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Foreword

Modern OCT technology generates high-quality images and improves
visualization of the retina and choroid. Optical coherence tomography has
been adopted by ophthalmologists all over the world, and it is mainly used for
the study and treatment of posterior pole and macular diseases.

Venera A. Shaimova and her colleagues brilliantly show here the possibility
and the necessity to go beyond the central retina and to also use OCT imaging
for the study and treatment of the retinal periphery disorders. OCT assessment
and interpretation involves both a technical dimension and an intellectual aspect.

Venera A. Shaimova and the other authors wrote this atlas with these facts
in mind, to help and guide the clinician in assessing, classifying, and select-
ing OCT information. The authors gave all attention and stressed the special
importance of the visualization of peripheral retina. Peripheral degeneration
features and vitreoretinal traction are technically difficult to highlight, but are
of great importance in making appropriate diagnosis and in selecting between
laser treatment and surgical treatment strategies.

The authors have done a wonderful work in making outstanding peripheral
retina OCT scans that will help ophthalmologists recognize, localize, diag-
nose, and study lesions in peripheral parts of the retina. I am personally very
well aware of the difficulty in focusing and obtaining such beautiful images
of the far periphery. The images in this atlas are of the highest quality, show-
ing perfectly vitreal and retinal abnormalities.

The aim of this OCT atlas is to teach OCT users the use and utility of clini-
cal OCT imaging of the retinal periphery. Venera A. Shaimova’s atlas guides
the general ophthalmologist as well as the retina specialist to obtain the best
OCT views and to easily read these OCT images in both typical and atypical
aspects of the retinal periphery.

In the first chapters of this book, the authors discuss the principles of OCT,
describe the techniques of central retina and retinal periphery scanning, and
explain the settings used to obtain such high-quality images. The authors
describe the different types of vitreoretinal interface, and the pathologies
leading to retinal detachment (tractions and adhesions). Wonderful OCT
scanning of the periphery allows for the classification of the vitreoretinal
interface into different categories, thereby facilitating the identification of
risk factors for rhegmatogenous retinal detachment. Patients can then be clas-
sified into three groups: with no risk of rhegmatogenous retinal detachment,
with moderate risk requiring follow-up, and lastly a third group at high risk
requiring laser photocoagulation.
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Foreword

The following chapters review peripheral retinal degeneration classifica-
tion and show the mechanisms leading to posterior vitreous detachments and
retinal detachments. Other chapters illustrate retinal, vitreoretinal, and cho-
rioretinal degenerations. These disorders are illustrated by black-and-white,
color fundus pictures and OCT scans. An in-depth description of retinal and
vitreoretinal interface features is given. The last chapter summarizes the
place that laser treatment occupies in the management of peripheral retinal
pathologies. This chapter reviews the current and sometimes discussed indi-
cations for laser therapy, describes its frequent and rare complications, and
eventually assesses the results to expect from laser treatment.

OCT imaging of the retinal periphery has a practical and clinical interest
for the everyday practice of ophthalmology. This atlas describes how to diag-
nose diseases and when to plan for laser treatment or surgery in a variety of
peripheral retina disorders, and is aimed at quite a vast audience.

I think that this beautiful and up-to-date atlas gives a timely answer to a
widely felt clinical need.

Bruno Lumbroso

Former Director of the Rome Eye Hospital
Director of the (Private) Italian Macula Center
General Secretary of the Italian Laser Society



Preface

Dear colleagues,

This is the second edition of the atlas of Peripheral Retinal Degenerations,
based on a detailed analysis of clinical aspects obtained by SD OCT and fun-
dus photography.

Optical coherence tomography (OCT) allows to acquire high-resolution
cross-sectional images of ocular tissue structures that differ in reflectivity.
OCT scanning is effective in evaluating retinal structure, interpreting mor-
phological and reflectivity characteristics of retinal layers, and detecting
pathological changes and follow-up. This technique is mainly used in analyz-
ing pathologic conditions in macular and optic nerve areas.

We aimed to elaborate a methodology for SD OCT imaging of peripheral
retinal degenerations. Our method proved efficient in estimating the layer-by-
layer structure of peripheral retinal degenerations, condition of vitreoretinal
interface, as well as in keeping clinical records and maintaining the follow-up
control. We used OCT to detect retinal degenerations that present the highest
risk for rhegmatogenous retinal detachment, and to justify the need for pro-
phylactic laser treatment of peripheral vitreoretinal degenerations.

This atlas is a result of many years of work, and we hope that it will be
useful for ophthalmic clinicians.

Our most sincere appreciation is extended to Professor Yuri Astakhov
for his invaluable help in writing this atlas. We are infinitely grateful to
Professor Bruno Lumbroso for his attention and his most kind words.

Chelyabinsk, Russia Venera A. Shaimova
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Methods and Principles
of Peripheral Retinal
OCT-Scanning

Timur B. Shaimov, Alexey Y. Galin,
and Alexey V. Fomin

OCT-Scanning Methods

The eye examination included standard ophthal-
mic exam and spectral domain optical coherence
tomography (SD OCT) with RTVue-100
(Optovue, USA) and RT Vue XR Avanti (Optovue,
USA). The fundus photography was taken using
Nikon NF-505AF (Nikon, Japan) and VISUCAM
500 (Carl Zeiss Medical Technology, Germany)
fundus cameras.

It is essential to explain the procedure to the
patient before OCT-scanning, so that the patient
understands and meets the operator’s require-
ments. The eye pupil was dilated before the
procedure.

The method of visualizing peripheral retinal
degenerations consists of three steps:

T.B. Shaimov (D<)

Ophthalmology Department of Postgraduate
Education Faculty, South Ural State Medical
University, Chelyabinsk, Russian Federation

Center Zreniya Medical Clinic, LLC,
Chelyabinsk, Russian Federation
e-mail: timur-shaimov@mail.ru

A.Y. Galin
Center Zreniya Medical Clinic, LLC,
Chelyabinsk, Russian Federation

A.V. Fomin
Tradomed Invest, Moscow, Russian Federation

© Springer International Publishing AG 2017

Step 1 The retinal degeneration is localized by
means of indirect ophthalmoscopy using +60
D, +78 D, and +90 D lenses and a three-mirror
Goldmann lens (Fig. 1.1a, b) and depicted on
the retina degenerations scheme (Fig. 1.2a).

Step 2 SD OCT of the retinal periphery is per-
formed (Fig. 1.2b).

Step 3 SD OCT scanning results are analyzed
(Fig. 1.3).

While performing the OCT scan, the patient’s
gaze was oriented in the desired direction with the
head slightly rotated towards the area of degener-
ation (Figs. 1.2 and 1.4). If required, the OCT was
calibrated according to the patient’s refraction
prior to the procedure. We made several scans and
selected images with the highest detail. The scan-
ning direction and the axial scan depth were
adapted to the location of the retinal lesion. We
aimed to standardize the procedure by making the
scan in the optimal signal area between the hori-
zontal reference arms and aligning the B-scan
edges at the same height to ensure equal image
intensification. We used the following scanning
protocols: Line (axial length 6-12 mm), Enhanced
HD Line (axial length 12 mm), 3D Macular (scan
area 6x6 mm), and 3D Retina (scan area
7x7 mm). The maximal scan size was limited by
the optimal signal area (see above) and depended
on the location of the fundus scanning area and the
degree of pupil dilation. The automatic dioptric

V.A. Shaimova (ed.), Peripheral Retinal Degenerations, DOI 10.1007/978-3-319-48995-7_1
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Fig.1.1 (a) Lattice degeneration at the superior retina equator (right eye); (b) Scanning direction

6

Fig. 1.2 Scanning of the retinal periphery depending on the degeneration’s location; (a) Schematic location of the
degeneration; (b) Patient positioning during superior peripheral retina scanning
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Fig.1.3 OCT image of lattice degeneration (according to  margins, atrophic holes, marked thickening (hyperreflec-
OCT-scanning direction indicated by /ine in Fig. 1.1b) in  tivity area), and a shallow detachment of the neurosensory
Line protocol. Marked vitreoretinal tractions on the lesion  retina

Fig. 1.4 Gaze direction and head positioning for the OCT-scanning (right eye): (a) Central retina; (b) Inferior retina;
(c) Superior retina; (d) Medial (nasal) retina; (e) Lateral (temporal) peripheral retina
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adjustment (both unifocal and bifocal) and axial
adjustment is very important since these parame-
ters change while switching from the central retina
to the periphery (Fig. 1.4). The superior and infe-
rior fundus regions are preferably investigated in
the horizontal direction, while the temporal and
nasal regions are usually investigated in the verti-
cal direction. We shifted the scanning pattern in
the viewfinder to ensure a more precise position-
ing of the line scanner and a successful imaging of
the far-peripheral lesions. This also allowed to
perform the scanning of any part of the lesion
with no change in the patient’s gaze direction and
head positioning.

The following parameters were used in the
linear OCT-scanning:

* RTVue-100 — axial resolution: 5 pm; scanning
speed: 26,000 A-scans/s; 1,024 pixels per
A-scan; linear scanning speed: 0.038 s; averag-
ing no. of scans: 32

e RTVue XR Avanti — axial resolution: 5 pm;
scanning speed: 70,000 A-scans/s; 1,024 pix-
els per A-scan; linear scanning speed: 0.014 s;
average no. of scans: 120

To analyze OCT scans, the following morpho-
metric parameters were measured: thickness of
the unaltered retina, depth and length of the
lesion, size of the vitreoretinal traction at the site
of vitreoretinal adhesion.

It is important to mention several factors that
may influence the quality of retinal photography
and OCT scanning, such as: media transparency,
degree of pupil dilation, deep/shallow setting of
the eyes, nystagmus, head tremor, patient compli-
ance and operator’s experience.

OCT-Scanning Principles

The basic principle of SD OCT technology is to
investigate the target tissue by comparing spec-
tral characteristics of the back-reflected light
with those of the reference beam (A-scan).

The coherent light beam (laser beam) passes
through the ocular structures and is reflected, scat-
tered and/or absorbed by different tissues depend-
ing on their characteristics and depth, which
results in the interaction between the back-
reflected and scattered light and changes in the
spectral characteristics of the back-reflected light.
The reflected light with multiple “optical echoes”
is detected by the multichannel spectrometer, and
the resulting interference patterns are compared to
those of the reference beam using Fourier analysis.
The spectral differences are used to reconstruct an
A-scan, which shows the optical characteristics of
the target tissues and their location. A compilation
of A-scans represents a B-scan line. Three-
dimensional scans are obtained from the array of
cross-sectional B-scans; 3D scans have different
densities of A-scans compared to B-scans.

The majority of the OCT scans in this Atlas
were obtained using the RTVue-100 scan
(Optovue, USA). The RTVue-100 scan uses a
low-coherent infrared (IR) laser centered at a
wavelength of approximately 840 nm with a
bandwidth of 50 nm. The axial resolution of the
retinal scanning is 5 pm, and the scanning speed is
26,000 A-scans/s. The peripheral retina was usu-
ally scanned in the linear and 3D modes. Table 1.1
summarizes the characteristics of the linear and
3D scanning by RTVue-100.

Table 1.1 RTVue-100 scanning protocols

Number Maximal
of number Maximal
Scan A-scans of number
Scan range ina averaged  of lines in
protocol (mm) B-scan  scans scan
Line 2x12 1,024 32 1
Line HD 2x12 4,096 1 1
Cross line 2x12 2x1,024 16 2
3D Macular Upto 513 1 101
10x6
3D 7x7 385 1 141

Reference
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Several scans were obtained with the RTVue
XR Avanti (Optovue, USA) (Fig. 1.5). This device
incorporates the technological advances of the pre-
vious models RTVue-100 and iVue, and offers a
scanning speed of 70,000 A-scans/sec, which is
three times faster than the RTVue-100 (Table 1.2).
The Line scan size on the retina is widened to
12 mm, and the axial scan direction in the Line pro-
tocol is enhanced up to 3 mm (2 mm in the RT Vue-
100 and other models), which gives more
information on the posterior cortical layers of the
vitreous adjacent to the retina. It also improves
scanning quality in retinal detachment and bullous
retinoschisis. The enhanced axial size of the scan-
ning area improves the scanning process by mini-
mizing the impact of suboptimal light direction
(e.g., oblique lighting angle) in patients with a high
degree of myopia or in peripheral retinal scanning.

To increase the signal-to-noise ratio and the con-
trast ratio of the B-scan, multiple scanning of the

Fig.1.5 Optovue
RTVue XR Avanti

target region is performed (up to 250 scans). The
averaging algorithm analyzes the obtained B-scans
and removes the noise, resulting in high-contrast,
noise-free images. The built-in eye-tracking system
prevents blurring of the image caused by eye move-
ment during long scanning sessions. This eye-track-
ing system uses the IR camera, which recognizes
the eye movements of the patient at 30 Hz, and the

Table 1.2 RTVue XR Avanti scanning protocols

Number
of Maximal Maximal
Scan A-scans number of number of

Scan range ina averaged  lines in
protocol (mm) B-scan  scans scan
Line 2x12 1,024 250 1
Cross line 2x12 2x1,024 2x160 2
3D Retina  7x7 385 1 141
3D 12x9 320 4 320
Widefield
MCT
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optomechanical system, which scans the target reti-
nal region. This eye-tracking system also increases
the B-scan quality (Fig. 1.6).

The RTVue XR Avanti enables detailed assess-
ment of the vitreous using linear scanning in the
Enhanced HD Line protocol (Fig. 1.7). Enhanced
HD Line imaging offers the possibility to change
the point of signal enhancement and can thus reg-
ister minimal differences in tissue density (e.g., in
the vitreous). The operator uses the “Vitreous”

Fig.1.6 The number
of averaged scans and
image quality; (a) 5
averaged scans; (b) 100
averaged scans (eye
tracking enabled)

slider bar (Fig. 1.7 bottom right) to obtain high-
contrast vitreous images and to localize vitreoreti-
nal adhesions and vitreoretinal traction. Vitreous
imaging requires a certain level of experience in
manual Z-axis (dioptric) adjustment and polariza-
tion adjustment. Enhanced HD Line images are of
high clinical value in diagnosing vitreoretinal
adhesions, vitreoretinal traction, retinal tears in
peripheral degenerations (Fig. 1.8), rhegmatogenous
retinal detachment (Figs. 1.9 and 1.10), posterior

Enhanced HD Line

Signal Shangh inde

] nght fOD

& Vireous # ol Aversges: 116

I Auto Toum

optevue

Comment

Fig.1.7 OCT Enhanced HD Line scan of the vitreous in the central retina. Transverse scan length: 12 mm
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Enhanced HD Line SgnelSvonghindex 43 Right / OD

Print 1 Reepart Campatienn Camment Op-t_c_';"\.&'

Fig. 1.8 OCT Enhanced HD Line scan of lattice degeneration. Transverse scan length: 12 mm. Marked site of vitreo-
retinal adhesion and tractions

Enhanced HD Line Signal Svangh index 1 Right / OD

Frint Compatizon Comment optevue

Fig. 1.9 OCT Enhanced HD Line scan of the inferior retinal periphery. Marked vitreoretinal adhesions and tractions
over the demarcated shallow retinal detachment with a full-thickness tear
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Enhanced HD Line Signal Swanghindes

Left / OS

Print Compatizan

Fig. 1.10 OCT Enhanced HD Line scan of vitreoretinal adhesions with the edge of a flap tear in subtotal retinal

detachment

vitreous detachment, and Weiss ring (Figs. 1.11
and 1.12). Similar to the Line protocol, the size of
the scanning area in the axial direction is 3 mm,
which allows to assess the vitreous cortex and its
interrelations with the inner retinal layers. The
figures demonstrate Enhanced HD Line images of
retina and vitreous. Please note that the fundus
camera (bottom left image) is an IR camera, and
the image may differ from that seen during oph-
thalmoscopic examination.

Three-dimensional scans are obtained using
two standard methods. The first method calcu-
lates a 3D scan from an array of 2D B-scans, with
141 parallel B-scans. The second one is a patent
Motion Correction Technology (MCT) algorithm
for correcting eye micro-movements. In the
MCT-mode fundus is scanned four times: two
horizontal and two vertical scans are performed
to acquire a cubed dataset from four intermediate
3-D scans, with each scan compiled of 320 lines
(B-scans), and each line compiled of 320 A-scans
(a320%320 3D cube). The MCT algorithm anal-
yses and compares vascular maps for each of the

four intermediate 3-D scans and reduces the
effect of artifacts (image distortions, vascular
“shifts” and “tears”) associated with eye micro-
movements. Quite importantly, the motional arti-
fact correction is made in three dimensions - in
plane and axial directions, thus increasing the
quality of the En Face and ANGIO images. The
3D MCT image measures 12x9 mm. The vascu-
lar map obtained from the 3D MCT scan is used
to match the associated retinal thickness maps
and linear scans to the fundus (Fig. 1.13).

While performing peripheral retinal scanning, it
is important to correlate the scan range with the
degree of pupil dilation, distance from the scanning
area to the fovea, and the location in the vertical
and horizontal planes. Peripheral retinal scans are
usually smaller than central retinal images.

The currently available tomographs provide
both black and white (optical density coded in
gray scale) and false color images (optical den-
sity coded in different colors). The eye-tracking
system, which usually improves scanning qual-
ity, cannot always be used in peripheral retinal
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Fig.1.11 OCT Enhanced HD Line scan of the Weiss ring structure in posterior vitreous detachment
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Fig.1.12 OCT Enhanced HD Line scan of the complete PVD with Weiss ring
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Fig.1.13 An En Face image of the retinal vessels obtained with (a) An RTVue-100 scan in 3D Macular protocol and
(b) An RTVue XR Avanti scan in 3D Widefield MCT protocol (true to scale)

scanning, as retinal periphery lacks high-contrast
structures to track. Furthermore, peripheral scan-
ning requires the patient’s gaze point to be moved
to the periphery, which often induces nystagmus
and decreases the image quality even when the
eye tracking is enabled. Both OCT models used
in the present work have the autofocus function,
which automatically adjusts the settings accord-
ing to the patient’s refraction and eye axis. In
addition, the system optimizes the light polariza-
tion according to the predominant orientation of
the collagen fibers in the cornea. The autofocus
should be used not only during the primary pro-
cedure but also when changing the scanning
region (from the center to the optical disc or from
the center to the periphery).

B-scans allow to acquire cross-sectional
images of eye structures in the axial direction.
The En Face mode used in the Optovue tomo-
graphs enables to perform the cross-sectional
follow-up of the tissue structure. En Face images
are generated from 3D datasets through a special
algorithm that identifies a tissue layer of a cer-
tain thickness (usually several dozen of microns)
corresponding to a certain anatomical structure
(e.g., pigment epithelium). The identified layer
“outlines” the anatomical structure of interest,
which gave the name to the term “En Face.” The
operator can manually examine the upper and
lower layers of interest, thus evaluating over-
and underlying structures. En Face images pro-

vide information on the irregularities of the
assessed anatomical structures and the adjacent
retina as well as on the location of pathological
changes and their relation to the retina and vitre-
ous, among other parameters. The quality (layer
resolution) of En Face images depends on the
number of B-scans in the 3D dataset. Each
B-scan corresponds to a line in the En Face
image, and the resolution increases with the
increasing number of B-scans in the 3D scan. In
some cases, only En Face images allow better
understanding of the retinal structures.

En Face OCT images provide layer-by-layer
information on the structural changes in the
peripheral retinal degenerations (e.g., snail track
degeneration). A Line scan of this degeneration is
shown in Fig. 1.14a; the En Face image of this
patient is shown in Fig. 1.14b—d.

The peripheral laser photocoagulation was
performed using a diode-pumped frequency-
doubled Nd:YAG laser GLX (IRIDEX, USA).
The laser adapter (with a 50-500-pm retinal spot
diameter), with parfocal revolving optics, was
installed on the slit lamp SL 990 5x (CSO, Italy)
with an overhead lightsource. The pulse power
was set between 30 mW and 1.5 W (ranging
mostly from 50 to 140 mW); the pulse duration
was >30 ms depending on the desired laser spot
diameter (100-150 ms in most cases). For the
peripheral laser photocoagulation, the Goldmann
and panfundus lenses were used.
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Fig.1.14 (a) OCT Line image of a peripheral snail-track
degeneration. The retinal surface within degeneration is
irregular and jagged because of multiple atrophic holes in
the neurosensory retina; (b) The double red line in the
B-scan corresponds to the scanning En Face layer (the
inner layers of the neurosensory retina); (¢) OCT En Face
image of the snail track degeneration. The multiple dark
areas merge and correspond to the neurosensory retina

0 | EnFace | Thickness

Thickness  RPE Elevation
- 25 ) T o W T

thinning within the lesion. The green line corresponds to
B-scan No 60 in (b); (d) The double red line in B-scan
shows the outer layers of the neurosensory retina and indi-
cates the position of the En Face image; (e) En Face
image of snail track degeneration with multiple dark irreg-
ular areas, corresponding to atrophic retinal holes. The
green line corresponds to B-scan No 61 in (d)
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Historical Overview of Optical
Coherence Tomography

in Diagnosing Peripheral Retinal
Degenerations and Vitreoretinal
Interface

Optical coherence tomography (OCT) is a high-
speed visualization method that allows to acquire
high-resolution cross-sectional images of ocular tis-
sue microstructure in the anterior and posterior seg-
ments of the eye by detecting the reflections of
infrared light [1]. Huang et al. were the first to
obtain in vitro OCT-images of the peripapillary ret-
ina in 1991 [2]. The first in vivo OCT-scans of the
optic disk and macular area were published in 1993
[3, 4]. Since then, macular and optic nerve pathol-
ogy became the focus area of the OCT [5, 6, 7].
However, recent studies showed that OCT-imaging
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may also be an accurate diagnostic tool for periph-
eral retinal degenerations [8].

Kamppeter and Jonas were the first to use
OCT in vivo (OCT 3, Zeiss Humphrey
Ophthalmic Systems, USA) to visualize periph-
eral retinal degenerations in 2004. The authors
reported a case of peripheral retinoschisis with an
outer retinal layer tear that was visualized with
OCT, and showed the effectiveness of OCT in
distinguishing choroidal nevus from choroidal
melanoma, and retinoschisis from rhegmatoge-
nous retinal detachment [9].

In 2006, Ghazi et al. studied histological sec-
tions from 11 enucleated eyes and presented
OCT (Model number 3000, Carl Zeiss
Ophthalmic Systems, USA) images of peripheral
retinal lesions (cystoid degeneration, paving-
stone degeneration and localized retinal detach-
ment) that correlated with the histopathologic
findings [10].

In 2010, Cheng et al. measured the central
retinal thickness up to 40° from the fovea in both
myopic and non-myopic eyes using OCT Stratus
(Carl Zeiss Meditec, USA) [11]. The retinal
thickness at 40° from the fovea was 7 % lower in
myopic eyes than that in non-myopic eyes and
did not depend on the presence of peripheral reti-
nal degeneration (in both groups). The authors,
however, did not make OCT scans of any periph-
eral retinal degenerations.

