superotemporal arteriovenous crossing
of the retina. BRVO develops in both eyes in 5-6% of cases upon
initial diagnosis and develops in the fellow during follow-up in
another 10% of cases. The causes of reduced visual acuity are
macular edema and retinal hemorrhages (particularly hemor-
rhages extending to the foveal and parafoveal cystoid spaces), in
the early stage and prolonged macular edema, pigmentation of
the fovea centralis, epiretinal membrane, vitreous hemorrhages,
and rhegmatogenous retinal detachment in the late to end stages.
Visual acuity is good when there is no macular edema, but vision
declines below 0.5 when macular edema occurs. A baseline mean
visual acuity is reportedly 0.15-0.2, which is worse than thought.
With a natural course, vision rarely improves so much after
6 months, but will improve significantly within 2 years (by an
average of 28 letters in ETDRS). Macular edema reportedly re-
gressed in 18% of cases 4.5 months after the patients had become
aware of reduced visual acuity, while patients developed macular
edema in 41% of the cases within 7.5 months.?> Collateral cir-
culation spanning the nonperfusion area and temporal horizon-
tal raphe often form when retinal hemorrhages are absorbed.

OCT findings

Macular retinal thickness measurements using OCT have be-
come indispensable in the follow-up of BRVO macular edema
and assessing therapeutic effects. OCT has a higher detection
rate for CME than FA, and is able to detect the SRD that FA can-
not find. We have come to understand that SRD accompanying
BRVO is not unusual when observed using OCT.?®) Macular
edema in BRVO differs from that in CRVO in that significant
macular thickening occurs only on the nonperfused side and in
the fovea, and therefore observation with vertical B scans is use-
ful. Foveal cystoid spaces, parafoveal cysts, and SRD even extend
to the perfused side. The nonperfusion in the distal area that does
not involve the macula can cause a macular SRD.?”) BRVO does
share several characteristics in macular edema with that of
CRVO. Specifically, these include: (1) the SRD appears as a
cone-shaped small foveal detachment, and progresses to a dome-
shaped SRD,V (2) the cystoid spaces are most frequently seen
in the fovea centralis, inner nuclear layer, and outer plexiform
layer, eventually resulting in poor vision when the foveal cystoid
space reach the ELM,” and (@ the IS/OS line, which is an
index for the photoreceptor integrity, are correlated with visual
acuity.8-39 In the acute phase, the occluded side of the fovea
centralis cannot be clearly seen when there is significant retinal
hemorrhages and cystoid macular edema. Cases where visual
acuity remains poor despite resolved macular edema often are
due to accompanying macular area pigmentation and thinning
of the macular area photoreceptor inner and outer segments and
outer nuclear layer. Several etiologies including SRD and sub-
retinal efflux of retinal hemorrhages may explain the damage to
the outer layer of the retina.
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Case 53 Central retinal vein occlusion: Progression from non-ischemic to ischemic (1)

A 54-year-old male, OD, BCVA 0.3

Foveal cystoid space

A: Color fundus photograph in the right eye: At initial diagnosis. Flame-shaped and blot retinal hemorrhages, dilation and mild tortuosity of retinal

veins, optic disc edema as well as retinal whitening surrounded by soft exudates can be seen. B: FA in the right eye (36 sec), C: FA in the right eye (10 min),
D: enlarged version of C [white dashed box]: At initial diagnosis. This is a non-ischemic CRVO where capillary nonperfusion is hardly visible. CME is present.
E: IR + OCT horizontal scan of the right eye: At initial diagnosis. Significant CME and cone-shaped small foveal detachments (=) are noted. Significant
edema (=) in the retinal nerve fiber layer corresponding to a soft exudate is seen.
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Case 53 Continuation

Hyperreflective foci

F: Color fundus photograph in the right eye: 2 months after initial diagnosis and after panretinal photocoagulation. Best-corrected visual acuity remains

to be 0.3. G: FA in the right eye (1 min), H: FA in the right eye (10 min), I: enlarged version of H [white dashed box]: 2 months after initial diagnosis. A wide,
nonperfusion area excluding the area from the macula to the optic disc is formed and thus has progressed to ischemic CRVO. The area of CME has slightly
expanded. J: IR + OCT horizontal scan of the right eye: Same scan as E 2 months after initial diagnosis. Hemorrhages are noticeable in foveal and outer
plexiform layer cystoid spaces. Hemorrhages in the foveal cystoid space are thick and cause measurement beam blocking (). SRD is expanding in a
dome-shape fashion (*). Hyperreflective foci as described in the section on diabetic retinopathy can be seen. K: IR + OCT horizontal scan of the right eye:
Same scan as E 6 months after initial diagnosis. Best-corrected visual acuity is 0.2. The CME and SRD have disappeared 3 months after vitreous surgery
combined with ILM peeling, but there is significant thinning of the retinal inner layers and the photoreceptor layer from the fovea centralis to the temporal
macula. Loss of the outer nuclear layer and 1S/OS reflectivity is present throughout the macula. Note the hard exudates on the temporal macula.