Muni et al. (2010) conducted a retrospective
study of three patients (five eyes) with retinopa-
thy of prematurity using a handheld (HHSD-OCT)

13

V.A. Shaimova (ed.), Peripheral Retinal Degenerations, DOI 10.1007/978-3-319-48995-7_2


mailto:shaimova.v@mail.ru

14

T.B. Shaimov and V.A. Shaimova

spectral OCT (Envisu C2300, BIOPTIGEN). The
authors found the device to be capable of assess-
ing the structural properties of the vitreoretinal
interface and the interactions of retina and vitre-
ous in tractional retinoschisis and retinal detach-
ment. The handheld SD-OCT proved to be of
value in early detection of tractional retinoschi-
sis, retinal tears, and retinal detachments as well
as in defining the indications for laser photoco-
agulation in children [12].

Landa et al. (2010) in his rare clinical case
reported OCT findings (OPKO/OTI spectral
OCT, USA) in a patient with an inferonasal bul-
lous retinoschisis in a 70-year old male that was
seen as characteristic splitting of the outer plexi-
form layer and cystoid degeneration of the inner
retinal layers [13].

Manjunath et al. (2011) examined patients
with lattice degeneration in vivo using spectral
domain (SD) Cirrus HD-OCT (Carl Zeiss
Meditec, USA) and defined the main OCT signs
of this type of retinal degeneration. They were
also the first to perform morphometric analysis
and to measure the length of subclinical retinal
detachment [14]. SD-OCT was shown to be a
useful tool for visualizing the vitreoretinal inter-
face in lattice degeneration.

Stehouwer et al. (2011) explored the possibil-
ity of using an OCT device that was integrated
into a slit-lamp (SL SCAN-1, Topcon Europe
Medical BV, Netherlands) to visualize the retinal
periphery through a three-mirror contact lens
(HAAG-STREIT AG, Koeniz, Switzerland) and a
handheld lens (Volk SuperField NC Lens) [15].
These lenses allowed to obtain good quality
images of peripheral retinal tears, retinoschisis,
retinal detachment after retinal laser photocoagu-
lation. The authors showed high diagnostic per-
formance of the OCT images similar to
histological findings.

Oster et al. (2011) conducted a retrospective
study on 11 patients (12 eyes) who underwent
SLO/SD-OCT after scleral buckling surgery due
to retinal detachment. The SD-OCT proved effec-
tive in evaluating surgery results, including resid-
ual retinal detachment, vitreoretinal traction,
retinal tears, and subretinal fluid [16].

Kothari et al. (2012) published time-domain
OCT (Stratus 3, Carl Zeiss Meditec, USA) and
SD-OCT (Cirrus, Carl Zeiss Meditec, USA)
in vivo scans of 36 eyes (28 patients) with various
peripheral retinal degenerations (lattice, snail
track, and paving-stone), retinal tears, senile reti-
noschisis, and choroidal nevus [17].
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Shaimova et al. (2013) demonstrated OCT
scanning results of peripheral retinal breaks
(RTVue-100 (OPTOVUE, USA)) in a study
involving 176 eyes [18] and peripheral retinal
degenerations (lattice degeneration, snail track
degeneration, cystoid degeneration, pathologic
hyperpigmentation, retinoschisis, paving-stone
degeneration) in a study involving 239 eyes [19].

The authors showed high diagnostic perfor-
mance of OCT in detecting structural characteris-
tics and shape of peripheral retinal degenerations
and tears, vitreoretinal adhesions and tractions,
and measuring morphometric parameters.

Fawzi et al. (2014) in their study showed that
white-without-pressure degeneration is charac-
terized by hyperreflectivity of the ellipsoid zone
(EZ), and dark-without-pressure phenomenon
causes hyporeflectivity of the EZ. One year fol-
low-up examination showed no signs of progres-
sion [20].

Choudhry et al. (2016) have recently pub-
lished a detailed analysis of high-resolution
SD-OCT images of peripheral retinal degenera-
tions and vitreoretinal interface combined with

ultra-widefield color fundus photographs
obtained with Optos Tx-200 (Optos, USA) [21].

All these international studies demonstrate the
effectiveness of OCT in assessing peripheral ret-
ina in vivo with high quality scans similar to his-
tologic images, which makes OCT a valuable
tool in estimating the vitreoretinal interface, in
the decision-making process, in treatment and
follow-up.

OCT of Peripheral Retina
in Emmetropic, Hyperopic,
and Myopic Eyes

OCT enables detailed quantitative and qualitative
analysis of the central retina. To assess the struc-
tural properties of the peripheral retina and the
thickness of retinal layers, we performed OCT-
scanning in various retinal regions (such as mac-
ula, equator, mid-periphery, and far periphery) in
patients with emmetropia, moderate hyperopia,
and moderate myopia. The procedure was per-
formed on otherwise healthy volunteers.
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Emmetropia

A 35-year-old male presenting with no
complaints.

OD: VA, sc 20/20; axial length (AL), 23.5 mm.
Clear media.

OCT Scan Description (Fig. 2.1)

Scan 1 Macular area The foveal pit retains a
normal profile. All retinal layers are clearly dis-
tinguished. Retinal pigment epithelium (pig-
ment epithelium) is smooth. Retinal vessels are
observed as shadows parafoveally and perifove-
ally. The average foveal and parafoveal retinal
thickness is 222 pm and 355 pm, respectively.

Scan 2 Equatorial area The retinal surface
is smooth. Hyperreflective layers of the pig-
ment epithelium, photoreceptors, and neuro-
epithelium are observed. Retinal vessels are
observed as shadows. The posterior hyaloid
membrane is adherent. Large choroidal ves-
sels are identified. The average retinal thick-
ness is 171 pm.

Scan 3 Mid-peripheral area The retinal sur-
face is smooth. The inner and outer layers of the
neuroepithelium are poorly distinguished. Retinal
vessels are observed as shadows. The posterior
hyaloid membrane is intact. Medium-sized cho-
roidal vessels are identified. The average retinal
thickness is 155 pm.

Scan 4 Far peripheral area The retinal sur-
face is smooth. The inner and outer layers of
the neuroepithelium are poorly distinguished.
Retinal vessels and small choroidal vessels are
identified. The average retinal thickness is
132 pm.

Conclusion

The retinal layers are more clearly distinguished
in the central retina and equatorial area. The reti-
nal thickness gradually decreases from the center
to the periphery. The equatorial area is 2 times
thinner, the mid-peripheral area is 2.3 times thin-
ner, and the far-peripheral area is 2.7 times thin-
ner than the parafoveal area.
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Fig.2.1 OCT of the retina in emmetropic patient. Scan 1 ~ Scan 3 Mid-peripheral area. The average retinal thickness
Macular area. The average foveal and parafoveal retinal  is 155 pm. Scan 4 Far peripheral area. The average retinal
thickness is 222 pm and 355 pm, respectively. Scan 2  thickness is 132 pm

Equatorial area. The average retinal thickness is 171 pm.
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Moderate Hyperopia

A 37-year-old male complaining of deterioration
of distance and near vision.

OD: VA, sc 20/200, cc 20/20 with +4.5 sph;
AL, 21.9 mm.

OCT Scan Description (Fig. 2.2)

Scan 1 Macular area The foveal pit retains a nor-
mal profile. All retinal layers are clearly distin-
guished. The pigment epithelium is smooth. Retinal
vessels are observed as shadows parafoveally and
perifoveally. The average foveal and parafoveal reti-
nal thickness is 245 pm and 375 pm, respectively.

Scan 2 Equatorial area The retinal surface is
smooth. Hyperreflective layers of the pigment epi-
thelium, photoreceptors, and neuroepithelium are
observed. Retinal vessels are observed as shadows.
Large and medium-sized choroidal vessels are
identified. The average retinal thickness is 193 pm.

Scan 3 Mid-peripheral area The retinal sur-
face is smooth. The inner and outer layers of the

neuroepithelium are distinguishable. Retinal ves-
sels are observed as shadows. Medium-sized
choroidal vessels are identified. The average reti-
nal thickness is 174 pm.

Scan 4 Far peripheral area The retinal surface
is smooth. The inner and outer layers of the neu-
roepithelium are distinguishable. Retinal vessels
and small choroidal vessels are identified. The
average retinal thickness is 151 pm.

Conclusion

Retinal OCT in moderate hyperopia demon-
strates decreasing retinal thickness from the cen-
ter to the periphery. The equatorial area is 1.9
times thinner, the mid-peripheral area is 2.2 times
thinner, and the far peripheral area is 2.5 times
thinner than the central retina. Retinal thickness
in patients with moderate hyperopia is 9 % higher
in the foveal area, 5.4 % higher in the parafoveal
area, 11.4 % higher in the equatorial area, 10.9 %
higher in the mid-peripheral area, and 12.6 %
higher in the far peripheral area than that in
patients with emmetropia.
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scani

Fig.2.2 OCT of the retina in hyperopic patient. Scan 1 ~ Scan 3 Mid-peripheral area. The average retinal thickness
Macular area. The average foveal and parafoveal retinal ~ is 174 pm. Scan 4 Far peripheral area. The average retinal
thickness is 245 pm and 375 pm, respectively. Scan 2  thickness is 151 pm

Equatorial area. The average retinal thickness is 193 pm.
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Moderate Myopia

An asymptomatic 36-year-old female complain-
ing of low distance vision.

OD: VA, sc 20/200, cc 20/20 with —5.5 sph;
AL, 25.8 mm.

OCT Scan Description (Fig. 2.3)

Scan 1 Macular area The foveal pit retains a nor-
mal profile. All retinal layers are clearly distin-
guished. Pigment epithelium is smooth. Retinal
vessels are observed as shadows parafoveally and
perifoveally. The average foveal and parafoveal reti-
nal thickness is 208 pm and 302 pm, respectively.

Scan 2 Equatorial area The retinal surface is
smooth. Hyperreflective layers of the pigment
epithelium, photoreceptors, and neuroepithelium
are observed. Retinal vessels are observed as
shadows. The posterior hyaloid membrane is
intact. Large choroidal vessels are identified. The
average retinal thickness is 161 pm.

Scan 3 Mid-peripheral area The retinal sur-
face is smooth. The inner and outer layers of the

neuroepithelium are distinguishable. Retinal ves-
sels are observed as shadows. The posterior hya-
loid membrane is intact. Medium-sized choroidal
vessels are identified. The average retinal thick-
ness is 145 pm.

Scan 4 Far peripheral area The retinal surface
is smooth. The inner and outer layers of the neu-
roepithelium are not distinguishable. Retinal ves-
sels and small choroidal vessels are identified.
The average retinal thickness is 126 pm.

Conclusion

Retinal OCT in moderate myopia demonstrates
decreasing retinal thickness from the parafoveal
area to the periphery. The equatorial area is 1.9
times thinner, the mid-peripheral area is 2.1 times
thinner, and the far peripheral area is 2.4 times
thinner than the central retina. The average reti-
nal thickness in patients with moderate myopia is
6.3 % lower in the fovea, 14.9 % lower in the
parafovea, 5.9 % lower in the equatorial area,
6.5 % lower in the mid-peripheral area, and 4.5 %
lower in the far peripheral retina than that in
patients with emmetropia.
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scan 4

Fig. 2.3 OCT of the retina in myopic patient. Scan 1 ~ Scan 3 Mid-peripheral area. The average retinal thickness
Macular area. The average foveal and parafoveal retinal  is 145 pm. Scan 4 Far peripheral area. The average retinal
thickness in is 208 pm and 302 pm, respectively. Scan 2 thickness is 126 pm

Equatorial area. The average retinal thickness is 161 pm.



22

T.B. Shaimov and V.A. Shaimova

OCT of Vitreoretinal Interface
in Peripheral Retinal Degenerations

Pathologic changes of the vitreoretinal inter-
face play an important role in the development
of rhegmatogenous retinal detachment in
patients with peripheral retinal degenerations
[10, 21].

Normally, the vitreoretinal interface consists
of the retinal internal limiting membrane and
the tightly adjacent posterior hyaloid mem-
brane. The results of morphohistological stud-
ies confirmed that the collagen fibrils of the
posterior hyaloid membrane reach the sub-
membrane space and penetrate in the internal
limiting membrane, which is the basement
membrane of the endfeet of the retinal Muller
cells [22].

The use of OCT scanning provided invalu-
able data on normal and pathological condi-
tions of the vitreoretinal interface in the central
retina [5, 21]. In the recent years only few
researches were made on the OCT-scanning of
the peripheral retina and vitreoretinal interface
[9, 18, 20, 21].

After a detailed analysis of OCT scans of the
peripheral retina, the following vitreoretinal
interface types were identified:

e Type | — transparent vitreous with no tractions
(Fig. 2.4);

e Type 2 — partial posterior vitreous detachment
(PVD) without vitreoretinal traction (Fig. 2.5);

e Type 3 — complete PVD without vitreoretinal
traction (Fig. 2.6);

e Type 4 — vitreoretinal traction and locally
liquefied vitreous (lacuna) above the degen-
erative lesion (Fig. 2.7);

e Type 5 —vitreoretinal adhesions, fibrotic folds,
and pseudocysts (Fig. 2.8);

e Type 6 — pseudocysts with marked vitreoreti-
nal traction (Fig. 2.9);

e Type 7 — atrophic retinal hole, marked trac-
tion, and vitreoretinal adhesions (Fig. 2.10);

e Type 8 —full-thickness operculated retinal tear
(Fig. 2.11);

e Type 9 — flap tear with vitreoretinal traction
(Fig. 2.12).

According to these types, three risk groups are
distinguished depending on the risk of rheg-
matogenous retinal detachment: group I with no
risk of rhegmatogenous retinal detachment (types
1 and 3), group II with moderate (borderline) risk
requiring follow-up (types 2, 4, and 8), and group
III (types S, 6, 7, and 9) with high risk requiring
retinal laser photocoagulation.

Fig.2.5 Partial posterior vitreous detachment
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Fig.2.6 Complete posterior vitreous detachment

——

Fig.2.7 Vitreoretinal tractions at the edge of the degenerative lesion

¥

Fig.2.8 Vitreoretinal adhesions and fibrotic folds

Fig.2.9 Pseudocysts with severe vitreoretinal traction

Fig.2.10 Atrophic retinal hole, marked traction, and vitreoretinal adhesions
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Fig.2.11 Full-thickness operculated tear with an operculum attached to the posterior hyaloid membrane and floating
in the vitreous; no traction near the tear

Fig.2.12 Flap tear with a separated operculum, vitreoretinal traction and shallow retinal detachment
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Peripheral Retinal Degenerations

as a Risk Factor

for Rhegmatogenous Retinal

Detachment

Venera A. Shaimova

Peripheral retinal degenerations are considered a
risk factor for rhegmatogenous retinal detach-
ment [1, 2]. Rhegmatogenous retinal detachment
(RRD) is the separation of the neurosensory ret-
ina from the retinal pigment epithelium by a thin
layer of subretinal fluid. The annual incidence of
RRD varies between 6.3 and 18.2 cases per
100,000, with an age-specific peak of 52.5 cases
per 100,000 in the age group of 55-59 years
[3-5].

According to the literature, retinal detach-
ment can be caused not only by retinal tears, but
also by the condition of vitreoretinal interface,
and the presence of proliferative vitreoretinopa-
thy [6-8]. Vitreoretinal interrelations include
two antagonistic forces: vitreous changes on the
one side, and choroidal pump (factors that keep
the retina in its place) and interphotoreceptor
matrix (that ensures close contact between cone
and rod photoreceptor cells and pigment epithe-
lium interface) on the other side. Choroidal
pump consists of three factors: choroidal
osmotic pressure, hydrostatic pressure of retinal
vessels and active transport of substances
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through the pigment epithelium. Vitreous
changes include vitreous syneresis, posterior
vitreous detachment, and vitreous traction
[9-11].

It is the interaction between vitreoretinal trac-
tion and a fragile area in the peripheral retina — a
predisposing lesion — that causes retinal tears.
The tear occurs at the sites of vitreoretinal adhe-
sion in the peripheral retinal degeneration, when
during anomalous posterior vitreous detachment,
the liquefied synchytic fluid penetrates into the
retrohyaloid space forcing down the solid vitre-
ous gel. [5, 12].

At the same time, the shifted vitreous layers
pull the site of vitreoretinal adhesion of the
peripheral retinal degeneration, leading to a flap
tear or an operculated tear [10]. Flap tears are
associated with persistent retinal traction (Figs.
3.1a and 3.2a), in contrast to operculated tears,
that are characterized by the absence of traction,
which is eliminated when the site of vitreoretinal
adhesion is torn away form the peripheral retinal
degeneration (Figs. 3.1b and 3.2b). The retinal
tear alone without at least partial vitreous lique-
faction and tractions is not sufficient enough to
cause retinal detachment [5].

The RRD develops when liquefied vitreous
humor accelerated by rotary eye movements passes
through the retinal tear or retinal holes (Fig. 3.3a)
into the subretinal space and detaches (Fig. 3.3b)
the neurosensory retina from the underlying pig-
ment epithelium (Figs. 3.4, 3.5, and 3.6) [6, 10].
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Fig.3.2 Schematic image of peripheral retinal tears in PVD: (a) Flap tear; (b) Operculated tear

Fig.3.3 Schematic image of RRD: (a) Local detachment; (b) Detachment progresses to the central retina
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Fig.3.4 Color fundus images: (a) Subtotal retinal detachment with a giant flap tear; (b) Local retinal detachment with
a flap tear and a demarcation line
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Fig. 3.5 (a) Color fundus image of the superior retinal
detachment with a flap tear; (b) Scanning direction; (c)
OCT images Scan 1 Central retina. The detachment of
para- and perifoveal neurosensory retina (red circle); mul-
tiple folds observed on the external retinal surface (green
arrow); Scan 2 Detached retina with an overhanging flap

scamn 2

tear (blue arrow). Tear margins represented by the neuro-
sensory retina (green arrow) with intraretinal cavities (red
cross); retinal detachment cavity (red circle) and marked
vitreoretinal adhesion with traction at the tear margins
(red asterisks)
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Fig. 3.6 (a) Color fundus image of retinal detachment
with macula involved; lattice degeneration with multiple
tears seen in the inferonasal retina; (b) Scanning direc-
tion; (¢) OCT images Scan 1 Neurosensory retina
detached (green arrow) from the retinal pigment epithe-
lium up to the macula, with a large cavity (red circle)
between the layers. Multiple hyporeflective irregular cavi-

ties in the neuroepithelium (red cross). Dense retinal pig-
ment epithelium at the fovea (red arrow). Scan 2 Detached
neuroepithelium corresponding to the lattice degeneration
with tears (red crescent), intraretinal cavities in neurosen-
sory retina (red cross), and marked vitreoretinal traction
(red asterisk)
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The most common risk factors for RRD include
vitreous liquefaction, posterior vitreous detach-
ment, retinal tears (flap tears, dialysis), lattice
degeneration, cystic retinal tufts, degenerative reti-
noschisis, myopia, aphakia, pseudophakia,
Nd:YAG laser posterior capsulotomy, RRD of the
fellow eye, family history of RRD, systemic dis-
eases, and peripheral vitreochorioretinal degenera-
tions [1, 10].

The main causes for vitreous liquefaction
(synchysis) are advanced age, myopia, eye inju-
ries, and chronic inflammation [12]. Several stud-
ies claim that synchysis is associated with the
depolymerization of hyaluronic acid leading to
structural changes of the vitreous [13, 14].
Posterior vitreous detachment usually manifests
with photopsias (flashing lights), floaters or
blurry vision. Photopsias arise from the mechani-
cal stimulation of vitreoretinal traction on the
retina, and floaters are shadows on the retina cast
by vitreous opacities: blood, glial cells, aggre-
gated collagen fibers.

Peripheral retinal degenerations with vitreo-
retinal adhesions and tractions are associated
with the highest risk of rhegmatogenous retinal
detachment [8, 9, 15]. We can recognize these
high-risk forms of degenerations if we perform a
careful OCT study of their morphology and pro-
gression, thus preventing retinal detachment
[16-20].

In this atlas we explore the interrelations
between vitreous and retina in most common
peripheral retinal degenerations by means of
OCT imaging and reveal the most severe degen-
erations with increased risk of RRD.

Classifications of Peripheral Retinal
Degenerations

The first classifications of peripheral retinal
degenerations were proposed by Halpern [21]
and Duke-Elder et al. [22]. These classifications
were based on the histological studies of periph-
eral degenerations in asymptomatic patients pub-

lished by Okun (1960, 1961) and Rutnin (1967)
[23-26].

There is currently no universally accepted
classification system of peripheral retinal
degenerations.

Upon careful consideration of various pub-
lished classifications, we have chosen several
major features they all have in common. These
features include:

1. Location: equatorial, peripheral, and com-
bined degenerations [1].

2. Pathomorphology: trophic, tractional,
trophic-tractional degenerations [27]; atro-
phic, tractional, and combined degenerations
[28].

3. Depth of retinal changes: intraretinal, vitreo-
retinal, chorioretinal [2, 29]; retinal, vitreo-
retinal, chorioretinal [30]

4. Risk of retinal detachment: lesions predis-
posing to retinal detachment, lesions not
predisposing to retinal detachment [11, 31,
32]; conditions that affect the outer retina
(low risk of detachment) and conditions that
affect the inner retina (high risk of detach-
ment) [15].

5. Prognosis: progressive and stationary (non-
progressive) [1].

6. Combined classification:
(a)Pathomorphology: peripheral chorioretinal

degenerations and peripheral vitreochorio-
retinal degenerations;

(b)Degenerations with low (A), moderate (B),

and high risk (C) of detachment and tears;

(c)Degree of intensity of changes: grades [-V

degenerations [33].

After many years of analyzing OCT images of
peripheral retinal degenerations, we have come
to the conclusion that classification based on the
depth of retinal changes has proved to be the
most useful and accurate in interpreting results of
OCT scanning [2, 29, 30]. We use this layer-by-
layer scanning principle to describe OCT-images
and we offer the following types of peripheral
retinal degenerations:
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. Intraretinal degenerations

1.1. Senile retinoschisis

1.2. White-without-pressure

1.3. Dark-without-pressure

1.4. Peripheral cystoid degeneration
1.5. Snowflake degeneration

1.6. Pearl degeneration

. Vitreoretinal degenerations

2.1. Snail-track degeneration

2.2. Lattice degeneration

2.3. Retinal tufts

2.4. Peripheral retinal breaks

. Chorioretinal degenerations

3.1. Paving-stone degeneration

3.2. Hypertrophy of the retinal pigment
epithelium

Honeycomb degeneration
Peripheral retinal drusen

3.3.
3.4.
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Senile Retinoschisis

Senile retinoschisis (SR, degenerative, or acquired
retinoschisis) is splitting of the neurosensory ret-
ina into layers separated by thick fluid [1-3].
Retinoschisis develops as a progression of periph-
eral cystoid degeneration in the outer plexiform or
inner nuclear layer when the glial supporting ele-
ments stretch, Miiller cells break and there appear
shallow cavities splitting the retina [4-9].

SR (Table 4.1) is estimated to affect 1.6-7 %
of general population and is more commonly
found in patients aged 40 and older [10-12]. This
condition mostly affects hyperopic eyes (70 %),
is usually bilateral, asymptomatic and found in
the inferotemporal, or less commonly in the
superotemporal quadrants [3, 12, 13].

There is currently no universally accepted
classification of retinoschisis. Astakhov et al.
(2004) proposed the classification of the SR
based on the following features [4]:

1. Presence of retinal tears: in the inner, outer, or
both layers, and without tears

2. Disease progression: non-progressive with reti-
nal scarring, progressive without demarcation,
complicated (vitreous haemorrhage, intracystic
hemorrhage, and retinal detachment)

Development: primary or secondary
Location: central, peripheral, or combined
Type: flat or bullous

Affected side: unilateral or bilateral

oW kAW

SR may be associated with retinal detachment.
According to various authors, SR is found in
rhegmatogenous retinal detachment in 2.5-10.5 %
of cases [4, 6], but may be considered the primary
cause in only 0.05-2.5 % of cases [11, 14].

At the present moment there is no consensus on
the best treatment of senile retinoschisis [15]. The
majority of authors consider that retinoschisis
should be treated in case of symptomatic, progres-
sive retinal detachment threatening the macula [11,
14]. The lateral and central barring or treatment of
the margins of an outer retinal break should be
avoided [16]. Some experts strongly advocate indi-
vidual approach in treating retinoschisis [17].

There are several studies claiming that high
resolution OCT may be successfully used for the
timely diagnosis of retinoschisis, differentiating
it from retinal detachment and identifying breaks
in its layers [18-20].
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Table 4.1 Diagram of peripheral retinal degenerations
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16.
17.

18.
19.

. Retinal dialysis

. Peripheral cystoid degeneration
. Retinal detachment

. Retinal drusen

. Full-thickness tear

. Paving-stone degeneration

. Lattice degeneration

. Bullous retinoschisis

. Flat retinoschisis

10.

White-without-pressure

. Retinal tuft

. Snail-track degeneration

. Pearl degeneration

. Flap tear

. Grouped congenital
hypertrophy of the retinal
pigment epithelium (“bear
tracks”)

Snowflake degeneration

Unifocal hypertrophy of the
retinal pigment epithelium

Atrophic retinal hole
Haemorrhage

20. Preretinal fibrosis

21.

Honeycomb degeneration

22. Operculated retinal tear

23.

Dark-without-pressure

24. Unifocal atrophy of the retinal

pigment epithelium

Degenerative retinoschisis is highlighted in yellow: sector 8 — bullous retinoschisis; sector 9 — flat retinoschisis
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Case 1. Flat Two-Layer Retinoschisis

A 54-year-old male patient was referred for
decreased visual acuity in his left eye. During
examination, moderate hyperopia and flat reti-
noschisis in his left eye were diagnosed.

Ophthalmoscopic Findings (Fig. 4.1a, b)
A slightly elevated whitish retinal area with
blurred borders is observed in the peripheral tem-
poral quadrant (2—4 o’clock) of the left eye.

OCT Scan Description (Fig. 4.1¢, d)

The retinal profile is irregular. Intraretinal hypore-
flective cavities split the neurosensory retina into
two layers: the inner layer and the outer layer.
Presumably, elongated Miiller cells are seen in the
cavity. Pigment epithelium is destroyed and thick-
ened. The vitreous has irregular density and is
detached from the retina. There is no vitreoretinal
traction.

OCT Scan Details (Fig. 4.1¢c, d)

*Layers of moderate reflectivity (increased
density) in the vitreous over the split retina

Elevated inner layers of the neurosensory retina
*ntraretinal hyporeflective cavities separating
the inner and outer layers of the neurosensory

retina

ﬁAreas of thickening and redistribution of the
pigment epithelium

’Irregulax and jagged layer in the outer layers of
the neurosensory retina
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Fig.4.1 (a) Flat retinoschisis. (b) Scanning (yellow line) of the elevated area in the temporal peripheral retina, left eye.
(¢, d) OCT-scanning line corresponding to the elevated area
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Case 2. Flat Retinoschisis with
Snowflake Degeneration

A 37-year-old female patient with bilateral moder-
ate hyperopia and incomplete posterior vitreous
detachment presented with the main complaint of
floaters affecting her both eyes.

Ophthalmoscopic Findings (Fig.4.2a, b)
An elevated grayish retinal area with blurred bor-
ders is observed in the inferior quadrant of the
mid-peripheral retina of the right eye. Multiple
white deposits are scattered over the degenerated
surface and look like “snowflakes”.

OCT Scan Description (Fig. 4.2¢)

Scan 1 The retinal surface is smooth and thick-
ened. Multiple hyporeflective cylindrical cavities
splitting the retina into two layers are seen in the
center of the scan.

Scan 2 The retinal surface is smooth, the ele-
vated area enlarged. There are multiple intrareti-

nal hyporeflective cylindrical cavities between
the inner and outer layers of the neurosensory
retina. Multiple hyperreflective deposits in the
outer plexiform layer are present. Destructive
changes are seen in the vitreous, and there is no
vitreoretinal traction.

OCT Scan Details (Fig. 4.2¢)
*Layers of increased density in the vitreous

Elevated inner layers of the neurosensory
retina

’Irregulax and jagged surface of the outer layers
of the neurosensory retina

Fntraretinal hyporeflective cavities separating
the inner and outer layers of the neurosensory
retina

ﬁDense outer plexiform layer with hyperreflec-
tive spot-like deposits
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scani

Fig. 4.2 (a) Flat retinoschisis with snowflake degeneration. (b) Lines indicate OCT-scanning direction. (¢) OCT-
scanning results according to the lines direction in (b)
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Case 3. Flat Three-Layer
Retinoschisis

A 56-year-old female patient was referred for low
vision in her right eye. Ocular examination
revealed mild hyperopia, early-stage cortical cata-
ract, and bilateral retinoschisis.

Ophthalmoscopic Findings (Fig. 4.3a, b)

A grayish line of a slightly elevated retina is
observed in the far peripheral temporal retina of
the right eye.

OCT Scan Description (Fig. 4.3¢)

Scan 1 The OCT scan shows retinoschisis sec-
ondary to cystoid degeneration. The retina is
slightly elevated because of multiple hyporeflective
cylindrical cavities in the inner plexiform layer of
the neurosensory retina, that pass into splitting
(schisis) of the retina into two layers: the inner and
outer layers of the neurosensory retina. Vitreoretinal
traction is not seen.

Scan 2 Three-layer retinoschisis. The retina is
elevated because of three-layer splitting: multiple
intraretinal cavities in the inner and outer nuclear
layers separated by the dense outer plexiform
layer.

OCT Scan Details (Fig. 4.3¢)
Dense inner layers of the neurosensory retina

*ntraretinal hyporeflective cavities separating
the inner and outer layers of the neurosensory
retina

ﬁDense outer plexiform layer separated from
other layers of the neurosensory retina by
hyporeflective cavities

ﬂPhotoreceptor layer destruction. As intrareti-
nal cavities grow in size, this destruction
becomes more distinct
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scan 2

Fig. 4.3 (a) Flat retinoschisis. (b) Lines indicate OCT-scanning direction. (¢) OCT-scanning results according to the
lines direction in (b)
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Case 4. Bullous Retinoschisis

A 35-year-old male patient with moderate hyper-
opia and incomplete posterior vitreous detach-
ment presented with complaints about mild
floaters affecting his both eyes.

Ophthalmoscopic Findings (Fig. 4.4a, b)

A clearly outlined, elevated cystoid area
darker than the adjacent retina is seen in the
temporal quadrant of the left eye. The retinal
vessels are seen over the surface of the bullous
formation.

OCT Scan Description (Fig. 4.4c, d)
The retinal surface is slightly elevated by multi-
ple cylindrical cavities with hyporeflective con-
tent in the neurosensory retina. There is a clearly
seen flat splitting into inner and outer layers of
the neurosensory retina. This splitting progresses
into a large cavity with hyperreflective content
separated from the underlying tissues by what
supposedly is the dense outer plexiform layer.
Multiple dense and slightly elevated pigment
epithelium areas are seen at the borders of

degeneration. The ellipsoid zone is destructed.
No vitreoretinal traction is seen.

OCT Scan Details (Fig. 4.4c, d)
Elevated inner layers of the neurosensory retina

OLarge hyporeflective cavity between the inner
and outer layers of the neurosensory retina

’Photoreceptor layer destruction in the area of
the hyporeflective cavity

Fntraretinal hyporeflective cavities splitting the
inner and outer layers of the neurosensory
retina

’Dense outer plexiform layer separated from
other neurosensory retinal layers by hypore-
flective cavities

ﬁAreas of increased density and slight elevation
of the pigment epithelium
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Fig.4.4 (a) Bullous retinoschisis. (b) Line indicates OCT-scanning direction. (¢, d) OCT-scanning results according to
the line direction in (b)
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Case 5. Flat Retinoschisis with
Subclinical Retinal
Detachment

A 49-year-old male patient complained of central
vision loss in his right eye. During examination,
moderate myopia, early-stage cortical cataract,
and far peripheral retinoschisis with subclinical
retinal detachment were diagnosed.

Ophthalmoscopic Findings (Fig. 4.5a, b)

A slightly elevated grayish area with blurred bor-
ders is observed in the far peripheral retina of the
inferotemporal quadrant of the right eye.
Laterally, there is a clearly outlined red area imi-
tating a giant retinal tear.

OCT Scan Description (Fig. 4.5¢)

Scan 1 The outer retinal layers are irregular.
Two cavities separated by a thin layer of
neurosensory retina are observed. The cavity on
the right developed from the splitting of the neu-
rosensory retina, whereas the one on the left
resulted from the complete detachment of the
neurosensory epithelium layer from the pigment
epithelium.

Scan 2 The transition of retinoschisis to retinal
detachment (left part of the scan) is shown, the
detached retina is dense. There are no signs of
vitreoretinal tractions and adhesions. Local area
of destructive changes in the pigment epithelium

and hyperreflective choroid in the area of retinos-
chisis are observed.

OCT Scan Details (Fig. 4.5¢)

OLarge hyporeflective cavity between the inner
and outer layers of the neurosensory retina

‘The outer layers of the neurosensory retina
with irregular, jagged surface

’ Destroyed photoreceptor layer next to retinos-
chisis border

AHyporeﬂective outer retinal layers, pigment
epithelium, and choroid, at the level of pre-
sumably retinal vessels and dense parts in the
inner retinal layers

*ntraretinal hyporeflective cavities splitting the
inner and outer layers of the neurosensory
retina

ﬁDetached and dense neurosensory retina

ﬁAreas of dense and slightly elevated pigment
epithelium

Elevated and dense inner layers of the neuro-
sensory retina separated from the outer layers
by a hyporeflective cavity



4 Intraretinal Degenerations 47

scani

Fig. 4.5 (a) Flat retinoschisis with subclinical detachment of the neurosensory epithelium. (b) Lines indicate OCT-
scanning direction. (¢) OCT-scanning results according to the line direction in (b)
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Case 6. Bullous Retinoschisis
Progressing into a Retinal
Detachment with Fibrosis

A 67-year-old female patient presented with
complaints about floaters and occasional flashes
of light affecting her right eye for 2 days. During
examination, pseudophakia was diagnosed, OD:
VA, sc 20/20.

Ophthalmoscopic Findings (Fig. 4.6a, b)
An elevated area of the split retina extending to
the mid- and far peripheral retina is observed at
the equator and inferotemporal quadrant of the
right eye. The medial border of the retinal split
is white-gray and clearly outlined with the area
of grayish and loose retina seen at its
periphery.

OCT Scan Description (Fig. 4.6¢)

Scan1 The retinal surface is raised up. Medially,
there are multiple cylindrical elongated cavities
at the neurosensory retina level and a schisis of
the outer and inner layers progressing into a large
hyporeflective cavity.

Scan 2 There is a tear of the outer layer of the
neuroepithelium in the area of retinoschisis. The
retina is detached.

OCT Scan Details (Fig. 4.6¢)
Elevated inner layers of the neurosensory retina
OLarge hyporeflective cavity between the
inner and outer layers of the neurosensory

retina

’Inner layers of the neurosensory retina with
irregular, jagged surface

ﬂ Pigment epithelium destruction at the retinos-
chisis border

*ntraretinal hyporeflective cavities splitting the
inner and outer layers of the neurosensory retina

ﬁDetaChed and dense neurosensory retina

ﬁThe tear of the outer layers of the neurosensory
retina
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Fig.4.6 (a) Bullous retinoschisis progressing into a retinal detachment. (b) Lines indicate OCT-scanning direction. (c)
OCT-scanning results according to the lines direction in (b)
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White-Without-Pressure
Degeneration

White-without-pressure degeneration (Table 4.2)
is an optical phenomenon in retinal periphery
characterized by the fundus color change from
orange-red to translucent white without a
mechanical stimulus [21]. This degeneration is
commonly found in the post equatorial area at the
base of the vitreous and ora serrata, and may be
focal or affect the entire segment of the periph-
eral retina [22].

Different sources give different data on the
prevalence of white-without-pressure degenera-
tion. Some authors report that this degeneration
is found in up to 30 % of normal eyes and is
usually bilateral [10]. Other authors claim that
white-without-pressure is more frequently diag-
nosed in young individuals (less than 19 years
of age — 36 %, 20-39 years of age — 35 %) and
there is a definite correlation with the axial
length: there were no cases of degeneration in
eyes with the shortest axial length of 21 mm and
a 54 % incidence in eyes with axial length of
>33 mm [22].

This degeneration is widespread, its occur-
rence in the peripheral retina was first described
by Rutnin and Schepens (1967) and Nagpal
(1976), however, the clinicopathologic interrela-
tions in this group still remain unclear [23-25].
According to some authors the changes of retina
color from orange-red to translucent white or
gray-white are due to vitreous traction, and

appear more often in African-Americans [1, 26],
whereas other authors explain the retina whiten-
ing by increased density of collagen fibrils at the
inner retinal surface [10].

There are reports of a circumferential dark-red
band around the area of degeneration that may
give a false impression of linear retinal tear [21].

Currently there is no universally accepted
classification of white-without-pressure. This
degeneration is considered by some authors to be
benign [27], with no risk of rhegmatogenous reti-
nal detachment [21]. Other experts consider it a
trophic-tractional phenomenon [28], or vitreo-
retinal degeneration [29] with the risk of linear
and giant retinal tears along the posterior margin
of the lesion [3].

OCT imaging plays an important role in
studying white-without-pressure degeneration.
OCT-scanning results have shown that the whit-
ish areas in equatorial and peripheral retina cor-
respond to hyperreflective outer retinal layers and
ellipsoid zone with no signs of vitreous traction
[25, 30].

It is therefore ascertained that white-without-
pressure is not associated with vitreoretinal trac-
tion and increased risk of retinal detachment, so
this degeneration is not considered an indication
for prophylactic laser photocoagulation [10, 21,
31]. The patient should be routinely examined
every 1-2 years, informed about the symptoms
of a retinal tear or detachment and asked to have
his retina examined if these symptoms occur
[21].
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Table 4.2 Diagram of peripheral retinal degenerations

. Retinal dialysis

. Peripheral cystoid degeneration
. Retinal detachment

. Retinal drusen

. Full-thickness tear

. Paving-stone degeneration

. Lattice degeneration

. Bullous retinoschisis
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. Flat retinoschisis

10. White-without-pressure
11. Retinal tuft

12. Snail-track degeneration
13. Pearl degeneration

14. Flap tear

15. Grouped congenital
hypertrophy of the retinal
pigment epithelium (“‘bear
tracks™)

16. Snowflake degeneration

17. Unifocal hypertrophy of the
retinal pigment epithelium

18. Atrophic retinal hole

19. Haemorrhage

20. Preretinal fibrosis

21. Honeycomb degeneration
22. Operculated retinal tear

23. Dark-without-pressure
24. Unifocal atrophy of the retinal
pigment epithelium

White-without-pressure degeneration in sector 10 is highlighted in yellow
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Case 7. White-Without-Pressure

An asymptomatic 25-year-old female patient with
mild myopia. Degeneration was diagnosed during
routine examination.

Ophthalmoscopic Findings (Fig. 4.7a, b)

A wide, white retinal band without a clear border
is seen in the mid-peripheral retina of the supero-
temporal quadrant of the right eye. The retinal
vessels are not changed in terms of direction,
caliber, and color.

OCT Scan Description (Fig. 4.7c, d)
The retinal surface is smooth. A hyperreflective
ellipsoid zone is in the left part of the scan cor-

responding to the white-without-pressure lesion.
A hyporeflective ellipsoid zone is in the right part
of the scan corresponding to the normal retina. In
the center of the scan, there is a border where the
hyperreflective layer changes into hyporeflective.
No vitreoretinal tractions or adhesions are seen.

OCT Scan Details

Layer of moderate reflectivity indicating the
ellipsoid zone

’Marked hyperreflectivity of the ellipsoid
zone
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Fig.4.7 (a) White-without-pressure. (b) Line indicates OCT-scanning direction. (¢, d) OCT-scanning results according
to the position of the line in (b)
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Case 8. White-Without-Pressure
with Pigmented
Demarcation Line

An asymptomatic 20-year-old male patient with
moderate myopia. Degeneration was diagnosed
during routine examination.

Ophthalmoscopic Findings (Fig. 4.8a, b)
An area of degeneration is seen in the mid-
peripheral retina of the inferotemporal quadrant
of the right eye. The retina appears pale and ele-
vated, with a clearly outlined dark demarcation
line.

OCT Scan Description (Fig. 4.8¢, d)

The retinal surface is smooth. The ellipsoid zone
in the center of the scan is slightly elevated and
hyperreflective. The ellipsoid zone interrupts at
the level of the demarcation line (where the degen-
erated area changes into normal retina). The ellip-
soid zone at the borders of the retinal degeneration
is intact. The choroidal thickness is normal, and no
vitreoretinal tractions or adhesions are seen.

OCT Scan Details (Fig. 4.8¢, d)
Hyperreflectivity indicating the ellipsoid zone
ﬁMarked hyperreflectivity of the ellipsoid zone

K No ellipsoid zone is seen
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Fig. 4.8 (a) White-without-pressure with a demarcation line. (b) Line indicates OCT-scanning direction. (¢, d) OCT-
scanning results according to the position of the line in (b)
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Dark-Without-Pressure
Degeneration

Dark-without-pressure (Table 4.3) is a fundus
lesion that looks like a flat brown area with well-
defined margins of different forms, usually
located in the equator of the peripheral retina.
This degeneration was initially found in dark-
skinned patients and in patients with sickle cell
retinopathy [32].

According to the literature [21], dark-without-
pressure can be found immediately posterior to an
area of white-without-pressure, often as a small
dark red zone or a circumferential band around
white-without-pressure degeneration that may
give a false impression of a retinal tear. Dark-
without-pressure is generally found posteriorly to
the ora serrata (no more than 3 disc diameters),
although it may extend as far as the temporal
arcades. This degeneration is presumed to have the
same nature as the white-without-pressure lesion.

Some authors [32] consider dark-without-
pressure as a reflectivity change of retinal pigment
epithelium in the internal limiting membrane or in
other fundus areas. However, it is still unknown
what factors lead to these changes. No vascular
changes in the area of degeneration were seen in
fluorescent angiography, no vitreoretinal traction
was identified, and no structural changes of the vit-
reous above the area of degeneration were
observed.

There are usually no symptomatic complaints
in patients with dark-without-pressure and there
are no signs of pathological changes in peripheral
and central vision.

OCT provides new possibilities for diagnosing
dark-without-pressure. OCT imaging showed
hyporeflectivity of the ellipsoid zone, whereas no
changes in the vitreoretinal interface, neurosen-
sory retina layers, and choroid were observed. One
year follow-up showed no signs of progression
[24, 33].
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Table 4.3 Diagram of peripheral retinal degenerations
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. Peripheral cystoid degeneration
. Retinal detachment

. Retinal drusen

. Full-thickness tear

. Paving-stone degeneration

. Lattice degeneration

. Bullous retinoschisis
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. Flat retinoschisis

. White-without-pressure
. Retinal tuft

. Snail-track degeneration
. Pearl degeneration

— =
=

—_
[\

—_
&~ W

. Flap tear
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. Grouped congenital
hypertrophy of the retinal
pigment epithelium (“bear
tracks”)

16. Snowflake degeneration

17. Unifocal hypertrophy of the

retinal pigment epithelium

18. Atrophic retinal hole

19. Haemorrhage

20. Preretinal fibrosis

21. Honeycomb degeneration

22. Operculated retinal tear

23. Dark-without-pressure

24. Unifocal atrophy of the retinal
pigment epithelium

Dark-without-pressure degeneration in sector 23 is highlighted in yellow
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Case 9. Dark-Without-Pressure

A 23-year-old dark-skinned male patient with
severe myopia complained about low vision in
both eyes.

Ophthalmoscopic Findings (Fig. 4.9a, b)

A dark brown non-elevated area with well-
defined borders is seen in the mid-peripheral
retina of the inferior quadrant of the left eye. The
retina outside the dark brown area is of charac-
teristic white, silvery color.

OCT Scan Description (Fig. 4.9¢, d)

The retinal surface is smooth with no vitreoreti-
nal traction. Hyperreflective ellipsoid zone cor-
responds to the normal retina, and hyporeflective
ellipsoid zone corresponds to the dark-without-
pressure lesion.

OCT Scan Details (Fig. 4.9¢, d)
Hyperreflective ellipsoid zone

ﬁMarked hyporeflectivity of the ellipsoid zone
in the area of the dark-without-pressure lesion
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Fig.4.9 (a) Dark-without-pressure. (b) Line indicates OCT-scanning direction. (¢, d) OCT-scanning results according
to the line direction in (b)
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Case 10. Combined Lesion: Dark-
Without-Pressure and
White-Without-Pressure

An asymptomatic 26-year-old fair-skinned female
patient ~with mild myopia came for
a routine examination. White-without-pressure and
dark-without-pressure degenerations were revealed
on the mid-peripheral retina of her right eye.

Ophthalmoscopic Findings (Fig. 4.10a, b)

In the mid-peripheral retina of the temporal
quadrant of the right eye, normal retinal tissue
transforms into a wide white band and then into
a well-demarcated dark brown area. The white
zone appears elevated, while the dark area
seems to be retracted, imitating a retinal tear.

OCT Scan Description (Fig. 4.10c)

Scan 1 The change of the intact retinal tissue into
the white-without-pressure lesion — there is a dis-
tinct difference in the photoreceptor layer where
the normal ellipsoid zone becomes hyperreflec-
tive, indicating the white-without-pressure lesion.

Scan 2 The scan through the white-without-
pressure — there is an increased hyperreflectivity
of the ellipsoid zone.

Scan 3 The border between the dark-without-
pressure and white-without-pressure degenera-
tions is seen as a change of photoreceptor layer
reflectivity: the hyporeflective ellipsoid zone in
the dark-without-pressure becomes hyperrefiec-
tive in the white-without-pressure area.