Image interpretation points

This is a case of CRVO combined with diabetic retinopathy appeared 6 months later and significant retinal thinning is pre-
which progressed from non-ischemic to ischemic 2 months sent in the temporal macula. Thinning of the inner layers is due
after initial diagnosis. Meanwhile, the CME remained and the to the formation of a nonperfusion area, and although the cause
SRD has changed from a cone-shaped small foveal detach- of outer layer thinning and the loss of I1S/OS reflectivity remains
ment to dome-shaped SRD. Hemorrhages are accumulating unclear, CME and SRD are suspected to be involved.

in foveal cystoid space. The macular edema and SRD dis-
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Case 54 Central retinal vein occlusion: Progression from non-ischemic to ischemic 2

A 65-year-old male, OS, BCVA 0.2

A: Color fundus photograph in the left eye: At initial diagnosis. Flame-shaped and blot retinal hemorrhages are visible. B: 1-minute left eye FA, C: FA in the
left eye (5 min): At initial diagnosis. CME is exhibited. Nonperfusion is not found. D: Macular thickness map of the left eye: Significant thickening is ob-
served over the entire macula. E: Color fundus photograph in the left eye: 20 months after initial diagnosis. Best-corrected visual acuity is 0.1. The flame-
shaped retinal hemorrhages have disappeared and spotted retinal hemorrhages can be seen in the fovea centralis and outside the macula. Exudative
changes are significant. F: FA in the left eye (1 min), G: FA in the left eye (10 min): 20 months after initial diagnosis. CME remains. A area of nonperfusion is
observed outside the macula. H: Macula thickness map of the left eye: 20 months after initial diagnosis. Thickening in the centre of the macula has subsided,
whereas thickening remains on the nasal side and inferotemporal side. I: FA montage of the left eye (75 sec): 20 months after initial diagnosis. A wide area
of nonperfusion has formed outside the arcade vessels

J: Color fundus photograph in the left eye + enlarged version + OCT horizontal scan: At initial diagnosis. Typical acute phase CME images can be seen.
Foveal cystoid spaces (*), inner nuclear layer small cystoid spaces, outer plexiform layer cystoid spaces, and cone-shaped foveal detachments are present.
K: Color fundus photograph in the left eye + enlarged version + OCT horizontal scan: Same scan 7 months after initial diagnosis, and 3 months after vitre-
ous surgery combined with ILM peeling. Best-corrected visual acuity further decreased to 0.05. Macular CME has subsided on the temporal side, but re-
mains on the nasal side. Macular retinal hemorrhages are visible in the outer plexiform layer and beneath the fovea centralis. The IS/OS on the temporal side
are disrupted. L: Color fundus photograph in the left eye + enlarged version + OCT horizontal scan: Same scan 20 months after initial diagnosis. The CME in
the nasal macula has become less severe. Retinal hemorrhages remain beneath the fovea centralis, and foveal IS/OS reflectivity has been lost.
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Inner nuclear layer cystoid space

Hemorrhages within cystoid spaces 1
in the inner nuclear layer Outer plexiform layer

cystoid space

Cone-shaped small foveal detachment IS/0S

Hemorrhages within the cystoid spaces
in the outer plexiform layer

A subfoveal hemorrhage

A subfoveal organized blood clot

Image interpretation points

This is a case where reduced visual acuity is noted as a result arcade vessels, subsequently requiring panretinal photocoagu-
of non-ischemic CME/Vitreous surgery combined with ILM lation. Persistent retinal hemorrhages can be seen beneath the
peeling was performed. Flame-shaped retinal hemorrhages, fovea centralis. Finally, visual prognosis was poor due to the

which is hemorrhages in the retinal nerve fiber layer, have dis-  breakdown of the foveal structure such as the disappearance of
appeared over time, while the deeper blot hemorrhages have foveal IS/OS reflectivity, which is thought to be caused by the
worsened. Afterwards, exudative changes have progressed, retinal hemorrhages beneath the fovea centralis.

and a nonperfusion area has been formed mainly outside the
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Case 55 Central retinal vein occlusion: Ischemic type

A 72-year-old male, OS, BCVA 0.08

Abisnusation scabe (d8)

46 3101214161820

Inner plexiform layer high reflectivity

Outer plexiform layer edema

Hemorrhages in the
fovea cystoid space

A: Color fundus photograph in the left eye: Excluding the lower area, flame-shaped and blot retinal hemorrhages and multiple soft exudates are exhibited.
B: FA in the left eye (1 min): Including the macula, a nonperfusion area is formed circumferentially in roughly the upper 240-degree retinal area around the
optic disc. C: Microperimetry-1 of the left eye: Excluding the lower temporal side, no retinal sensitivity can be detected in the macula. D: Macular thickness
map of the left eye: Excluding the temporal side, the retina is thickened in the macular area. E: IR + OCT horizontal scan of the left eye, F: IR + OCT vertical
scan of the left eye: There are CME and SRD () is extending to the lower arcade. Increased reflectivity (=) of the synapse phase of the outer plexiform
layer can be seen.