OCT Scan Details (Fig.4.10c)

Moderate reflectivity layer corresponding to
the ellipsoid zone

’Sharply increased reflectivity of the ellipsoid
zone in the whitish area of retina

K Decreased reflectivity of the ellipsoid zone in
the dark-without-pressure area
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scan 2

Fig. 4.10 (a) Dark-without-pressure and white-without-pressure. (b) OCT-scanning positions indicated by lines. (c)
OCT-scanning results according to the lines direction in (b)
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Peripheral Cystoid Degeneration

Peripheral cystoid degeneration (Blessing-
Iwanoff microcystoid degeneration) is character-
ized by multiple tiny intraretinal microcystoid
cavities that may be found in all retinal quadrants,
but more frequently occur in the temporal half of
the peripheral retina [21, 23, 28, 34].

Cystoid degeneration (Table 4.4) appears as
minute yellowish vesicles with blurred borders
on a greyish-white background that make the
retina look thickened [3, 10]. In advanced cases
these vesicles can merge, become pink, irregular
in shape and have more clearly defined borders
[27]. The newly formed cystoid degeneration is
usually localized immediately posterior to the
ora serrata and progresses posteriorly up to the
equator in more advanced cases [5].

There are two types of peripheral cystoid
degeneration: typical and reticular. Typical cystoid
degeneration occurs in all adults [3, 28]. Reticular
cystoid degeneration may be found in 18 % of
individuals in general population; in 41 % it is
bilateral [21, 28, 34]. A histological study showed
the 17 % incidence of reticular cystoid degenera-
tion, which was bilateral in 44 % of cases [35].

Typical cystoid degeneration may lead to the
fusion of cysts and cavities, and to the flat senile
retinoschisis in the outer plexiform layer.
Reticular cystoid degeneration is often compli-
cated by bullous retinoschisis [3, 4].

The majority of experts believe that cystoid
degeneration seldom causes clinically significant
retinal tears or detachment. Therefore, this
degeneration does not require prophylactic laser
photocoagulation [3, 5, 10, 27].
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Table 4.4 Diagram of peripheral retinal degenerations
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. Grouped congenital
hypertrophy of the retinal
pigment epithelium (“‘bear
tracks™)

16. Snowflake degeneration

17. Unifocal hypertrophy of the

retinal pigment epithelium

18. Atrophic retinal hole

19. Haemorrhage

20. Preretinal fibrosis

21. Honeycomb degeneration

22. Operculated retinal tear

23. Dark-without-pressure

24. Unifocal atrophy of the retinal
pigment epithelium

Peripheral cystoid degeneration in sector 2 is highlighted in yellow
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Case 11. Peripheral Cystoid
Degeneration without
Vitreous Traction

A 23-year-old male patient with moderate myo-
pia and no symptomatic complaints.

Ophthalmoscopic Findings (Fig. 4.11a, b)

A wide, slightly elevated area of retina with mul-
tiple intraretinal tiny oval cystoid cavities is seen
in the far periphery of the temporal quadrant of
the right eye. The retina is pale gray and spongy.

OCT Scan Description (Fig. 4.11¢, d)
The retinal surface is irregular, with multiple sep-
arated and confluent intraretinal cavities filled

with hyporeflective fluid. Hyperplasia of the reti-
nal pigment epithelium and decreased choroidal
reflectivity are seen. There are no signs of vitreo-
retinal traction.

OCT Scan Details (Fig. 4.11¢, d)

*Layers of moderate and high reflectivity in the
vitreous

+Multiple large hyporeflective intraretinal cavities

Dense area of the pigment epithelium
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Fig.4.11 (a) Peripheral cystoid degeneration without traction. (b) Line indicates OCT-scanning direction. (¢, d) OCT-
scanning results according to the line direction in (b)
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Case 12. Peripheral Cystoid
Degeneration with
Vitreous Traction

A 34-year-old male patient with low hyperopia
and no symptomatic complaints.

Ophthalmoscopic Findings

(Fig.4.12a, b)

An elevated lesion with multiple intraretinal
cavities is seen in the far periphery of the tem-
poral quadrant of the right eye. The retina
appears pale gray and spongy. Retina over-
hang, signs of vitreoretinal traction, and
decreased media transparency are seen at the
ora serrata.

OCT Scan Description (Fig. 4.12¢, d)

The retinal surface is irregular and elevated.
Multiple intraretinal hyporeflective cavities are
seen in the neurosensory retina. The vitreous is
dense, there are vitreoretinal adhesions and trac-
tions. The pigment epithelium is irregular, with
multiple dense areas.

OCT Scan Details (Fig. 4.12¢, d)

*Large area of condensed vitreous and vitreo-
retinal adhesions with traction

+Multiple intraretinal

cavities

large hyporeflective

Dense areas of the pigment epithelium
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Fig.4.12 (a) Peripheral cystoid degeneration with traction. (b) Line indicates OCT-scanning direction. (¢, d) OCT-
scanning results according to the line direction in (b)
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Case 13. Peripheral Cystoid
Degeneration Parallel to
the Ora Serrata

A 27-year-old male patient with low hyperopia
and no symptomatic complaints.

Ophthalmoscopic Findings (Fig. 4.13a, b)

A clearly outlined, cord-like cystoid lesion with
pigmentation is seen across the far periphery of
the left eye. Multiple red-colored cavities mim-
icking retinal tears are seen in the area of
degeneration.

OCT Scan Description (Fig. 4.13c, d)

The retinal surface is irregular with
multiple intraretinal hyporeflective cavities.
Vitreoretinal adhesion is seen over the lesion as
layers of consolidated vitreous with moderate
to high reflectivity. Destructive changes are

seen in the ellipsoid zone and the pigment
epithelium.

OCT Scan Details (Fig. 4.13c, d)

*Layers of moderate and high reflectivity in
the vitreous; large areas of vitreoretinal
adhesions

+Multiple large hyporeflective intraretinal cavi-
ties separated by irregular septums

Areas of increased density of the pigment
epithelium

’Pigment epithelium and photoreceptor layer
destruction

‘Increased reflectivity of choroidal vessels in
the area of pigment epithelium destruction
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Fig.4.13 (a) Peripheral cystoid degeneration parallel to the ora serrata. (b) Line indicates OCT-scanning direction. (c,
d) OCT-scanning results according to the line direction in (b)
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Snowflake Degeneration

Snowflake degeneration (Table 4.5) was first
described by Hirose et al. in 1974 [36, 37].
This degeneration appears as little white-yel-
low dots or ovals in the peripheral retina. They
often appear crystalline because of light reflec-
tion [21].

Snowflake degeneration may be found either
as an isolated entity or as combined with other
degenerations, like retinoschisis, lattice degener-
ation, and white-without-pressure [21, 36].

Snowflake degeneration may appear as a
wide band (1-3 disc diameters), and may be
located in one or more retinal quadrants. This
lesion may also be distributed circumferentially
around the retina. Snowflake degeneration is
located mostly in the superotemporal quadrant
(95 %) and less frequently in the inferior quad-
rant [37].

Snowflake degeneration is a rare condition in
general population [38]. This degeneration has an
autosomal dominant inheritance pattern [36, 38,
39], but it is considered to be a clinically and
genetically independent condition [40].

Hirose et al. gave four stages of the disease
progression [41]:

e Stage 1. Peripheral white-with-pressure
degeneration with minimal vitreous changes;

e Stage 2. Snowflake-like inclusions appearing
in the retinal periphery up to the ora serrata;

e Stage 3. Sheathing of retinal vessels and
hyperpigmentation;

e Stage 4. Increased pigmentation and occlusion
of the retinal vessels. The progression of cho-
rioretinal atrophy. Destructive changes in the
vitreous.

Snowflake degeneration can lead to retinal
breaks (holes and flap tears), and subsequent
retinal detachment [3, 21]. There have been
reports of retinal detachment secondary to
snowflake degeneration in 17-20 % eyes in one
family [37, 40].

A wide range of evidence suggests prophy-
lactic laser surgery of retinal tears associated
with snowflake degeneration. In these cases,
laser photocoagulation or cryopexy are indi-
cated [21, 42].



4 Intraretinal Degenerations

Table 4.5 Diagram of peripheral retinal degenerations
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21. Honeycomb degeneration

22. Operculated retinal tear

23. Dark-without-pressure

24. Unifocal atrophy of the retinal
pigment epithelium

Snowflake degeneration in sector 16 is highlighted in yellow
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Case 14. Snowflake Degeneration
with Multiple Tiny
Deposits (without
Traction)

A 35-year-old emmetropic female patient with
no symptomatic complaints. Retinal changes
were revealed during routine examination.

Ophthalmoscopic Findings (Fig. 4.14a, b)

A wide band of multiple white dots and tiny depos-
its in the superficial layers of the retina is observed
in the far peripheral retina of the temporal quadrant
of the right eye. Pigment is redistributed.

OCT Scan Description (Fig. 4.14c, d)
Retinal surface appears smooth with multiple
hyperreflective deposits in the neuroepithelium.
Layers of moderate reflectivity are seen in the
vitreous. There are no signs of vitreoretinal trac-
tion. Posterior hyaloid membrane is fully
detached.

OCT Scan Details (Fig. 4.14c, d)
Multiple intraretinal hyperreflective deposits

’Increased density (hyperreflectivity) of all lay-
ers of the neurosensory retina

*Layers of moderate reflectivity in the vitreous;
no signs of vitreoretinal adhesion
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Fig. 4.14 (a) Snowflake degeneration without vitreous traction. (b) Line indicates OCT-scanning direction. (¢, d)
OCT-scanning results according to the line direction in (b)
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Case 15. Snowflake Degeneration
with Large Intraretinal
Deposits (without
Traction)

A 26-year-old emmetropic female patient with
no symptomatic complaints. Snowflake degen-
eration was diagnosed during routine
examination.

Ophthalmoscopic Findings (Fig. 4.15a,

b)

Multiple white dots with metallic sheen are
observed in the far peripheral retina of the infe-
rior quadrant of the left eye. The lesions are
round in shape and have clear borders.

OCT Scan Description (Fig. 4.15c¢, d)

The retinal surface is smooth; the neuroepithe-
lium is of normal thickness. Three round hyper-
reflective deposits causing a shadow effect on the

underlying tissues are seen in the neurosensory
retina. The pigment epithelium is intact. Vitreous
structure is uneven, with areas of increased
reflectivity. No signs of vitreoretinal traction are
present.

OCT Scan Details (Fig. 4.15¢, d)

*Layers of moderate reflectivity (increased
density) in the vitreous

Intraretinal
deposits

hyperreflective  round-shaped

*Area of increased density (hyperreflectivity) of
all layers of the neurosensory retina

ADecreased reflectivity of the choroid at the
level of the hyporeflective deposits in the neu-
rosensory retina
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Fig.4.15 (a) Snowflake degeneration with large intraretinal deposits. (b) Line indicates OCT-scanning direction. (¢,
d) OCT-scanning results according to the line direction in (b)
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Case 16. Complicated Snowflake
Degeneration (with
Vitreoretinal Traction and
Retinoschisis)

A 49-year-old moderately myopic female patient
with an early stage cortical cataract and partial
posterior vitreous detachment presented with
complaints of flashes of light, floaters, and
decreased visual acuity affecting her left eye for
the last 2 months.

Ophthalmoscopic Findings (Fig. 4.16a, b)
Multiple crystalline white-colored thread-like
deposits are seen in the far peripheral retina of
the superotemporal quadrant of the left eye. The
retinal surface is blurred, because the transpar-
ency of the media is reduced.

OCT Scan Description (Fig. 4.16¢)
Scan 1 Retina profile is irregular because of vit-
reoretinal adhesions. Consolidated vitreous is

partially attached to the retina. The neuroepithe-
lium is thickened, there are multiple intraretinal
cavities of various size.

Scan 2 The retinal profile is altered by vitreo-
retinal adhesions and vitreous traction.
Intraretinal cavities enlarged. There are multi-
ple hyperreflective deposits in the neurosensory
retina.

OCT Scan Details (Fig. 4.16¢)

*Vitreous layers of moderate and high reflectiv-
ity, and vitreoretinal adhesions

Multiple intraretinal hyperreflective deposits

+Multiple intraretinal cavities filled with hypore-
flective fluid

‘Increased density (hyperreflectivity) of all lay-
ers of the neurosensory retina
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Fig. 4.16 (a) Complicated snowflake degeneration. (b) Lines indicate OCT-scanning direction. (¢) OCT-scanning
results according to the lines direction in (b)
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Pearl Degeneration

Pearl degeneration (ora pearls, pearls of the ora
serrata) is a rare congenital pathology of the
peripheral retina [3] that may look like white
beads resembling retinal drusen [27]. There is at
present no universal term for this entity. Ora
pearls (Table 4.6) appear as milk-white dense
glistening spheroids located at the ora serrata or
pars plana [31, 43]. There is usually a single iso-
lated pearl, less frequently — multiple pearls that
are bilateral and symmetrical.

According to some authors, ora pearls may
be found in up to 20 % of patients of both sexes
and all age groups; however, this degeneration is
diagnosed more frequently with age [44]. Other
authors claim that this degeneration is not asso-
ciated with age and may have developmental
origin [23].

Histological studies showed that ora pearls
can be described as large retinal drusen located
between the pigment epithelium and Bruch’s
membrane or “freely floating” over the pigment
epithelium, depending on the stage of degenera-
tion. In early stages, ora pearls are attached to the
Bruch’s membrane, and are dark brown, because
of pigment epithelium covering. In advanced
stages, they become white because of the pig-
ment epithelium thinning [21, 44].

Many authors consider pearl degeneration to
be benign and not requiring prophylactic laser
treatment [3, 21, 45].

There have recently appeared first OCT scans
of the ora pearl describing it as a hyporeflective
cavity (cystoid content) in the neurosensory retina
with the vitreous cortical layers attached to the
top of the lesion [46]. The silvery outer “coating”
is hyperreflective and shadows the choroid [33].
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Table 4.6 Diagram of peripheral retinal degenerations
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. Flat retinoschisis
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. Retinal tuft

. Snail-track degeneration
. Pearl degeneration
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. Flap tear
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W

. Grouped congenital
hypertrophy of the retinal
pigment epithelium (“bear
tracks”)

16. Snowflake degeneration

17. Unifocal hypertrophy of the

retinal pigment epithelium

18. Atrophic retinal hole

19. Haemorrhage

20. Preretinal fibrosis

21. Honeycomb degeneration

22. Operculated retinal tear

23. Dark-without-pressure

24. Unifocal atrophy of the retinal
pigment epithelium

Pearl degeneration in sector 13 is highlighted in yellow



80

T.B. Shaimov and V.A. Shaimova

Case 17. Pearl Degeneration

An asymptomatic 20-year-old male patient with
mild myopia. Degeneration was diagnosed dur-
ing routine examination.

Ophthalmoscopic Findings (Fig. 4.17a, b)

A metalescent, white, pearl-like spheroid is seen
at 9 o’clock position in the far peripheral retina of
the right eye. The pearl is slightly elongated. The
surrounding retinal surface is grayish and
irregular.

OCT Scan Description (Fig. 4.17¢, d)

The retina is dome-shaped because of the clearly
outlined local hyperreflective cystoid lesion in
the neuroepithelium that shadows the underlying
structures. The lesion cavity is filled with hypore-
flective content. Vitreoretinal adhesion without

traction is seen at the top of the lesion. There are
small intraretinal cavities with hyporeflective
content in the peripheral parts of the scan.

OCT Scan Details (Fig. 4.17¢, d)

Intraretinal cavity with hyperreflective walls

OHyporeﬂective content of the intraretinal
cavity

*Vitreoretinal adhesions
*FMultiple small intraretinal cavities

AHyporeﬂective choroid at the level of the
intraretinal cavity

’Areas of thickened pigment epithelium
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Fig.4.17 (a) Pearl degeneration. (b) Line indicates OCT-scanning direction. (¢, d) OCT-scanning results according to
the line direction in (b)
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Snail-Track Degeneration

Snail-track degeneration appears (Table 5.1) as a
band of glistening, frost-like white dots, often
oval or elongated. It is usually found closer to the
equator and parallel to the ora serrata, and resem-
bles a track left by a snail [1-3]. This degenera-
tion is more frequently found in superotemporal
and superonasal quadrants of the peripheral ret-
ina [4]. The prevalence of snail-track degenera-
tion in general population is 10 %, it affects
myopic eyes more frequently — 40 % [5].

Snail-track degeneration, as well as lattice
degeneration, is characterized by retinal thin-
ning with vitreous liquefaction (lacuna) right
above the lesion, and vitreoretinal tractions
[1]. According to published data, retinal tears
commonly appear in the inferotemporal quad-
rant — 54 %, less frequently in the superotem-
poral — 18 %, superonasal — 16 %, and
inferonasal quadrants —12 % [4].

Some experts believe that snail-track degen-
eration is a variation or an early stage of classic

lattice degeneration [6-9]. Others classify it as a
separate group [1, 3, 4, 10] given that the ultra-
structural studies proved it to be an independent
entity [11, 12].

Snail-track degeneration is often complicated
by retinal holes, less frequently by flap tears
with traction, and secondary retinal detachment
[3, 13]. The indications for prophylactic laser
coagulation are the same as those for lattice
degeneration.

Kothari et al. (2012) were the first to publish
in vivo OCT scans of snail-track degeneration as
an irregular and wrinkled retinal surface without
vitreous traction [10].

Shaimova et al. (2015) described the charac-
teristic OCT features of this degeneration: irregu-
lar and jagged retinal surface, vitreous destruction,
and vitreoretinal adhesions with tractions at the
lesion margins [14].

In this chapter, we demonstrate different
variants of OCT scans of the snail-track
degeneration.
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Table 5.1 Diagram of peripheral retinal degenerations

12

Snail-track degeneration in sector 12 is highlighted in yellow

O 00 9 O L B W N =
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. Peripheral cystoid degeneration
. Retinal detachment

. Retinal drusen

. Full-thickness tear

. Paving-stone degeneration

. Lattice degeneration

. Bullous retinoschisis

. Flat retinoschisis

10. White-without-pressure
11. Retinal tuft

12.
13.
14.
15.

16
17.

18.
19.
20.
21.
22.
23.

Snail-track degeneration
Pearl degeneration
Flap tear

Grouped congenital hypertrophy of the retinal
pigment epithelium (“bear tracks”)

. Snowflake degeneration

Unifocal hypertrophy of the retinal pigment
epithelium

Atrophic retinal hole

Haemorrhage

Preretinal fibrosis

Honeycomb degeneration

Operculated retinal tear
Dark-without-pressure

24. Unifocal atrophy of the retinal pigment

epithelium



88

R.B. Shaimov and V.A. Shaimova

Case 18.Snail-Track Degeneration
(Classic)

A 24-year-old male patient with moderate myo-
pia and partial posterior vitreous detachment pre-
sented with floaters and flashes of light affecting
his left eye.

Ophthalmoscopic Findings (Fig.5.18a, b)

A bright white elongated lesion with multiple
small atrophic holes is observed in the far
periphery of superotemporal quadrant of the left
eye. The surrounding retina is whitish, with reti-
nal vessels poorly visualized in the area of degen-
eration. There are vitreous adhesions and
tractions at the edges of the lesion.

OCT Scan Description (Fig.5.18¢)

Scan 1 Vitreous over the retina is considerably
consolidated. The surface of the neurosensory
retina is smooth. There is a locally dense area of
retinal pigment epithelium.

Scan 2 The retinal surface is irregular. There are
vitreoretinal adhesions with traction at the edges
of the lesion. The neurosensory retina is dense
and slightly elevated at the adhesion site. There is
a marked density (increased reflectivity) of the

inner retinal layers in the center of the image
causing a “shadow” effect (decreased reflectivity)
in the underlying tissues.

Scan 3 The retinal surface is irregular and jag-
ged because of multiple areas of retinal thinning
(atrophic holes). The retina is dense along the
entire lesion. The photoreceptor layer is partially
damaged. Retinal pigment epithelium is intact.

OCT Scan Details (Fig.5.18¢)

3¢ Layers of medium reflectivity (increased den-
sity) in the vitreous; vitreoretinal adhesions
and tractions

Areas of retinal thinning within the lesion

=+ Increased reflectivity (increased density) of
the inner neurosensory layers in the center of
the lesion

A Areas of redistribution and increased density
of the pigment epithelium

A Decreased reflectivity of the outer neurosen-
sory layers, pigment epithelium, and choroid
at the level of dense retina
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Fig.5.18 (a) Snail-track degeneration. (b) Lines indicate OCT-scanning direction. (¢) OCT-scanning results according
to the position of the lines in (b)
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Case 19.Snail-Track Degeneration
(Double-Row)

An asymptomatic 17-year-old male patient with
moderate myopia and partial posterior vitreous
detachment.

Ophthalmoscopic Findings (Fig.5.19a, b)
Two degenerative lesions are observed in the
mid and far periphery of the inferotemporal
quadrant of the right eye. The first lesion is at the
equator with a full-thickness retinal tear in its
center, shallow (subclinical) retinal detachment,
and minor hyperpigmentation. The second lesion
is closer to the ora serrata with hyperpigmenta-
tion and atrophic retinal holes. Vitreous traction
at the edges is identified in both lesions.

OCT Scan Description (Fig.5.19¢)

Scan 1 Full-thickness tear of the neurosensory
retina is seen in the center of the scan and has
markedly thin and dense retina at its edge, with
clear evidence of vitreoretinal adhesions and
tractions. Retinal pigment epithelium is intact.

Scan 2 Multiple areas of marked retinal thinning
(atrophic retinal holes) are separated by areas of
increased retinal density. There are isolated vit-
reoretinal adhesions within the lesion and at its
edges. Retinal pigment epithelium is intact.

OCT Scan Details (Fig.5.19¢)

¥ Vitreoretinal adhesions and tractions
C Full-thickness tear of the neurosensory retina

Marked thinning of the neurosensory retina
(atrophic holes)

+ Increased reflectivity (density) of the neuro-
sensory retina along the edge of the full-thick-
ness tear

A Destruction of the photoreceptor layer at the
level of the thinned retina and a full-thickness
tear

@ Increased reflectivity of the choroid at the
level of the dense neurosensory retina
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Fig. 5.19 (a) Snail-track degeneration (double-row). (b) Lines indicate OCT-scanning direction. (¢) OCT-scanning
results according to the position of the lines in (b)
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Case 20. Snail-Track Degeneration
with Atrophic Retinal Holes

An asymptomatic 17-year-old male patient with
low myopia.

Ophthalmoscopic Findings (Fig.5.20a, b)

A silver-white lesion with irregular surface and
multiple atrophic holes is seen in the mid-
periphery of the left eye at 5 o’clock position.
The retinal vessel passing through the lesion is
partly blurred.

OCT Scan Description (Fig.5.20¢)

Scans 1 and 2 The retinal surface is irregular
and jagged. There are multiple shallow atrophic
holes of different sizes in the neurosensory

retina. The retina within the lesion is dense.
Photoreceptor layer is partially destroyed. Retinal
pigment epithelium is intact. The cross-sectional
image (Scan 2) shows the area of vitreoretinal
adhesion and traction.

OCT Scan Details (Fig.5.20¢)

¥ Vitreoretinal adhesion and traction at the
edges of the lesion

Marked thinning of the neurosensory retina
(atrophic retinal holes)

+ Increased reflectivity (increased density) of
the neurosensory retina between the atrophic
holes
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scan 2

Fig.5.20 (a) Snail-track degeneration with atrophic retinal holes. (b) Lines indicate OCT-scanning direction. (¢) OCT-
scanning results according to the position of the lines in (b)
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Case 21.Snail-Track Degeneration
with Vitreoretinal
Adhesion and Retinal Tears

A 25-year-old male patient with severe myopia
and partial posterior vitreous detachment pre-
sented with complaints of floaters and recurrent
flashes of light affecting his right eye.

Ophthalmoscopic Findings (Fig.5.21a, b)

A local degenerative lesion with blurred borders is
observed in the mid-peripheral retina of the tem-
poral quadrant of the left eye. The lesion is bright
white, with multiple atrophic holes and full-thick-
ness retinal tears. The vitreous is grayish, with
areas of fibrosis and signs of traction. The retinal
vessels passing through the lesion are hard to see.

OCT Scan Description (Fig.5.21¢)

Scan 1 There is an elevated area of the neuro-
sensory retina with signs of increased density
(increase in layers’ reflectivity) caused by vitreo-
retinal adhesion and traction.

Scan 2 The area of vitreoretinal adhesion and
traction enlarges. There is a hyporeflective band
of the consolidated vitreous (preretinal fibrosis)
laterally over the retina. The neuroepithelium is
thick and dense in the center.

Scan 3 The scan demonstrates a marked vitreo-
retinal adhesion with a hyperreflective elevated
band and a full-thickness tear with shallow

detachment of the neurosensory retina. There is
an operculum (area of medium reflectivity)
detached from the retina over the tear, causing a
“shadow” effect in the underlying tissues.

Scan 4 There are severe vitreoretinal adhesions
and tractions, intraretinal cavities at the site of adhe-
sion, and a shallow detachment of the neurosensory
retina. The elevated part of the retina is dense. A
part of the operculum is seen in the vitreous.

OCT Scan Details (Fig.5.21¢)

¥ Vitreoretinal adhesions and tractions

Area of moderate reflectivity in the vitreous
(operculum) over the full-thickness tear

C Full-thickness tear of the neurosensory retina

+ Increased reflectivity (increased density) of the
inner neurosensory layers within the degeneration

O Shallow retinal detachment at the edges of the
full-thickness tear

A Dense pigment epithelium within the neuro-
sensory detachment

A Hyporeflective choroid at the level of dense
areas of pigment epithelium and neurosensory
retina

A Intraretinal hyporeflective cavity at the site of
vitreoretinal adhesion
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Fig.5.21 (a) Snail-track degeneration with fibrosis and retinal tears. (b) Lines indicate OCT-scanning direction. (c)
OCT-scanning results according to the position of the lines in (b)
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Case 22. Snail-Track Degeneration
with Multiple Tears and
Shallow Retinal
Detachment

An asymptomatic 30-year-old male patient with
moderate myopia. Degeneration was diagnosed
during routine fundus examination.

Ophthalmoscopic Findings (Fig.5.22a, b)

A whitish degenerative lesion with blurred borders
is observed in the far peripheral retina of the inferior
quadrant of the left eye. There are multiple irregular
retinal holes in the center of the lesion; and there is
a single bright red full-thickness tear of the neuro-
epithelium surrounded by a shallow retinal detach-
ment on the left edge of the lesion.

OCT Scan Description (Fig.5.22¢, d)

The retinal surface is jagged and irregular
because of an area of vitreoretinal adhesion with
traction. There are multiple atrophic holes in the
neuroepithelium in the center, a full-thickness
tear of the neurosensory retina with a shallow

neuroepithelium detachment on the left side.
Small intraretinal hyporeflective cavities are
visible in the neuroepithelium. There are areas
of hyperplasia of retinal pigment epithelium.
Choroid is thinned.

OCT Scan Details (Fig.5.22¢, d)

¥ Vitreoretinal adhesion and traction
C Full-thickness tear of the neurosensory retina

Marked thinning of the neurosensory retina
(atrophic holes)

+ Increased reflectivity (increased density) of
the neurosensory retina within the lesion

O Shallow retinal detachment at the edges of the
full-thickness tear

A Dense areas of pigment epithelium at the sides
of retinal detachment

A Decreased reflectivity of the choroid at the
level of dense pigment epithelium
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Fig. 5.22 (a) Snail-track degeneration with multiple tears. (b) Line indicates OCT-scanning direction. (¢, d) OCT-
scanning results according to the position of the line in Fig. (b)
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Case 23.Snail-Track Degeneration
with Retinal Detachment
and Vitreous Fibrosis with
Traction

A 45-year-old female patient with moderate
myopia and partial posterior vitreous detachment
presented with a 10-day history of floaters affect-
ing her right eye.

Ophthalmoscopic Findings (Fig.5.23a, b)
Two degenerative lesions are observed. The first
lesion is located in the mid-periphery of the right
eye at 7 o’clock position and has a spongy appear-
ance, grayish cast, blurred borders (shallow reti-
nal detachment), and red full-thickness tears. The
vitreous is gray and dense with marked retinal
adhesions producing tractions. The second lesion
with atrophic holes and vitreoretinal adhesion is
located at 8 o’clock position.

OCT Scan Description (Fig.5.23¢)

Scan 1 There is a marked vitreoretinal adhesion
with dense (increasingly reflective) neurosensory
retina. The vitreous has multiple layers of high
and moderate reflectivity and multiple fibrotic
bands. A shallow retinal detachment of the neu-
rosensory retina is observed along the whole area
of degeneration.

Scan 2 Layers of fibrosis in the vitreous are con-
nected with vitreoretinal adhesions at the borders of
the lesion. There is a single large intraretinal cavity
at the adhesion site. The shallow retinal detachment
is irregular and more elevated in the adhesion area.

Scan 3 Vitreoretinal adhesions become larger
and occupy half of the lesion. Multiple intrareti-
nal cavities of different forms and sizes are
observed at the level of these adhesions and the
shallow neurosensory retinal detachment there
looks irregular and more elevated.

Scan 4 At the sites of adhesions, the retina
appears dense and elevated, with isolated
intraretinal cavities. The intraretinal reflectivity
increases casting a ‘“‘shadow” (reflectivity
decrease) over the choroid. The neurosensory
retinal detachment in this scan is large, and it
enlarges even more in the area of adhesions.
Medially, there is a full-thickness tear of the
neuroepithelium.

OCT Scan Details (Fig.5.23¢)

¥ Vitreoretinal adhesions and tractions with lay-
ers of moderate and high reflectivity (fibrosis)
in the vitreous

+ Increased reflectivity (increased density) of
the neurosensory inner retinal layers at the site
of vitreoretinal adhesions

A Intraretinal hyporeflective cavities within
marked vitreoretinal adhesions

O Neurosensory retinal detachment within the
lesion

A Hyporeflective inner retinal layers, pigment
epithelium, and choroid at the dense retina level
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Fig.5.23 (a) Snail-track degeneration with shallow neuroepithelium detachment and vitreous fibrosis. (b) Lines indi-
cate OCT-scanning direction. (¢) OCT-scanning results according to the position of the lines in (b)
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Case 24. Snail-Track Degeneration
with Multiple Tears

A 35-year-old highly myopic female patient
with partial posterior vitreous detachment pre-
sented with complaints of floaters affecting her
left eye.

Ophthalmoscopic Findings (Fig.5.24a, b)

A dark gray lesion with three round, full-
thickness tears of different sizes is observed in
the mid-periphery of the inferior quadrant of the
left eye. The retina is elevated and looks spongy
(shallow detachment).

OCT Scan Description (Fig.5.24c¢, d)

The retinal surface is irregular because of vitreo-
retinal adhesion with traction. There are three
full-thickness tears of the neuroepithelium with
shallow retinal detachment and several small
hyperreflective deposits in the neuroepithelium.
The photoreceptor layer is partially destroyed.

Destructive changes are seen in retinal pigment
epithelium.

OCT Scan Details (Fig.5.24c,d)

¥ Vitreoretinal adhesion and traction

C Full-thickness tears of the neurosensory
retina

Areas of marked thinning of the neurosensory
retina

+ Increased reflectivity (increased density) of
the neurosensory retina within the area of
degeneration

O Shallow retinal detachment at the edges of
full-thickness tears

A Pigment epithelium destruction

¢ Hyperreflective choroid in the area of pigment
epithelium destruction
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Fig. 5.24 (a) Snail-track degeneration with multiple tears. (b) Line indicates OCT-scanning direction. (¢, d) OCT-
scanning results according to the position of the line in (b)
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Case 25. Snail-Track Degeneration
with Retinal Tear and
Pigment Epithelium
Atrophy

A 19-year-old male patient with partial posterior
vitreous detachment and no symptomatic
complaints.

Ophthalmoscopic Findings (Fig.5.25a, b)

A degenerative lesion with multiple whitish
deposits, retinal thinning, and atrophic retinal
holes is observed in the far-peripheral retina of
the inferior quadrant of the right eye. Two well-
defined oval lesions at the borders of degenera-
tion correspond to a retinal tear (red lesion on the
left) and pigment epithelium atrophy (white
lesion on the right).

OCT Scan Description (Fig.5.25¢)

Scan 1 The retinal surface is smooth. Layers of
neuroepithelium are well visualized. Retinal pig-
ment epithelium is intact. The hyperreflective
(consolidated) layer of the vitreous forms an
adhesion with the retinal surface. Overlying vit-
reous layers are hyporeflective.

Scan 2 The retinal surface is irregular and
slightly elevated by the site of vitreoretinal adhe-
sion with traction at its borders. In the middle of
adhesion, there are multiple hyperreflective
deposits in the neuroepithelium.

Scan 3 The retinal surface is irregular because
of the site of vitreoretinal adhesion with traction
at its borders. Laterally, there is an atrophic hole

in the neuroepithelium and medially — an area of
the pigment epithelium atrophy with a hyperre-
flective “shadow” in the choroid (comet-tail).
The neuroepithelium in the center of the scan is
thinned and hyperreflective with no distinguish-
able layers.

Scan 4 Transverse scan through the area of
degeneration. The center of the scan shows an
atrophic hole in the neuroepithelium with a
hyperreflective “shadow” in the underlying
tissues. The neuroepithelium is thinned and
consolidated. There are vitreoretinal adhe-
sions with marked traction at the edges of the
lesion.

OCT Scan Details (Fig.5.25¢)

A Layers of moderate reflectivity in the vitreous
(consolidation)

¥ Vitreoretinal adhesion and traction at the
edges of degeneration

A Hyperreflective (dense) neurosensory retina at
the edges of degeneration, at the sites of vit-
reoretinal adhesions

C Full-thickness tear of the neurosensory
retina

+ Dense and thin neurosensory retina in the cen-
ter of degeneration

Pigment epithelium destruction

@ Increased reflectivity of the choroid in the
areas of pigment epithelium destruction.
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Fig. 5.25 (a) Snail-track degeneration with retinal tear and pigment epithelium atrophy. (b) Lines indicate OCT-
scanning direction. (¢) OCT-scanning results according to the position of the /ines in (b)
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Case 26. Snail-Track Degeneration
with Retinal Tear and
Pigment Epithelium
Destruction

A 21-year-old male patient with low myopia
presented with no complaints. Retinal degen-
eration was diagnosed during routine
examination.

Ophthalmoscopic Findings (Fig.5.26a, b)

A white oval degenerative lesion with blurred
borders is observed in the mid-periphery of the
superotemporal quadrant of the right eye.
Retina in the center of the lesion is lighter and
has whitish deposits. There is a wide band of
hyperpigmentation in the far retinal periphery.

OCT Scan Description (Fig.5.26¢)

Scan 1 The retinal surface is irregular and jag-
ged because of multiple atrophic lesions in the
neuroepithelium. There is an atrophic area of
retinal pigment epithelium with destructed pho-
toreceptor layer in the center of the scan. This
atrophic area casts a “shadow” over the choroid
making it look hyperreflective. The vitreous at
the edges of the lesion is consolidated, it attaches

to the retinal surface and causes tractions. There
is a hyporeflective cavity over the lesion — lacuna
(optically void area). Choroid in the area of
degeneration is thinned.

Scan 2 There are multiple atrophic lesions in the
neuroepithelium and a full-thickness tear in the
center of the scan. Neuroepithelium at the tear
margins is dense. There are signs of vitreoretinal
adhesion and traction over the lesion surface.

OCT Scan Details (Fig.5.26¢)

¥ Vitreoretinal adhesions
C Full-thickness tear of the neurosensory retina

Marked thinning of the neurosensory retina
(atrophic hole)

+ Hyperreflective (dense) neurosensory retina at
the tear margins

A Destructed photoreceptor layer in the area of
retinal thinning and the full-thickness tear

@ Hyperreflective choroid in the area of dense
neurosensory retina
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scan i

scan 2

Fig.5.26 (a) Snail-track degeneration with retinal tear and pigment epithelium destruction. (b) Lines indicate OCT-
scanning direction. (¢) OCT-scanning results according to the position of the /ines in (b)



106

R.B. Shaimov and V.A. Shaimova

Lattice Degeneration

Lattice degeneration (Table 5.3) appears as reti-
nal thinning with the loss of neurosensory layer
and marked vitreoretinal adhesion at the margins
of the lesion [15]. Lattice degeneration is found
in 6-8 % of eyes in general population [7, 16,
17]. This condition affects both retina and vitre-
ous, and is considered a severe peripheral vitreo-
choreoretinal degeneration with risk of retinal
tears and rhegmatogenous retinal detachment
caused by vitreous traction [15, 18, 19]. The
degenerative changes comprise retinal thinning
with subsequent fibrosis and vitreous liquefac-
tion over the lesion (lacuna). Vitreoretinal adhe-
sions at the margins of the lesion are a common
finding [13, 20, 21]. This degeneration can have
an oval or linear pattern of lesions with either
single or grouped distribution [19]. Lesions may
be isolated or multiple, with radial or circumfer-
ential crisscrossing lines, and in some cases have
tiny white or yellowish deposits, pigment
clumps, atrophic holes, or retinal tears [17, 19,
22-24].

Two types of lattice degeneration are distin-
guished: typical and atypical. Typical lattice
degeneration appears as well-outlined, spindle-
like areas of retinal thinning, with white criss-
crossing lines between the equator and the
posterior margin of the vitreous base. Atypical
lesions usually have radial perivascular distribu-
tion. Lattice degeneration can cause tractional
retinal tears along its posterior edge because of
tight vitreoretinal adhesions with resulting rheg-
matogenous retinal detachment [13].

The frequency of lattice degeneration in eyes
with retinal detachment is reported to be 13.9-35 %
[25, 26]. Furthermore, this degeneration is found in
14.5-26.18 % of fellow eyes [8, 27]. In eyes with
acute posterior vitreous detachment associated
with lattice degeneration, flap tears are found in
1.5-2 %, and operculated tears in 1624 % of cases

[3,21, 28]. However, lattice degeneration itself sel-
dom causes retinal detachment, accounting for 1 %
[23], 24 % of patients [7].

To date, no universally accepted indications
for the prophylactic laser coagulation of lattice
degeneration have been proposed. Some experts
believe that prophylactic treatment is indicated
for clinically significant symptoms, flap tears,
retinal detachment in the fellow eye, aphakia, or
family history [29]. Other authors recommend
laser treatment only in case of retinal detach-
ment in the fellow eye associated with lattice
degeneration [15, 17]. Laser surgery does not
always prevent the retinal detachment because
new retinal tears can occur in seemingly healthy
retina. It is thought that one should not always
seek medical care in case of lattice degeneration
with atrophic holes [17]. Alternatively, prophy-
lactic laser photocoagulation is advocated in
any type of lattice degeneration by some
researchers [3].

Some authors emphasize that lattice degen-
eration without retinal tears or with retinal holes
should be treated individually according to the
guidelines of the American Academy of
Ophthalmology (see Table 7.1 in Chap. 7).
Prophylactic laser treatment is indicated in flap
tears with persistent vitreous traction. According
to Brinton and Wilkinson (Table 5.2), laser pho-
tocoagulation should be performed around the
lesion and at the base of the vitreous body to
decrease the risk of post-operative retinal
detachment due to insufficient scarring around
the tear [6].

The review by Wilkinson (2014) found no
randomized controlled trials showing clinical
benefits of prophylactic laser surgery for asymp-
tomatic tears and lattice degeneration. The author
concluded that prophylactic treatment is only jus-
tified in managing vitreous traction and retinal
tears associated with symptoms of flashes and
floaters [30].


http://dx.doi.org/10.1007/978-3-319-48995-7_7
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Table 5.2 Guidelines for prophylactic laser photocoagulation in lattice degeneration with or without retinal holes

Type of break
Lattice degeneration
with/without retinal
holes

With symptoms
Sometimes

Asymptomatic

No risk

factors High myopia Fellow eye® Pseudophakia®
No Rarely Sometimes Rarely

Adapted version of table from [6]. Reproduced with the permission of Oxford University Press. Taken from original
version in Precursors of Rhegmatogenous Retinal Detachment in Adults. San Francisco, CA: American Academy of
Ophthalmology; 2008, by Permission of American Academy of Ophthalmology Retina Panel. Preferred Practice
Pattern®Guidelines. Available at: www.aao.org/ppp
*Applies to patients who have had a retinal detachment in the other eye

"Applies to pseudophakes, aphakes, and patients prior to cataract surgery

Table 5.3 Diagram of peripheral retinal degenerations
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24.

Lattice degeneration in sector 7 is highlighted in yellow

16.
17.

. Retinal dialysis

. Peripheral cystoid degeneration
. Retinal detachment

. Retinal drusen

. Full-thickness tear

. Paving-stone degeneration

. Lattice degeneration

. Bullous retinoschisis

. Flat retinoschisis

10.
. Retinal tuft

. Snail-track degeneration

White-without-pressure

. Pearl degeneration
. Flap tear
. Grouped congenital hypertrophy of the retinal

pigment epithelium (“bear tracks”)
Snowflake degeneration

Unifocal hypertrophy of the retinal pigment
epithelium

Atrophic retinal hole

Haemorrhage

Preretinal fibrosis

Honeycomb degeneration

Operculated retinal tear
Dark-without-pressure

Unifocal atrophy of the retinal pigment
epithelium
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Case 27.Lattice Degeneration
(Classic)

A 59-year old female patient with moderate myo-
pia and partial posterior vitreous detachment pre-
sented with complaints of floaters affecting her
left eye.

Ophthalmoscopic Findings (Fig.5.27a, b)

A hyperpigmented degenerative lesion with
blurred borders and a white retinal vessel in the
center is observed in the mid-periphery of the
inferotemporal quadrant of the left eye.
Vitreoretinal adhesions with traction are seen at
the border of the lesion. Retinal structure in the
center of the lesion is changed and atrophic.

OCT Scan Description (Fig.5.27¢)

Scan 1 The retinal surface is smooth. Inner and
outer layers of the neuroepithelium can be distin-
guished. The retinal pigment epithelium is intact.
The posterior hyaloid membrane is thickened,
hyperreflective, and detached from the retina.

Scan 2 The retinal surface is irregular. A hypo-
reflective cavity in the vitreous (lacuna) is
observed over the area of degeneration.
Vitreoretinal adhesions are present at the edge of
degeneration. Marked thinning and hyperreflec-
tive deposits within the retina and pigment epi-
thelium are seen in the center of the scan.

Scan 3 The retinal surface is irregular because
of vitreoretinal adhesions and traction at the
borders of the lesion. A hyperreflective scle-
rosed blood vessel is observed within the neuro-
epithelium. Hyperplasia of the pigment
epithelium is seen at the sides.

Scan 4 The retinal surface is irregular because
of three areas of neuroepithelium thinning.
Vitreous traction is moderate.

OCT Scan Details

¥ Vitreoretinal adhesion and traction; layers of
moderate reflectivity in the vitreous

Thin and dense neurosensory retina within the
lesion. Marked retinal thinning closer to the
center of the lesion

A Dense pigment epithelium in the center of the
lesion and at the level of the vitreoretinal
tractions

A Decreased choroid reflectivity at the level of
the dense pigment epithelium

A Cross-section image of the sclerosed retinal
vessel with tough walls

A Photoreceptor layer destruction at the border
of the lesion



5 Vitreoretinal Degenerations

Fig.5.27 (a) Classic lattice degeneration. (b) Lines indicate OCT-scanning direction. (¢) OCT-scanning results accord-
ing to the position of the lines in (b)
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Case 28. Lattice Degeneration with
Retinal Tears and
Sclerosed Retinal Vessels

A 64-year old male patient with pseudophakia of
his right eye presented with floaters affecting his
right eye and incidental flashes of light during
eye movements.

Ophthalmoscopic Findings (Fig.5.28a, b)

A large lesion with multiple full-thickness tears
of various forms and sizes is observed in the
mid-periphery of the superior quadrant of the
right eye. Multiple sclerosed retinal vessels
(branching white lines) and atrophic areas of the
retinal pigment epithelium with various pig-
mented deposits are seen within the area of
degeneration.

OCT Scan Description (Fig.5.28¢, d)

The retinal surface is irregular because of three
full-thickness tears with shallow retinal detach-
ment at the edges. The intact neuroepithelium

has small hyporeflective cavities and areas of
increased density in the pigment epithelium.

OCT Scan Details (Fig.5.28¢, d)

C Full-thickness tears of the neurosensory
retina

Areas of marked thinning and consolidation of
the neurosensory retina between the tears

+ Isolated intraretinal hyporeflective cavities in
the margin of the full-thickness tear

A Increased density of the pigment epithelium

A Decreased reflectivity of the choroid at the
level of the dense pigment epithelium

A Destroyed pigment epithelium

@ Increased choroid reflectivity at the level of
the pigment epithelium destruction
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Fig. 5.28 (a) Lattice degeneration with retinal tears, hyperpigmentation, and sclerosed vessels. (b) Line indicates
OCT-scanning direction. (¢, d) OCT-scanning results according to the position of the line in (b)
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Case 29. Lattice Degeneration with
Hyperpigmentation and
Pigment Epithelium
Atrophy

An asymptomatic 27-year old male patient with
moderate myopia and lattice degeneration in
his left eye presented with complaints of
decreased vision in his left eye.

Ophthalmoscopic Findings (Fig.5.29a, b)
An elongated irregular lesion with blurred bor-
ders is observed in the mid-periphery of the infe-
rior quadrant of the left eye. All through the
lesion, there are whitish areas of pigment epithe-
lium atrophy with choroid showing through. In
the center and at the sides of the lesion there are
dark pigment clumps. The gray line along the
border of the lesion indicates vitreous traction.

OCT Scan Description (Fig.5.29¢)

Scan 1 The retinal surface is irregular and wavy
because of vitreous adhesion and two areas of pig-
ment epithelium atrophy. The neurosensory retina
in the center of the atrophic region is thinned. The
comet-tail effect is observed in the choroid.