Image interpretation points

At initial diagnosis, a wide area of nonperfusion spanning the start of laminar flow was delayed by 7 seconds (at 30 seconds)
roughly the upper 240 degrees of the retina including the in the upper vein. In general, hemi-CRVO is caused by occlusion
macula was seen on FA and diagnosed as ischemic CRVO. of just one branch of the central retinal vein in cases where the
Visual acuity is poor. High reflectivity of the synapse phase central retinal vein divides into two branches as it exits the optic
of the outer plexiform layer suggests deepest capillary oc- nerve. This case is an example of both branches being occluded
clusion. Both the upper and lower first branch of the central near the branching therefore exhibiting the same findings as a
retinal vein are dilated, and on FA, laminar flow started at CRVO, but the extent of occlusion differs and the perfusion in the

approximately 23 seconds in the lower vein in FA, whereas lower portion of the retina is relatively preserved.
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Case 56 Hemi-central retinal vein occlusion: Non-ischemic type

Right eye of a 68-year-old male with vision corrected to 0.7

Hemorrhages in the foveal cystoid space

Outer plexiform layer edema
Measuring beam blocking

L Weakly reflective space
200 = Cystoid spaces in the inner nuclear layer of the retinal nerve fiber layer

Hemorrhages in the parafoveal cystoid spaces

A: Color fundus photograph in the right eye: Flame-shaped and blot retinal hemorrhages and multiple soft exudates are visible in the upper half of the
retina. Retinal hemorrhages can also be seen in the fovea centralis. B: FA in the right eye (30 sec), C: FA montage of the right eye (2 min), D: 8-minute right
eye macular area FA: Dilation, tortuosity, and leakage of the retinal veins are observed. There is no areas of retinal nonperfusion. CME can be seen in the
upper half of the fovea centralis. E: IR + OCT horizontal scan of the right eye: CME and small cone-shaped foveal detachments (=) are noted. F: IR + OCT
vertical scan of the right eye: CME is noted. A small number of hemorrhages are noticeable in the foveal cystoid spaces. Weakly reflective spaces are visible
in the retinal nerve fiber layer.

Image interpretation points

Soft exudates can be seen, suggesting that ischemia of the CRVO. OCT vertical scans are useful in the diagnosis of hemi-
retinal surface layer is significant. However, an area of nonper- ~ CRVO and understanding its pathology.
fusion cannot be seen with FA, therefore this is a non-ischemic
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Case 57 Branch retinal vein occlusion: Significant inner retinal layer ischemia

Right eye of a 56-year-old female with vision corrected to 0.06

Weakly reflective spaces
in the dilated venous lumen

Retinal nerve fiber layer
thickening in the soft
exudate area

Dilated retinal blood vessel

A: Color fundus photograph in the right eye: Dilation of the upper first branch of the central retinal vein and significant flame-shaped retinal hemorrhages
in the circumference of the perfusion area of this branch including the fovea centralis can be seen. Retinal hemorrhages are relatively scarce and multiple
soft exudates are observed in the central part of the perfusion area of the branch. B: FA in the right eye (1 min): Almost all arterioles, venules and capillaries
are not perfused. C: IR + OCT horizontal scan of the right eye: Hemorrhages are visible in the foveal cystoid space (*). D: IR + OCT vertical scan of the right
eye: The dilated venous lumen is weakly reflective and no blocking of the imaging beam resulting from blood flow are noted, suggesting a significant
decrease in perfusion. The retinal nerve fiber layer edema consistent with soft exudates is is thickened in a non-cystic manner. The posterior portion of the
inner layer of the retina is not only poorly defined due to the effect of blocked imaging beams resulting from the retinal hemorrhages and the increased
reflectivity of the inner retinal layer.

Image interpretation points

This is a case where retinal arterioles and venules as well as dilated and occluded vein lumen can be seen in this case,

retinal capillaries were acutely occluded, leading to the signi- suggesting that the perfusion of the veins are significantly de-
ficant retinal ischemia. As ischemia acutely progresses, the creased. The significant edema would be present in the inner
axonal flow of ganglion cells is impaired and soft exudates nuclear layer and outer plexiform layer, but are not depicted due
form. This appears as non-cystic, localized thickening of to blocking of the imaging beams by the increased reflectivity

the retinal nerve fiber layer on OCT. Weak reflectivity of the of the inner retina.
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4.2 Retinal artery occlusion

Background

Retinal artery occlusion (RAO) is a disease in which the central
retinal artery or one of its major branches is occluded. Causes of
this are considered to be embolus, thrombus, narrowing of blood
vessels, vasospasm or decreased arterial blood flow, of which
embolus is the most common cause. Many cases are due to
thrombus from arteriosclerotic plaques in the carotid artery or
cardiac valves. Bacteria (bacterial endocarditis), lipids, tumor
(cardiac mucosal tumor) and air bubbles may also cause this
disease. In young people, RAO can be associated