Scan 2 Vitreoretinal adhesions with traction at
the borders enlarge. Atrophic lesions and pigment
epithelium hyperplasia are seen in the center.

Scan 3 Vitreoretinal adhesion enlarges sharply.
Neuroepithelium is thinned at the edges, thick-
ened and hyperreflective in the center.

Scan 4 Vitreous traction at the edges of the
degenerative lesion persists. Thin areas of neuro-
epithelium at the edges of the area of degenera-
tion interchange with thick areas in the center.
Hyperplasia of the pigment epithelium is
observed in the center of the scan.

OCT Scan Details (Fig.5.29¢)

¥ Vitreoretinal adhesion and traction

Marked thinning of the neurosensory retina at
the edge of the lesion

+ Increased density of the neurosensory retina,
more pronounced in the center of the lesion

A Pigment epithelium destruction
A Increased density of the pigment epithelium

‘ Increased reflectivity of the choroid in the area
of pigment epithelium destruction

A Decreased reflectivity of the choroid in the
area of dense pigment epithelium
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Fig.5.29 (a) Lattice degeneration with hyperpigmentation and areas of pigment epithelium atrophy. (b) Lines indicate
OCT-scanning direction. (¢) OCT-scanning results according to the position of the lines in (b)
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Case 30. Lattice Degeneration with
Linear Hyperpigmentation

A 77-year old male patient with low hyperopia and
early stage cortical cataract presented with the
main complaint of decreased vision.

Ophthalmoscopic Findings (Fig.5.30a, b)
Multiple pigment deposits are observed along the
retinal vessel in the mid-periphery of the supero-
temporal quadrant of the right eye. Pigment
deposits are arranged in parallel lines. The retina
in the affected region is dark and grayish.

OCT Scan Description (Fig.5.30¢)

Scans 1 and 2 The retinal surface is irregular.
There are multiple hyperreflective deposits of
various shapes in the area of thinned neuroepithe-
lium, shadowing the underlying tissues. A vitreo-
retinal adhesion with traction is seen at the edge
of the area of degeneration.

OCT Scan Details (Fig.5.30¢)

¥ Vitreoretinal adhesion and traction

Thinned and dense neurosensory retina within
the lesion, with more prominent thinning in
the central part

’ Increased
epithelium

density of the pigment

+ Intraretinal hyperreflective deposits within the
whole area of degeneration

A Decreased reflectivity of the choroid at the
level of the intraretinal deposits

A Destructed pigment epithelium between the
intraretinal deposits

‘ Increased reflectivity of the choroid in the area
of pigment epithelium destruction
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scani

scan 2

Fig. 5.30 (a) Lattice degeneration with linear hyperpigmentation along the retinal vessel. (b) Lines indicate OCT-
scanning direction ¢ OCT-scanning results according to the position of the lines in (b)



116

R.B. Shaimov and V.A. Shaimova

Case 31.Lattice Degeneration with
Flap Tear and Shallow
Retinal Detachment

A 50-year-old female patient presented with a
3-day history of flashes of light, sparkles, and
floaters affecting her right eye after physical
exercises. Her ophthalmic history included pre-
ventive retinal laser photocoagulation of her right
eye 4 years ago.

Ophthalmoscopic Findings (Fig.5.31a, b)

An area of vaguely delineated lattice degenera-
tion with a horseshoe tear and shallow retinal
detachment is observed in the mid-periphery of
the superotemporal quadrant of the right eye.
White sclerosed vessels, hyperpigmented zones,
light silvery lines, and a dark-brown haemor-
rhage along the edge of the retinal tear are
observed in the area of degeneration. There are
several laser burns under the shallow retinal
detachment along the border of degeneration.

OCT Scan Description (Fig.5.31¢,d)

There is a full-thickness retinal tear in the left part
of the scan. The neurosensory retina is detached
around the tear. There are marked vitreoretinal
adhesions with traction and multiple intraretinal
cavities with optically transparent content. There
is a section of dense pigment epithelium in the
area of degeneration and the neurosensory retina
stays attached to it. There are multiple hyperre-
flective (consolidated) layers in the vitreous.

OCT Scan Details

C Full-thickness tear of the neurosensory retina
O Neurosensory retinal detachment cavity

+ Multiple intraretinal cavities in the detached
retina

An elevated dense flap of the detached neuro-
sensory retina

A A section of dense pigment epithelium the
retina stays attached to
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Fig.5.31 (a) Full-thickness retinal tear with shallow retinal detachment associated with lattice degeneration. (b) Line
indicates OCT-scanning direction. (¢, d) OCT-scanning results according to the line direction in (b)
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Case 32.”Silvery” Lattice
Degeneration

A 29-year-old male patient presented with the
main complaint of flashes of light after physical
exercises.

Ophthalmoscopic Findings

A large area of degeneration along the retinal
vessel is observed in the mid-periphery of the
superior quadrant of the right eye. The lesion has
clear borders, silvery luster, multiple pigment
clumps of various sizes and multiple sclerosed
vessels (Fig. 5.32a, b).

OCT Scan Description (Fig.5.32¢,d)
The retinal surface is irregular, excavated,
because of vitreoretinal adhesion with traction

at the sides of the lesion. There are areas of
pigment epithelium hyperplasia. The retina
along the blood vessel is hyperreflective. The
layers of the neuroepithelium are dense and
undistinguished. The neurosensory retina is
thinned.

OCT Scan Details

¥ Vitreoretinal adhesion and traction

+ Increased density of the neurosensory retina.
Density increases closer to the central part of

degeneration

Sclerosed retinal vessel in the center of the
lesion
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Fig.5.32 (a) Lattice degeneration. (b) Line indicates OCT-scanning direction. (¢, d) OCT-scanning results according
to the line direction in (b)
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Case 33.Lattice Degeneration with
“Snow Clumps”

A 24-year old moderately myopic female patient
with partial posterior vitreous detachment pre-
sented with the main complaint of floaters affect-
ing her right eye.

Ophthalmoscopic Findings (Fig.5.33a, b)
Whitish, thinned area with blurred borders is
observed in the equatorial retina of the superotem-
poral quadrant of the right eye. There is a white
“snow clump” in the center of the lesion. Along the
edges of the lesion vitreous is changed and pro-
duces tractions. A brunch of retinal vessel passing
through the white clump is poorly visualized.

OCT Scan Description (Fig.5.33¢, d)

The retinal surface is irregular because of vitreo-
retinal adhesion with traction. There is a retinal
vessel in the center of degeneration with thinned
neuroepithelium around it. The photoreceptor
layer is partially destroyed. The retinal pigment
epithelium is intact.

OCT Scan Details (Fig.5.33¢, d)
¥ Vitreoretinal adhesion and traction
Marked thinning of the retina

+ Increased reflectivity (increased density) of
the neurosensory retina

A Destructed photoreceptor layer within the area
of degeneration
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Fig.5.33 (a) Lattice degeneration with “snow clumps” along the retinal vessel. (b) Line indicates OCT-scanning direc-
tion. (¢, d) OCT-scanning results according to the /ine direction in (b)
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Case 34.Round-Shaped Lattice
Degeneration

A 27-year old emmetropic male patient presented
with a 3-days history of floaters and flashes of light
affecting his left eye after physical exercises.

Ophthalmoscopic Findings (Fig.5.34a, b)

A round area of retinal thinning with clearly out-
lined borders is observed in the mid-periphery of
the temporal quadrant of the left eye. Along the
borders of the lesion vitreous is grayish, with
marked traction. In the center of the lesion, the
retina is dense, with areas of hyperpigmentation.

OCT Scan Description (Fig.5.34¢)

Scan 1 The retinal surface is irregular because of
a local area of vitreoretinal adhesion with traction
at the sides. Neurosensory retina layers are
destructively changed and can not be distin-
guished. There are isolated intraretinal hypore-

flective cavities. Pigment epithelium is dense. The
IS/OS line of photoreceptors is not visualized.

Scan2 The retinal profile is irregular, with slightly
elevated inner retinal surface and marked vitreo-
retinal traction. Neuroepithelial and photoreceptor
layers are destructed. Hyporeflective cavities are
enlarged. Pigment epithelium is partially dense.

OCT Scan Details (Fig.5.34¢)

¥ Vitreoretinal adhesions and tractions

+ Increased reflectivity (increased density) of
the neurosensory retina

Intraretinal hyporeflective cavities at the level
of vitreoretinal adhesions

A Dense pigment epithelium within the lesion

A Decreased reflectivity of choroid in the area of
dense parts of pigment epithelium
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Fig.5.34 (a) Round-shaped lattice degeneration. (b) Lines indicate OCT-scanning direction. (¢) OCT-scanning results
according to the lines direction in (b)
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Case 35. Lattice Degeneration with
Retinal Tears and
Vitreoretinal Traction

A 46-year old female patient with moderate myo-
pia and partial posterior vitreous detachment pre-
sented with a 1-week history of flashes of light
and floaters affecting her left eye.

Ophthalmoscopic Findings (Fig.5.35a, b)
An oval lesion with marked hyperpigmentation is
seen in the mid-periphery of the superior quad-
rant of the left eye. Vitreous traction is observed
as grayish bands of dense vitreous humor at the
sides of degeneration. The retina in the center of
the lesion is thinned, with multiple tiny red
defects. Small whitish deposits on the retinal sur-
face represent snowflake degeneration.

OCT Scan Description (Fig.5.35¢)

Scans 1 and 2 The retinal surface is irregular.
There are multiple defects in the neuroepithe-
lium with vitreoretinal adhesions and traction.
Retinal thinning and focal hyperplasia of the
pigment epithelium are observed in the center of
the scan.

Scan 3 The retinal surface is slightly elevated
because of vitreoretinal traction. The posterior

hyaloid membrane is thickened, hyperreflective,
and tightly adherent to the retinal surface. The
neuroepithelium in traction area is hyperreflec-
tive and thickened. Hyperreflective deposits are
seen in the inner retinal layers.

Scan 4 The retinal surface is smooth. Multiple
hyperreflective deposits in the inner retinal layers
are observed in the center of the scan. The neuro-
epithelium is thinned, posterior hyaloid membrane -
thickened and adherent to the retinal surface.

OCT Scan Details (Fig.5.35¢)
¥ Vitreoretinal adhesions and tractions

Marked thinning of the neurosensory retina
(atrophic holes)

+ Increased density of the neurosensory retina,
with marked consolidation in areas of vitreo-
retinal adhesions

A Areas of consolidation and redistribution of
pigment epithelium

A Decreased reflectivity of the choroid corre-
sponding to the dense areas of pigment epithe-
lium and marked vitreoretinal adhesion
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scan 2

Fig.5.35 (a) Lattice degeneration with retinal tears and vitreoretinal traction. (b) Lines indicate OCT-scanning direc-
tions. (¢) OCT-scanning results according to the /ines direction in (b)
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Case 36.”Tortuous” Lattice
Degeneration

A 47-year old male patient with moderate myopia
and mild cortical cataract presented with decreased
vision and floaters affecting his left eye.

Ophthalmoscopic Findings (Fig.5.36a, b)

A clearly outlined whitish area of degeneration is
seen in the mid-periphery of the inferior quadrant
of the left eye. The lesion is elongated and tortu-
ous. Sclerosed vessels and coarse pigment clumps
are seen within the lesion.

OCT Scan Description (Fig.5.36¢)

Scan 1 The retinal surface is irregular. The center
is elevated because of posterior hyaloid membrane
traction. Neuroepithelium is denser in the center;
vitreoretinal tractions are seen on both sides.

Scan 2 Vitreoretinal adhesion and traction sites
are elongated. Posterior hyaloid membrane in
traction area is thickened and tightly adherent to
the retinal surface in the center. Neuroepithelium
is slightly thickened.

Scan 3 Vitreoretinal adhesion site is even lon-
ger. Neuroepithelium in the center is thinned and
contains multiple hyperreflective deposits. There
are areas of destructive changes in the pigment
epithelium.

Scan 4 The scanning was performed across
the degenerative lesion. At the edges of the
lesion, intense vitreous traction and areas of
vitreoretinal adhesion are seen. In the area of
degeneration there are multiple hyperreflective
neuroepithelium deposits, pigment epithelium
is destructed.

OCT Scan Details (Fig.5.36¢)
¥ Vitreoretinal adhesion and traction

+ Increased density of the neurosensory retina at
the site of vitreoretinal adhesion

Thinned and dense areas of neurosensory
retina

A Intraretinal hyperreflective deposits

O Cross-section image of sclerosed vessels with
thickened walls

A Pigment epithelium destruction

‘ Increased reflectivity of the choroid at the
level of the pigment epithelium destruction

A Decreased reflectivity of the choroid at the
level of the intraretinal deposits
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Fig. 5.36 (a) Tortuous lattice degeneration. (b) Lines indicate OCT-scanning direction. (¢) OCT-scanning results
according to the /ines direction in (b)
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Case 37.Lattice Degeneration with
Retinoschisis

A 54-year old female patient with moderate myo-
pia and partial posterior vitreous detachment pre-
sented with a 15-day history of flashes of light
and floaters affecting her right eye.

Ophthalmoscopic Findings (Fig.5.37a, b)
An elongated lesion with marked hyperpigmen-
tation and blurred borders is seen in the mid-
periphery of the inferotemporal quadrant of the
right eye. The vitreous humor over the degenera-
tive lesion is gray, cloudy and dense; therefore, it
is difficult to see the degeneration in details.
There is an oval full-thickness retinal tear in the
upper part of the lesion.

OCT Scan Description (Fig.5.37¢)

Scan1 The retinal surface is smooth. In the cen-
ter of the scan, there are multiple hyperreflective
deposits in the neuroepithelium. On the right side
of the scan (bottom of the lesion) retinal layers
separate forming retinoschisis. Posterior hyaloid
membrane is thickened and hyperreflective,
tightly adherent to the retinal surface. No vitreo-
retinal traction is apparent.

Scan 2 The retinal surface is irregular because
of vitreoretinal adhesion site, with traction at
the edges of the lesion, and a full-thickness tear
on the upper edge of degeneration. Intraretinal
hyporeflective cavities, retinoschisis, and
hyperplasia of the retinal pigment epithelium

are observed in the center and at the bottom of
the lesion.

Scan 3 Vitreoretinal adhesion and traction per-
sists. Multiple hyporeflective cavities are
observed on the left side of the scan (upper part
of the lesion). Retinal cavities merge and separate
the retina on the right side of the scan.

OCT Scan Details (Fig.5.37¢)

¥ Vitreoretinal adhesion and traction

C Full-thickness tear of the neurosensory retina

=+ Dense neurosensory retina at the sites of vit-
reoretinal adhesion

O Cross-section image of a sclerosed vessel with
thickened walls

A Intraretinal hyporeflective cavities within the
lesion

A Separation of the neurosensory retina layers by
multiple intraretinal hyporeflective cavities

A Dense pigment epithelium
A Decreased reflectivity of the choroid
@ Increased reflectivity of choroid at the level of

the pigment epithelium destruction and blood
vessel sclerosis
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Fig.5.37 (a) Lattice degeneration with hyperpigmentation and spongy retina around. (b) Lines indicate OCT-scanning
direction. (¢) OCT-scanning results according to the lines direction in (b)
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Case 38. Atypical Lattice
Degeneration

A 4l-year old male patient presented with a
1-week history of floaters affecting his right eye.

Ophthalmoscopic Findings (Fig.5.38a, b)
An elongated lesion with areas of spongy pig-
mentation, irregular surface and blurred borders
is observed in the mid-periphery of the infero-
temporal quadrant of the right eye. The lesion has
atypical localization: perpendicular to the equa-
tor, along the retinal vessel.

OCT Scan Description (Fig.5.38¢, d)

The retinal surface is irregular because of vitreo-
retinal adhesion site with traction at the edges.
Areas of dense neuroepithelium, hyperplasia of
the pigment epithelium, and a retinal vessel with
thickened walls are observed in the center of the

lesion. On the left side of the scan, there is a full-
thickness tear with an operculum, which is fixed
by vitreoretinal adhesion.

OCT Scan Details (Fig.5.38¢, d)

¥ Vitreoretinal adhesion and traction

* Intraretinal hyporeflective cavities
C Full-thickness tear of the neurosensory retina

O Cross-section image of the vessels with thick-
ened walls

A Dense pigment epithelium

A Decreased reflectivity of the choroid at the
level of dense pigment epithelium

A Pigment epithelium destruction

‘ Increased choroidal reflectivity
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Fig. 5.38 (a) Atypical lattice degeneration. (b) Line indicates OCT-scanning direction. (¢, d) OCT-scanning results
according to the line direction in (b)
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Retinal Tufts

Retinal tuft (vitreoretinal fibrous band) is a small
area of retinal degeneration, in which retina is
attached to and pulled by the vitreous (Table 5.4).
This process causes significant vitreous traction
[1, 31]. Various authors distinguish several types
of retinal tufts: cystic, noncystic, and zonular
traction tufts [32-35]. Noncystic retinal tufts are
as a rule less than 0.1 mm in size, are not associ-
ated with vitreous traction, and are more com-
monly found in the far-peripheral, or less
commonly, in the pre-equatorial retina. Cystic
tufts are larger than 0.1 mm, and can be found in
any part of the retina, with mainly equatorial dis-
tribution [1].

Noncystic tufts are present in up to 72 % of
adults, and are bilateral in nearly half of the

cases. Cystic tufts are present in 5 % of adult
patients and are bilateral in only 6 % of cases.
Zonular traction tufts occur in 15 % of adults,
and 15 % of cases have bilateral distribution
[34].

Persistent vitreous traction associated with
retinal tufts can result in retinal tears and detach-
ment. Cystic retinal tufts are reported to be
found in 10 % of patients with retinal detach-
ment; however, this degeneration accounts for
less than 1 % of rhegmatogenous retinal detach-
ment [15].

The need for prophylactic laser treatment for
retinal tufts remains controversial. Given the low
risk of retinal detachment, prophylactic laser
treatment is not recommended by the majority of
experts; however, patients should be routinely
examined [29].
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Table 5.4 Diagram of peripheral retinal degenerations

Retinal tuft in sector 11 is highlighted in yellow
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Case 39. Noncystic Retinal Tuft

An asymptomatic 28-year-old male patient pre-
sented with mild myopia. Retinal degeneration
was diagnosed during ophthalmoscopic examina-
tion with a 60.0 D lens.

Ophthalmoscopic Findings (Fig.5.39a, b)

A well-outlined irregular atrophic lesion of the pig-
ment epithelium is observed along a retinal vessel
in the mid-periphery of the temporal quadrant of
the left eye. The lesion is surrounded by black pig-
ment clumps. The retina in the center of degenera-
tion is grayish and elevated into the vitreous.

OCT Scan Description (Fig.5.39¢, d)

The retina is locally elevated. Neurosensory ret-
ina is thickened; there is an early-stage shallow
detachment, and small hyporeflective cavities.
Vitreous traction is observed. Two areas of retinal
thinning and pigment epithelium atrophy are
seen on both sides of the lesion, causing a shadow
effect on the underlying tissues.

OCT Scan Details (Fig.5.39¢, d)
¥ Vitreoretinal adhesion and tractions

+ Dense neurosensory retina elevated by vitre-
ous traction

Marked retinal thinning along the adhesion
site

A Pigment epithelium destruction along the
adhesion site

A Dense pigment epithelium along the borders
of destruction

A Decreased choroidal reflectivity at the level of the
elevated retina and dense pigment epithelium

@ Increased choroidal reflectivity in the area of
pigment epithelium destruction
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Fig.5.39 (a) Noncystic retinal tuft. (b) Line indicates OCT-scanning direction. (¢, d) OCT-scanning results according
to the line direction in (b)
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Case 40. Retinal Tuft with Focal
Pigment Epithelium
Atrophy

A 2l-year-old female patient with moderate
myopia presented with a I-month history of
floaters affecting her right eye during eye
movements.

Ophthalmoscopic Findings (Fig. 5.40a, b)
An oval atrophic lesion is observed in the mid-
periphery of the inferior quadrant of the right eye.
Its inferotemporal border is marked with a gray
spongy line that deepens into the atrophic cavity.
Pigment clumps are seen at the edges of the area
of degeneration. The choroid is clearly visible
through the lesion.

OCT Scan Description (Fig. 5.40c)

Scan 1 The retinal surface is slightly changed
because the neuroepithelium layer is thinned.
The IS/OS line cannot be visualized. The pig-
ment epithelium appears atrophic. The choroid is
more transparent. Vitreous is condensed, its
reflectivity is irregular.

Scan 2 Retina is more incurvated, because its
neurosensory layer became thinner. Destructive
changes are observed in the pigment epithelium.

Scan 3 Vitreoretinal adhesion and traction are
clearly seen. The retinal incurvation is seen in the
center, and IS/OS line is not observed. Pigment epi-
thelium destruction casts a hyperreflective shadow
over the choroid. Vitreous over the degenerative
lesion is radically destructed, and an area of vitreous
liquefaction is seen in the center of the scan.

OCT Scan Details (Fig. 5.40¢)

¥ Dense vitreous at the sites of vitreoretinal
adhesion

Retinal thinning in the atrophic region

A Destroyed pigment epithelium and the photo-
receptor layer

@ Increased choroidal reflectivity at the level of
the pigment epithelium destruction

+ Dense elevation of the neurosensory retina
with vitreoretinal adhesion
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Case 41. Cystic Retinal Tuft

A 37-year-old female patient with low hyperopia
presented with a 1-month history of floaters
affecting her left eye.

Ophthalmoscopic Findings (Fig.5.41a, b)
Two focal areas of hyperpigmentation are observed
in the mid-periphery of the temporal quadrant of
the left eye. The lesions are gray and elongated.

OCT Scan Description (Fig.5.41¢)

Scan 1 The retinal surface is smooth, the layers
of neurosensory retina are well distinguished.
Pigment epithelium is dense and has increased
reflectivity.

Scan 2 Vitreoretinal adhesions change the reti-
nal surface. There is a hyporeflective cavity in the
neurosensory retina. The reflectivity of the pig-
ment epithelium and choroid is decreased.

Scan3 Retinal surface remains irregular because
of dense and elevated area of neuroepithelium
with dense pigment epithelium at the sides.

Scan 4 Retinal surface is irregular because of
traction area with a hyporeflective cavity. The
neuroepithelial layers are indistinguishable.
Multiple intraretinal hyporeflective cavities
on both sides of the elevation separate the neu-
rosensory retina into the inner and outer
layers.

OCT Scan Details (Fig.5.41¢)

¥ Vitreoretinal adhesion and traction site
Elevated and dense neurosensory retina

A Dense area of pigment epithelium

A Decreased reflectivity of the choroid at the
level of vitreoretinal adhesion

O Intraretinal hyporeflective cavity in the outer
neurosensory layers at the level of vitreoreti-
nal adhesion

<+ Multiple intraretinal hyporeflective cavities
between the inner and outer layers of the neu-
rosensory retina
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Fig.5.41 (a) Cystic vitreoretinal tufts. (b) Lines indicate OCT-scanning direction. (¢) OCT-scanning results according
to the lines direction in (b)
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Case 42.Retinal Tuft with Shallow
Retinal Detachment

A 6l-year-old female patient with moderate
myopia and partial posterior vitreous detachment
presented with a 1-week history of floaters affect-
ing her left eye.

Ophthalmoscopic Findings (Fig.5.42a, b)
An irregular hyperpigmented area of pigment
epithelium with blurred borders is observed
between two retinal vessels in the mid-periphery
of the inferotemporal quadrant of the left eye.
The retina in the center and at the edges of the
lesion is gray and elevated.

OCT Scan Description (Fig.5.42¢, d)

The retinal profile is elevated by traction of the
posterior hyaloid membrane. There is a shallow
retinal detachment with hyporeflective content
and large, merging hyporeflective cavities within
the elevation. The elevated area of dense retina
decreases choroidal reflectivity. The pigment
epithelium is partially destroyed along the

degeneration border, which makes the choroid
hyperreflective.

OCT Scan Details (Fig.5.42¢, d)
¥ Vitreoretinal adhesion and traction

Elevated dense inner layers of the neurosen-
sory retina with irregular reflectivity

+ Large intraretinal cavity filled with hypore-
flective fluid separating the inner and outer
neurosensory layers

O Shallow detachment of the neurosensory retina

A Pigment epithelium and photoreceptor layer
destruction

@ Increased choroidal reflectivity at the level of
the pigment epithelium destruction

A Decreased choroidal reflectivity at the level of
the retinal elevation
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Fig. 5.42 (a) Retinal tuft with shallow retinal detachment. (b) Line indicates OCT-scanning direction. (¢, d) OCT-
scanning results according to the /ine direction in (b)
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Case 43. Granular Retinal Tuft
(“Granular Tails”)

A 45-year-old mildly myopic female patient pre-
sented with a 3-month history of flashes of light
affecting her right eye. The patient had a car acci-
dent 1 year prior to this presentation but was not
referred to an ophthalmologist.

Ophthalmoscopic Findings (Fig.5.43a, b)

A large area of preretinal fibrosis closely
adherent to the retina is observed in the mid-
periphery of the inferior quadrant of the right
eye. The lesion is gray, irregular, and clearly
outlined.

OCT Scan Description (Fig.5.43¢, d)

The retinal profile is altered by elevated area of
neuroepithelium with vitreoretinal adhesion. A
hyporeflective intraretinal cavity is observed
within the lesion, causing a decrease in choroidal
reflectivity. Layers of the neuroepithelium and

pigment epithelium cannot be distinguished. The
pigment epithelium is destructed, and choroid is
hyperreflective along the edge of the lesion.
OCT Scan Details (Fig.5.43¢, d)

Elevated and dense neurosensory retina

¥ Vitreoretinal adhesion and traction

+ A large intraretinal hyporeflective cavity sepa-
rating the inner and outer neurosensory layers

al Pigment epithelium and photoreceptor layer
destruction

¢ Increased choroidal reflectivity at the level of
the pigment epithelium destruction

A Decreased choroidal reflectivity at level of
the dense elevation of the neurosensory
retina
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Fig.5.43 (a) Granular retinal tuft. (b) Line indicates OCT-scanning direction. (¢, d) OCT-scanning results according
to the line direction in (b)
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Case 44.Retinal Tuft with Areas of
Chorioretinal Atrophy

An asymptomatic emmetropic 50-year-old male
patient came for a routine examination.

Ophthalmoscopic Findings (Fig.5.44a, b)
Three irregular whitish areas of pigment epithe-
lium atrophy are observed in the mid-periphery
of the superotemporal quadrant of the right eye.
The lesions are clearly outlined, with retinal ves-
sels observed within them. An irregular gray area
of fibrosis with blurry borders is seen between
the lesions.

OCT Scan Description (Fig.5.44c, d)

The retinal surface is irregular because of the
large elevated area of vitreoretinal adhesion. In
the center of the adhesion there are multiple
irregular intraretinal cavities filled with hypore-
flective fluid, and multiple hyperreflective depos-

its. Vitreous adhesions are seen at the borders of
the elevated area. Laterally, there is an atrophic
area of pigment epithelium that casts a hyperre-
flective comet-tail shadow and an area of thinned
neuroepithelium.

OCT Scan Details (Fig. 5.44c, d)
¥ Elevated neurosensory retina at the site of vit-

reoretinal adhesion

+ Intraretinal hyporeflective cavities in the ele-
vated neurosensory retina

Pigment epithelium destruction
A Dense areas of the pigment epithelium

@ Increased choroidal reflectivity at the level of
the pigment epithelium destruction

A Decreased choroidal reflectivity at the level of
dense areas of the pigment epithelium
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Fig.5.44 (a) Retinal tuft surrounded by areas of chorioretinal atrophy. (b) Line indicates OCT-scanning direction. (¢,
d) OCT-scanning results according to the line direction in (b)
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Peripheral Retinal Tears

Isolated peripheral retinal tear (Table 5.6) is a
deep defect in the sensory retina. Isolated tears
are considered the most severe retinal degenera-
tion because of a high risk of rhegmatogenous
retinal detachment (2.9-18 %) [8, 36, 37]. The
prevalence of isolated retinal tears is 9-12 % in
general population [38, 39]. Flap tears with vitre-
ous traction are associated with retinal detach-
ment in 33-55 % of cases [6].

Isolated peripheral lesions are subdivided into
retinal tears or retinal holes [13]. Round retinal
hole is a result of atrophic changes in the neuro-
sensory retina, whereas retinal tear is secondary
to vitreous traction [3, 17, 30]. Retinal tears are
caused by traction at the sites of vitreoretinal
adhesion that often occurs in acute posterior vit-
reous detachment. Retinal tears are reported to
occur in eyes with PVD in 8.2-47.6 % of cases
[40]. There are several types of isolated periph-
eral retinal tears: retinal holes, flap tears, opercu-
lated tears, and ora tears [8, 13,41]. The frequency
of flap tears in idiopathic intraocular haemor-
rhage and in PVD was reported to be 70 % and
15 %, respectively [3].

Prophylactic laser treatment is indicated in
all cases of retinal dialysis and flap tears, less
frequently performed in operculated tears, and
is usually not performed for atrophic retinal
holes [17]. According to some experts, symp-

tomatic tears are associated with the highest
risk of rhegmatogenous retinal detachment
and should always be treated surgically [39,
42, 43].

Symptomatic retinal tears include tears with
persistent vitreous traction (horseshoe or flap
tears), which are an indication for immediate pro-
phylactic treatment, and tears without traction
(operculated tears), which do not require imme-
diate prophylactic treatment [6]. We would rec-
ommend to follow recommendations of the
American Academy of Ophthalmology for laser
coagulation in retinal tears adapted by Brinton
and Wilkinson in Table 5.5 [6].

The most common prophylactic treatment is
transpupillary retinopexy, in which two to five
rows of confluent laser burns are placed around
the lesion. The pulse energy depends on the reti-
nal pigmentation around the tear [13, 39, 44].
The recommended spot size is 200 pm, with
exposure time 0.1-0.2 s [13].

Saurabh et al. proposed a different approach
in treating retinal tears with large confluent
laser spots (up to 3 mm) to ensure complete
closure of the tear. The following parameters
were proposed: power — 800-1,200 mW,
spot size — 1.2-3.0 mm, exposure time —
5-10 sec. It is noteworthy that the size of the
chorioretinal scar did not correlate with the
pigmentation [45].
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Table 5.5 Guidelines for prophylactic laser photocoagulation

Asymptomatic
Type of break With symptoms  No risk factors High myopia  Fellow eye*  Pseudophakia®
Dialysis Always© Always® Always® Always© Always®
Subclinical retinal detachment ~ Always* Sometimes Frequently Frequently ~ Frequently
Horseshoe tear Always® Sometimes Sometimes Frequently  Frequently
Operculated tear Sometimes No Rarely Rarely Rarely
Atrophic break Rarely Rarely Rarely Rarely Rarely

Adapted version of table from Brinton and Wilkinson [6]. Reproduced with the permission of Oxford University Press.
Taken from original version in Precursors of Rhegmatogenous Retinal Detachment in Adults. San Francisco, CA:
American Academy of Ophthalmology; 2008, by Permission of American Academy of Ophthalmology Retina Panel.
Preferred Practice Pattern®Guidelines. Available at: www.aao.org/ppp

*Applies to patients who have had a retinal detachment in the other eye

"Patients with pseudophakia, aphakia, and prior to cataract surgery

‘Exceptions may apply

Table 5.6 Diagram of peripheral retinal degenerations
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Case 45.Isolated Tear with Shallow
Retinal Detachment

A 22-year-old male patient with moderate
myopia presented with low vision in his right
eye.

Ophthalmoscopic Findings (Fig.5.45a, b)

A round, bright red full-thickness tear with clear
borders is observed in the far-periphery of the
inferior quadrant of the right eye. The surround-
ing retina is gray and elevated by shallow (sub-
clinical) retinal detachment.

OCT Scan Description (Fig.5.45¢,d)

There is a full-thickness tear of the neurosensory
retina in the center of the scan with shallow reti-
nal detachment at the edges. The tear edges are

thickened, with multiple small intraretinal hypo-
reflective cavities.

OCT Scan Details (Fig.5.45¢, d)

C Full-thickness tear of the neurosensory retina

+ Detached neurosensory retina at the tear
edges, with multiple hyporeflective

cavities

O Hyporeflective space of the shallow neurosen-
sory detachment

Pigment epithelium destruction within the tear

¢ Increased choroidal reflectivity at the level of
the pigment epithelium destruction
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Fig. 5.45 (a) Isolated retinal tear with shallow detachment. (b) Line indicates OCT-scanning direction. (¢, d) OCT-
scanning results according to the line direction in (b)
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Case 46.Isolated Retinal Tear with a
Demarcation Line

A 69-year-old female patient with low hyperopia,
early-stage cataract and partial posterior vitreous
detachment presented with a 1-month history of
floaters affecting her right eye.

Ophthalmoscopic Findings (Fig. 5.46a, b)

A round-shaped, full-thickness tear with well-
defined borders is observed in the superotempo-
ral segment of the mid-peripheral retina of the
right eye. The retina in the center of the tear is
bright red, with whitish deposits. The surround-
ing retina is gray and spongy, with a hyperpig-
mented demarcation ring. Gray operculum is
seen in the vitreous.

OCT Scan Description (Fig. 5.46¢, d)
The retinal surface is irregular because of the
full-thickness tear. The pigment epithelium is

thickened at the tear margins, and there is a shal-
low neurosensory detachment with multiple
hyporeflective intraretinal cavities.
OCT Scan Details (Fig.5.46¢, d)

C Full-thickness tear of the neurosensory retina

+ Hyporeflective intraretinal cavities in the tear
margins

O Shallow neurosensory detachment at the edges
of the tear

Pigment epithelium destruction at the tear edges

¢ Increased choroidal reflectivity at the level of
the pigment epithelium destruction

A Dense areas of pigment epithelium along the
borders of its destruction
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Fig.5.46 (a) Demarcated retinal tear with an operculum in the vitreous. (b) Line indicates OCT-scanning direction. (c,
d) OCT-scanning results according to the line direction in (b)
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Case 47.0perculated Retinal Tear
with Shallow Retinal
Detachment

A 77-year-old female patient with mild hypero-
pia and early-stage cataract of her left eye pre-
sented with complaints of flashes of light and
floaters affecting her left eye.

Ophthalmoscopic Findings (Fig.5.47a, b)

A bright red full-thickness tear is observed in the
mid-periphery of the inferotemporal quadrant of
the left eye. There is a grayish operculum in the
vitreous over the tear. The tear is surrounded by
the atrophic pigment epithelium, with pigment
clumps of various shapes. The retina around the
tear has a spongy appearance.

OCT Scan Description (Fig.5.47¢,d)

The retinal surface is irregular because of the
full-thickness tear. There is a hyperreflective
operculum adherent to the posterior hyaloid
membrane at the vitreous level. At the edges of
the tear, the pigment epithelium is dense, and
there is a shallow neurosensory detachment.

OCT Scan Details (Fig.5.47¢,d)
¥ Vitreoretinal adhesion and traction

Aa moderately reflective operculum floating in the
vitreous, with a shadow effect on the choroid

C Full-thickness tear of the neurosensory retina
+ Detached neurosensory retina at the tear margin

O Hyporeflective space under the shallow neuro-
sensory detachment

A Areas of thick and spongy pigment epithelium
at the edges of the shallow neurosensory
detachment

@ Increased choroidal reflectivity at the level of
the spongy pigment epithelium

A Decreased choroidal reflectivity at the level of
the floating operculum
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Fig.5.47 (a) Operculated retinal tear with shallow retinal detachment. (b) Line indicates OCT-scanning direction. (c,
d) OCT-scanning results according to the line direction in (b)
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Case 48.Double Tear with Shallow
Retinal Detachment

A 29-year-old male patient with moderate hypero-
pia and posterior vitreous detachment presented
with complaints of sudden floaters in his right eye.

Ophthalmoscopic Findings (Fig.5.48a, b)
Two well-defined bright red full-thickness retinal
tears are observed along the retinal vessel in the
mid-periphery of the inferior quadrant of the right
eye. Both tears are surrounded by clearly outlined
elevated grayish areas with subretinal fluid, i.e.
shallow (subclinical) retinal detachment.

OCT Scan Description (Fig.5.48¢, d)

The retinal surface is irregular because of two
full-thickness neurosensory tears. A retinal
vessel is seen between the tears in the intact

neuroepithelium. A shallow neuroepithelium
detachment surrounds the tears. There are two
vitreous fibrotic folds of moderate reflectivity
at the edges of the lesion, that cause traction.
The neuroepithelium contains small cylindri-
cal cavities with hyporeflective content in the
traction area. The pigment epithelium is intact.

OCT Scan Details (Fig.5.48¢, d)
¥ Vitreoretinal adhesion and traction

C Full-thickness tear of the neurosensory
retina

+ Small intraretinal cavities with hyporeflective
content

O Shallow detachment of the neurosensory retina
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Fig. 5.48 (a) Double tear with shallow retinal detachment. (b) Line indicates OCT-scanning direction. (¢, d) OCT-
scanning results according to the line direction in (b)
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Case 49. Multiple Tears with Shallow
Retinal Detachment

A 24-year-old male patient with moderate myo-
pia, incomplete posterior vitreous detachment,
presented with a 1-year history of lightnings and
floaters affecting his left eye and complaints about
low vision. Examination revealed multiple tears
with shallow retinal detachment. The patient’s
condition improved after laser photocoagulation.

Ophthalmoscopic Findings (Fig.5.49a, b)
Four full-thickness round-shaped retinal tears are
observed over a shallow retinal detachment in the
far-periphery of the inferotemporal quadrant of
the left eye. The retina is spongy and gray at the
detachment level. All retinal tears with shallow
detachment are limited by three to four rows of
pigmented laser spots. The laser spots are clearly
seen.

OCT Scan Description (Fig. 5.49¢)

Scan 1 The neurosensory retina is detached.
Vitreoretinal adhesion with traction is observed
at the apex of detachment.

Scan 2 Shallow neuroepithelium detachment, a
full-thickness retinal tear, and isolated areas of
vitreoretinal adhesions and tractions are observed.
Areas of pigment epithelium are destructed and
cause hyperreflectivity of the underlying tissues
with the scanning beam easily passing through.

OCT Scan Details (Fig.5.49¢)

¥ Vitreoretinal adhesion and traction, with lay-
ers of moderate reflectivity in the vitreous

+ Detached neurosensory retina around the tear,
with isolated vitreoretinal adhesions

C Full-thickness tear of the neurosensory retina

O Hyporeflective space of the detached neuro-
sensory retina

Areas of pigment epithelium destruction
within the detached neurosensory retina

@ Increased choroidal reflectivity at the pigment
epithelium destruction level
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Fig.5.49 (a) Multiple tears with shallow neuroepithelium detachment. (b) Lines indicate OCT-scanning direction. (c)
OCT-scanning results according to the /ines direction in (b)
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Case 50. Multiple Isolated Retinal
Tears

An 18-year-old male patient with mild myopia
and partial posterior vitreous detachment pre-
sented with a 1-week history of floaters and
flashes of light during eye movements.

Ophthalmoscopic Findings (Fig.5.50a, b)
Three round-shaped full-thickness retinal tears
with well-defined borders are observed in the far-
periphery of the inferotemporal quadrant of the
left eye. The retina around the tears is gray and
elevated because of shallow (subclinical) retinal
detachment.

OCT Scan Description (Fig.5.50¢)

Scan 1 A full-thickness tear of the neurosen-
sory retina is observed in the center of the scan.
There is a shallow retinal detachment at the
edges of the tear with the retina elevated by vit-
reous adhesion and traction. Hyporeflective cav-
ities are observed in the detached retinal tissue.
At the level of the tear, there is an isolated hyper-
reflective zone, with adjacent area of pigment
epithelium destruction that makes choroid
hyperreflective.

Scan 2 Another full-thickness neurosensory
retina tear is observed, with mild vitreoretinal
adhesions at the side. Area of pigment epithelium
is destructed at the level of the tear, and the cho-
roid is hyperreflective.

Scan 3 A third full-thickness tear with flat reti-
nal detachment and vitreoretinal adhesion with
traction at the edge is observed. The neurosen-
sory retina is dense and hyperreflective at the site
of adhesion. Area of pigment epithelium is
destructed at the level of the tear, and choroid is
hyperreflective.

OCT Scan Details (Fig.5.50¢)
¥ Vitreoretinal adhesions and tractions

C Full-thickness tear of the neurosensory
retina

A Area of dense neurosensory retina elevated by
vitreoretinal traction

OHyporeﬂeCtive space of the shallow retinal
detachment

+ Isolated hyporeflective cavities at the base of
the shallow detachment and at the border of
the full-thickness tear

Isolated hyperreflective area on the pigment
epithelium

A Pigment epithelium destruction in the area of
the full-thickness tear

@ Increased choroidal reflectivity at the level of
the pigment epithelium destruction
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Fig. 5.50 (a) Multiple isolated retinal tears. (b) Lines indicate OCT-scanning direction. (¢) OCT-scanning results
according to the lines direction in (b)
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Case 51.0Operculated Retinal Tear
and Complete Posterior
Vitreous Detachment

A 62-year-old female patient with moderate
myopia and complete posterior vitreous detach-
ment presented with an 8-day history of floaters
affecting her right eye.

Ophthalmoscopic Findings (Fig.5.51a, b)
An elongated, cylindrical full-thickness retinal
tear with irregular inner borders is observed in the
far-periphery of the inferior quadrant of the right
eye. The retina around the tear is gray-colored and
spongy. A gray operculum is seen floating in the
vitreous over the tear. An area of hyperpigmented
pigment epithelium is on the left side of the retinal
tear with no details visible (See OCT image).

OCT Scan Description (Fig.5.51¢)

Scan 1 The retinal surface is irregular because
of the full-thickness tear. A hyporeflective oper-
culum adheres to the posterior hyaloid membrane
and casts a shadow over the underlying struc-
tures. There is a shallow retinal detachment at the
edges of the tear. Isolated areas of dense pigment
epithelium are seen within the tear. The posterior
hyaloid membrane is wrinkled and detached all
along the scan.

Scan 2 A large, full-thickness retinal tear with
dense margins is observed. There are isolated

areas of dense pigment epithelium within the
tear. The posterior hyaloid membrane is wrinkled
and detached all along the scan.

OCT Scan Details (Fig.5.51¢)

¥ Vitreoretinal adhesion and traction, with lay-
ers of increased reflectivity in the vitreous

A An operculum floating in the vitreous over the
tear (a small area of neurosensory retina
adhering to the vitreous)

C Full-thickness tear of the neurosensory retina

+ Dense and detached neurosensory retina at the
tear margins

O Shallow neurosensory detachment at the tear
margins

A Areas of pigment epithelium destruction
within the tear and shallow detachment

‘ Increased choroidal reflectivity at the level of
the pigment epithelium destruction

A Decreased choroidal reflectivity at the level of
the floating operculum and vitreoretinal
adhesion
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Fig.5.51 (a) Operculated retinal tear. (b) Lines indicate OCT-scanning direction. (¢) OCT-scanning results according
to the lines direction in (b)
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Case 52.Operculated Retinal Tear in
Chorioretinal Atrophic
Focus

A 78-year-old male patient with moderate myopia
and early-stage cortical cataract presented with
complaints of decreased visual acuity in his left eye.
Differential diagnosis excluded toxoplasmosis.

Ophthalmoscopic Findings (Fig.5.52a, b)

A large round area of pigment epithelium atrophy
with well-defined borders is observed in the mid-
periphery of the inferotemporal segment of the
left eye. Black pigment clumps are seen in the
center and along the borders of the lesion. There
is a bright red, round retinal tear in the center of
the lesion. An operculum is seen floating freely
in the vitreous over the tear. Choroidal vessels are
clearly visible through the atrophic lesion. The
ocular media are opaque because of cortical
cataract.

OCT Scan Description (Fig.5.52¢, d)

The retinal surface is irregular, as neuroepithe-
lium is partially thinned and thickened, and there
is a large full-thickness retinal tear. A hyperre-
flective operculum at the level of the tear causes a

shadow effect in the underlying tissues. There is
a large area of pigment epithelium atrophy with
hyperreflective zones around and at the edges of
the tear. Vitreoretinal adhesion and traction is
observed at the tear edges.

OCT Scan Details (Fig.5.52¢, d)

A Moderately reflective operculum floating in the
vitreous, and shadowing the underlying tissues

¥ Vitreoretinal adhesion and traction
C Full-thickness tear of the neurosensory retina

+ Dense and partially detached area of the neu-
rosensory retina

O Shallow neurosensory detachment at the tear
margins

A Areas of dense pigment epithelium within the
chorioretinal lesion

A Hyporeflective area at the operculum level

Thinned and dense neurosensory retina
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Fig.5.52 (a) Chorioretinitis with an operculated retinal tear in the center. (b) Line indicates OCT-scanning direction.
(¢, d) OCT-scanning results according to the /ine direction in (b)
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Case 53.Peripheral Retinal Tear
with Honeycomb
Degeneration

An asymptomatic 70-year-old female patient
with low hyperopia and early-stage cortical cata-
ract. The degeneration was found during routine
examination.

Ophthalmoscopic Findings (Fig.5.53a, b)
Multiple pigment clumps of various forms and sizes
corresponding to the honeycomb degeneration are
observed in the mid-periphery of the temporal
quadrant of the right eye. A gray area of retinal ele-
vation with blurred borders is visible along a retinal
vessel further in the far-periphery. Due to cortical
cataract, ocular media are not enough transparent
and retinal layers are poorly distinguished.

OCT Scan Description (Fig.5.53¢, d)

The neurosensory retina is detached and has a full-
thickness tear at the apex with considerable vitreo-
retinal adhesion and traction. There is a shadow

effect (decrease in reflectivity) in the underlying
tissues at the level of adhesion. There are areas of
dense pigment epithelium within the detachment.
OCT Scan Details (Fig.5.53¢, d)

¥ Vitreoretinal adhesion and traction

C Full-thickness tear of the neurosensory retina

A The detached margin of the neurosensory ret-
ina with vitreous traction

+ The detached margin of the neurosensory ret-
ina without traction

OHyporeﬂective space under the retinal
detachment

A Locally dense pigment epithelium

A Decreased choroidal reflectivity in the area of
the vitreoretinal adhesion
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Fig. 5.53 (a) Retinal tear with honeycomb degeneration. (b) Line indicates OCT-scanning direction. (¢, d) OCT-
scanning results according to the /ine direction in (b)
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Case 54.Tractional Retinal Tear in
the Center of Atrophic
Lesion

A 47-year-old emmetropic female patient with no
symptomatic complaints came to have her reading
glasses prescribed. Routine fundus examination
revealed a clearly outlined atrophic lesion.

Ophthalmoscopic Findings (Fig.5.54a, b)

An isolated oval area of pigment epithelium atro-
phy is observed in the mid-periphery of the inferior
quadrant of the right eye. The lesion has clear bor-
ders, with pigment clumps along them. The cho-
roid pattern is visible through the lesion. There is a
retinal vessel in the nasal part of the lesion. The
vitreous over the degenerative lesion is opaque.

OCT Scan Description (Fig.5.54¢)

Scans 1 and 3 Scans were performed through the
upper (central) and lower (peripheral) segments of
degeneration (lines 1 and 3, respectively). The reti-
nal surface is irregular. The neurosensory retina is
considerably thinned, has multiple intraretinal

cavities. The pigment epithelium and photorecep-
tor layer are atrophic. The reflectivity of the retinal
layers is increased because of atrophic changes in
the pigment epithelium.

Scan 2 A full-thickness tear with vitreous trac-
tion is observed in the center of the atrophic area.
Pigment epithelium and photoreceptor layer are
destructed and the choroid is hyperreflective.
OCT Scan Details (Fig. 5.54¢)

¥ Marked vitreoretinal adhesion and traction

<+ Multiple intraretinal cavities with hyporeflec-
tive content

A Pigment epithelium and photoreceptor layer
destruction

@ Increased choroidal reflectivity in the area of
pigment epithelium destruction

C Full-thickness tear within the atrophic retina
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scan 3

Fig.5.54 (a) Tractional tear in the center of the pigment epithelium atrophy. (b) Lines indicate OCT-scanning direc-
tion. (¢) OCT-scanning results according to the lines direction in (b)
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Case 55.Operculated Retinal Tear
Against Multiple Drusen

A 59-year-old female patient with partial poste-
rior vitreous detachment presented with a 3-day
history of floaters affecting her right eye.

Ophthalmoscopic Findings (Fig.5.55a, b)
Multiple whitish hyperpigmented retinal drusen
are seen in the mid- and far-periphery of the tempo-
ral quadrant of the right eye. In the mid-periphery,
a bright-red full-thickness tear of the neurosensory
retina is seen against the multiple peripheral drusen
near the retinal vessel (at 8:30 o’clock position). A
shallow (subclinical) retinal detachment is at the
edges of the tear. Medially there is a gray opercu-
lum in the vitreous and a small area of retinal
haemorrhage on the retinal surface.

OCT Scan Description (Fig.5.55¢, d)

A full-thickness operculated tear with shallow
neurosensory detachment at the edges is
observed. An operculum in the vitreous over the

tear casts a hyporeflective shadow over the cho-
roid. Pigment epithelium is partially dense and
elevated.

OCT Scan Details (Fig.5.55¢, d)

A Free-floating operculum in the vitreous over
the tear (the neurosensory retina tissue with
vitreoretinal adhesion)

C Full-thickness tear of the neurosensory retina

+ Dense and detached neurosensory retina at the
edges of the tear

O Shallow neurosensory detachment at the edges
of the tear

A Dense and elevated pigment epithelium at the
edges of the shallow detachment

A Hyporeflective shadow of the operculum over
the choroid
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Fig.5.55 (a) Operculated retinal tear against drusen. (b) Line indicates OCT-scanning direction. (¢, d) OCT-scanning
results according to the /ine direction in (b)
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Case 56.Flap Tear

A 45-year-old emmetropic male patient with par-
tial posterior vitreous detachment presented with
complaints of sudden floaters affecting his right
eye for 2 days.

Ophthalmoscopic Findings (Fig.5.56a, b)

A full-thickness flap tear (horseshoe tear) with
sharp borders is visible in the mid-periphery of
the superotemporal quadrant of the right eye. The
flap is light gray and slightly elevated. The retina
along the tear margins is spongy and gray. There
are isolated haemorrhage areas next to the tear
along the retinal vessel.

OCT Scan Description (Fig.5.56c, d)

A full-thickness flap tear makes the retinal profile
irregular. The neurosensory flap is dense and ele-
vated. The choroid is hyporeflective because of
the shadow effect of the flap.

OCT Scan Details (Fig.5.56¢, d)

A Dense and elevated neurosensory retina (reti-
nal flap)

C Full-thickness tear of the neurosensory retina

A Decreased reflectivity of the choroid at the
level of the retinal tear
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Fig.5.56 (a) Flap tear. (b) Line indicates OCT-scanning direction. (¢, d) OCT-scanning results according to the line
direction in (b)
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Case 57.Flap Tear with Vitreous
Traction and Multiple
Haemorrhages

A 58-year-old female patient with severe myopia
and partial posterior vitreous detachment pre-
sented with sudden vision deterioration, flashes
of light and blurry vision affecting her right eye
after physical exercises.

Ophthalmoscopic Findings (Fig.5.57a, b)
An extensive, well-outlined flap tear (horse-
shoe tear) and associated ruptured retinal ves-
sel are observed in the mid-periphery of the
superior quadrant of the right eye. A circular
grayish area of the dense vitreous with trac-
tion is seen at the top of the flap. Multiple red
haemorrhages of various size are observed
near the ruptured vessel. A clearly outlined
area of gray retina is elevated along the tear
edges, indicating a subclinical retinal
detachment.

OCT Scan Description (Fig.5.57¢)

Scan1 The scan is made closer to the bottom of
the retinal tear. The retinal surface is dome-
shaped because of an extensive flap tear. The flap
is elevated into the vitreous, with no adhesion or

traction observed. A hyperreflective shadow
(comet tail) is observed at the tear. The neuro-
sensory retina is detached around the tear.

Scan 2 and 3 Scans are made across the con-
densed vitreous at the vitreoretinal adhesion and
traction at the apex of the tear. The neurosensory

retina is detached around the tear. The retina on
the flap is thinned, with an atrophic hole in it.

OCT Scan Details (Fig.5.57¢)

¥ Vitreoretinal adhesion and traction

A Detached neurosensory retina (retinal flap)
C Full-thickness tear of the neurosensory retina

Local retinal thinning of the retinal flap (atro-
phic hole)

+ Detached neurosensory retina around the tear

OHyporeﬂective space under the detached
retina

A Decreased choroidal reflectivity in the area of
retinal flap and vitreoretinal adhesion
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Fig.5.57 (a) Flap tear with traction and multiple haemorrhages. (b) Lines indicate OCT-scanning direction. (¢) OCT-
scanning results according to the lines direction in (b)
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Case 58.Flap Tear with
Haemorrhages

A 57-year-old male patient with moderate myo-
pia and incomplete posterior vitreous detachment
presented with a 3-day history of visual deterio-
ration and blurry vision affecting his left eye after
a hypertensive episode.

Ophthalmoscopic Findings (Fig.5.58a, b)

A flap tear is seen in the superotemporal quadrant
of the left eye. A retinal vessel is observed pass-
ing through the tear and the flap. The flap mar-
gins are irregular and deformed, with
full-thickness tears. The flap appears to be adher-
ent to the retinal vessel. Isolated haemorrhages
are visible at the tear edges.

OCT Scan Description (Fig.5.58¢)

Scan 1 The retinal surface is changed by a large
flap tear. The tear edges are dense, with the
underlying neurosensory detachment. The cho-
roid is hyporeflective at the level of the tear, with
a hyperreflective shadow at the tear edges.

Scan 2 Full-thickness tears are seen at the flap,
with its apex elevated towards the vitreous by vit-
reous traction. The neuroepithelium is detached
at the tear edges. The choroid reflectivity in the
area of the tear is decreased.

OCT Scan Details (Fig.5.58¢)

A Dense and elevated neurosensory retina
(cross-section image of retinal flap)

C Full-thickness tear of the neurosensory retina
+ Detached neurosensory retina around the tear

OHyporeﬂective space under the detached
retina

A Decreased choroidal reflectivity at the level of
the flap

Area of dense neurosensory retina with the
retinal vessel inside
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Fig. 5.58 (a) Flap tear with haemorrhages. (b) Lines indicate OCT-scanning direction. (¢) OCT-scanning results
according to the lines direction in (b)
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Case 59.Flap Tear with an Intact
Retinal Vessel

A 64-year-old female patient with moderate
myopia, early stage cortical cataract, and partial
posterior vitreous detachment presented with a
10-day history of floaters affecting her left eye.

Ophthalmoscopic Findings (Fig.5.59a, b)

A full-thickness U-shaped tear is seen in the far-
periphery of the superior quadrant of the left eye.
An intact retinal vessel is observed passing
through the center of the tear and the flap. The
retina around the tear is gray and spongy.

OCT Scan Description (Fig.5.59¢, d)

The retinal surface is irregular because of a
large full-thickness tear. In the center of the tear
there is an elevated area of neurosensory retina

with a vessel. There are areas of hyperpigmen-
tation at the flap along the vessel. Shallow neu-
rosensory detachment is seen at the tear edges.

OCT Scan Details (Fig.5.59¢, d)

A Detached neurosensory retina with an intact
vessel

C Full-thickness tear of the neurosensory retina

+ Detached neurosensory retina around the tear
with tiny intraretinal hyporeflective cavities

O Hyporeflective space under the shallow neu-
rosensory detachment at the edges of the tear

A Decreased choroidal reflectivity at the level of
the retinal vessel
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Fig.5.59 (a) Flap tear with an intact retinal vessel. (b) Line indicates OCT-scanning direction. (¢, d) OCT-scanning
results according to the /ine direction in (b)
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Case 60. Flap Tear (U-Shaped)

A 50-year-old male patient presented with com-
plaints of photopsias in his left eye that appear after
physical exercises. Examination revealed a flap
tear (U-shaped) in the periphery of the left eye.

Ophthalmoscopic Findings (Fig.5.60a, b)

A full-thickness U-shaped tear is seen at 9
o’clock position in the mid-periphery of the left
eye. The neuroepithelial flap is clearly outlined
and bright red in color. The retina around the tear
is grayish (localized retinal detachment). There is
a scarlet haemorrhage on the retinal surface
below the tear.

OCT Scan Description (Fig.5.60c, d)

The retinal surface is irregular because of the
full-thickness tear of the neuroepithelium with
clear margins and an overhanging hyperreflec-
tive flap in the vitreous. There is a shallow neu-
rosensory retinal detachment around the tear

margins. The flap causes a hyporeflective effect
at the level of the pigment epithelium and the
choroid.

OCT Scan Details (Fig.5.60c, d)

A Dense and elevated area of the Neurosensory
retina (cross-section image of the flap)

C Full-thickness tear of the neurosensory retina

+ Detached neurosensory retina at the tear
margin

O Hyporeflective space under the detached neu-
rosensory retina

A Thickened pigment epithelium at the tear
margin

A Decreased choroidal reflectivity at the level of
the pigment epithelium and the flap
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Fig.5.60 (a) Flap tear (U-shaped). (b) Line indicates OCT-scanning direction. (¢, d) OCT-scanning results according
to the line direction in (b)
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Case 61.Flap Tear with Demarcated
Shallow Retinal Detachment

A 65-year-old female patient presented with
complaints of floaters affecting her right eye, that
intensified in the past 3 days.

Ophthalmoscopic Findings (Fig.5.61a, b)

A flap retinal tear with shallow detachment
demarcated by a pigment line is seen in the tem-
poral quadrant of the right eye. The pigmentation
is irregular.

OCT Scan Description (Fig.5.61¢)

Scan 1 The retinal surface is irregular because of
a full-thickness tear of the neurosensory retina.
There are intraretinal round hyporeflective cavities
at the tear margins. Elevated hyperreflective retinal
tissue is observed at the vitreous level over the tear,
and is adherent to the posterior hyaloid membrane
(cross-section image of the retinal flap).

Scan 2 The retinal surface is irregular because of
a flap tear. There is a shallow retinal detachment

and an intraretinal cystoid oedema at the tear mar-
gins. Large hyporeflective cavities are observed at
the level of the flap. Vitreoretinal adhesion and
traction at the tear margins are caused by the pos-
terior hyaloid membrane.

OCT Scan Details (Fig.5.61¢)

A Dense and elevated neurosensory retina
(cross-section image of the flap)

¥ Vitreoretinal adhesion at the edge of the flap

+ Intraretinal hyporeflective cavities in the
detached neurosensory retina at the tear
edges

C Full-thickness tear of the neurosensory retina

O Shallow neurosensory detachment around the
tear

A Thickened and dense pigment epithelium
around the shallow detachment
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scani

Fig.5.61 (a) Flap tear with demarcated shallow retinal detachment. (b) Lines indicate OCT-scanning direction. (c)
OCT-scanning results according to the /ines direction in (b)
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Peripheral Chorioretinal Atrophy
of the Retinal Pigment Epithelium

Peripheral chorioretinal atrophy (Table 6.1)
appears as either multiple lesions known as
paving-stone degeneration, or individual areas of
pigment epithelium atrophy (one or two lesions).
This degeneration is characterized by atrophic
changes in the outer retinal layers, pigment epi-
thelium, and choriocapillaris, with no changes in
the vitreous [1, 2]. Paving-stone degeneration is
usually found between equator and ora serrata. In
early stages, it appears as separated round or oval
rose-colored lesions of 0.5-1 PD. In advanced
stages, the lesions tend to coalesce and become
whitish with irregular hyperpigmentation [3, 4].
Paving-stone changes can be congenital and
are not considered degenerative by some experts

[5]. Paving-stone degeneration is present in 4.4—
28.4 % of general population [2, 4, 6].

Although this degeneration can resemble reti-
nal holes, this is an outer retina defect; the inner
neurosensory layers are intact, and retinal breaks
do not occur [5]. Majority of clinicians consider
this degeneration benign with low risk of retinal
detachment. Paving-stone degeneration has been
reported to have a protective effect against the
progression of rhegmatogenous retinal detach-
ment [1].

Many authors consider chorioretinal atrophy
of the pigment epithelium as bearing no risk of
retinal detachment and not indicated for prophy-
lactic laser treatment [5-7]. However, some
authors report 11.1 % frequency of retinal breaks
associated with marked stages of chorioretinal
degeneration [3].
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Table 6.1 Diagram of peripheral retinal degenerations
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Case 62. Paving-Stone
Degeneration

A 56-year-old female patient with mild myopia and
no symptomatic complains was referred for fundus
examination because of arterial hypertension.

Ophthalmoscopic Findings (Fig. 6.62a, b)
Multiple atrophic lesions in the pigment epithe-
lium of various forms and sizes are seen in the
far-periphery of the inferior quadrant of the right
eye. Some lesions merge, others are isolated.
Pigment clumps of various forms and intensity
are located within and between the chorioretinal
atrophy lesions. There is a clearly seen choroidal
pattern in the atrophic areas.

OCT Scan Description (Fig. 6.62¢, d)

The retinal surface is irregular and wavy. Multiple
areas of pigment epithelium destruction are
observed. The reflectivity in the neurosensory
retina layers is increased. Neurosensory retina is
thinned at the level of the pigment epithelium
destruction, and hyperreflective shadows are

observed at the choroidal level because of
increased retinal echogenicity and light permea-
bility. The ellipsoid zone is not seen. Choroid
hyperreflectivity correlates with the areas of pig-
ment epithelium destruction. Multiple hyperre-
flective deposits are present in the vitreous, there
is no evidence of vitreous traction.

OCT Scan Details (Fig. 6.62¢, d)

Pre-retinal consolidation of the vitreous
with multiple hyperreflective deposits

Areas of dense pigment epithelium

ﬂ Areas of pigment epithelium and photorecep-
tor layer destruction

Increased choroidal reflectivity at the level
of the areas of pigment epithelium
destruction

A Decreased choroidal reflectivity at the level
of the areas of dense pigment epithelium
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Fig. 6.62 (a) Paving-stone degeneration. (b) Line indicates OCT-scanning direction. (¢, d) OCT-scanning results
according to the line direction in (b)
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Case 63. Focal Pigment Epithelium
Atrophy

An asymptomatic 40-year-old female patient
with mild myopia came to have distance glasses
prescribed. Fundus examination revealed an
atrophic lesion with sharp borders in the infero-
temporal quadrant of her left eye. No signs of
traction were noted.

Ophthalmoscopic Findings (Fig. 6.63a, b)

A round-shaped area of atrophic pigment epi-
thelium with clearly outlined borders is seen at
the 7 o’clock position in the mid-periphery of
the inferonasal quadrant of the left eye. Pigment
clumps are observed around the borders.

OCT Scan Description (Fig. 6.63c, d)

The retinal profile is deformed, the structure of all
layers is altered. Neurosensory retina is thinned,
neuroepithelial surface is slopy on one side of the
lesion and excavated on the other side. The pig-
ment epithelium is hyporeflective and atrophic.
The ellipsoid zone is not distinguishable.
Choroidal reflectivity and light transmittance in
the atrophic area is considerably increased.

OCT Scan Details (Fig. 6.63c, d)
Neurosensory retina thinning

f Pigment epithelium and photoreceptor layer
destruction

‘ Increased choroidal reflectivity at the level of
the pigment epithelium destruction
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Fig. 6.63 (a) Focal pigment epithelium atrophy. (b) Line indicates OCT-scanning direction. (¢, d) OCT-scanning
results according to the line direction in (b)
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Congenital Hypertrophy
of the Retinal Pigment Epithelium

Congenital hypertrophy of the retinal pigment
epithelium (CHRPE) is a common benign retinal
condition [6]. According to some authors,
CHRPE is characterized by pigment deposits
found along the ora serrata, which may extend as
far as equator. In early stages pigment spots and
clumps reach 1/8 PD, and in advanced stages the
lesion occupies 1/4—1.0 PD [3]. Other authors
claim that CHRPE can be unifocal or multifocal
(Table 6.2). Unifocal CHRPE is a round or oval
flat lesion, 1-2 PD in size, with well-defined
borders, that can be deep gray or black. The
lesion can be surrounded by a hypopigmented
halo. Multifocal CHRPE appears as grouped

pigmented deep gray or black spots of various
sizes, that resemble animal tracks (“bear
tracks”) [5].

Histological studies have established CHRPE
to be a result of pigment redistribution [2, 3].
Patients with multifocal CHRPE (bear tracks)
should be evaluated for familial adenomatous
polyposis of colon and rectum, which may lead
to colorectal cancer after 50 years of age [5, 6].

As reported by many authors, CHRPE is not
usually associated with vitreous traction,
changes in the vitreoretinal interface, or risk of
retinal detachment. However, there have been
reports of retinal tears in 11.9 % of cases of
advanced CHRPE [3]. Nonetheless, prophylac-
tic laser treatment for this condition is not indi-
cated [5].
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Table 6.2 Diagram of peripheral retinal degenerations
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Case 64. Unifocal Congenital
Hypertrophy of the
Pigment Epithelium

An asymptomatic 29-year-old emmetropic female
patient was found to have a hyperpigmented lesion
in her left eye during a routine examination.

Ophthalmoscopic Findings (Fig. 6.64a, b)

A round area of hyperpigmented pigment epithe-
lium is seen in the mid-periphery of the superior
quadrant of the left eye. The lesion has distinct
borders. The adjacent retinal vessel is intact. No
vitreoretinal traction is observed.

OCT Scan Description (Fig. 6.64c, d)

The retinal surface is smooth. The neuroepithe-
lial thickness is normal. An area of pigment epi-
thelium hyperplasia shadows the underlying
tissues because the light transmittance decreases.
The choroid thickness is unaltered. No vitreo-
retinal adhesions or tractions are observed.

OCT Scan Details (Fig. 6.64c, d)
ﬂ Area of the dense pigment epithelium

A Decreased choroidal reflectivity at the hyper-
reflective pigment epithelium level
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Fig.6.64 (a) Unifocal congenital hypertrophy of the pigment epithelium. (b) Line indicates OCT-scanning direction.
(¢, d) OCT-scanning results according to the line direction in (b)
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Case 65. Multifocal Hypertrophy
of the Pigment Epithelium
(Bear Tracks)

An asymptomatic 23-year-old female patient
with mild myopia was found to have retinal
degeneration during routine examination.

Ophthalmoscopic Findings (Fig. 6.65a, b)
Multiple hyperpigmented areas of irregular
forms and various sizes are observed from the
equatorial up to the far-peripheral retina in the
inferotemporal quadrant of the left eye.
Lesions are seen along the vessel arcades, and
their contours resemble bear tracks. The vitre-
ous is unchanged, with no vitreoretinal trac-
tion identified.

OCT Scan Description (Fig. 6.65¢, d)

The retinal surface is smooth. Neuroepithelial
structure in the area of degeneration is unchanged,
and its thickness is retained. The ellipsoid zone
integrity is reduced within the lesion, and the
dense area of pigment epithelium casts a hypore-
flective shadow over the choroid. The vitreoreti-
nal interface is unchanged.

OCT Scan Details (Fig. 6.65c¢, d)
Photoreceptor layer destruction
ﬂ Dense pigment epithelium

Decreased choroidal reflectivity at the level
of dense pigment epithelium
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Fig. 6.65 (a) Multifocal congenital hypertrophy of the pigment epithelium (bear tracks). (b) Line indicates OCT-
scanning direction. (¢, d) OCT-scanning results according to the line direction in (b)
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Honeycomb Degeneration

Honeycomb (reticular) degeneration is an
age-related retinal degeneration characterized by
hyperpigmented net, that can extend up to equa-
tor [6]. The etiology and pathogenesis of honey-
comb degeneration remain unclear. Its clinical
manifestations include hyperpigmented honey-
comb (lace) pattern; the lesion is found in indi-
viduals of 46-90 years of age (mean age,
69.2 + 8.54 years). Less than 10 % of patients are
less than 55 years of age. Both sexes are almost
equally affected [8].

According to some experts, honeycomb degen-
eration is usually bilateral and most commonly
located at the equator. It is characterized by hyper-
pigmentation of pigment epithelium and linear
hyperpigmented hexagons [9]. The loss of pigment
is attributed to the degenerative process in pigment
epithelium cells, and its geometrical, reticular
appearance — to thinning, shrinking, and reactive
hyperplasia of the pigment epithelium cells.

Honeycomb degeneration (Table 6.3) is
reported to be most frequently found in advanced
age and considered a benign condition, that does
not cause retinal detachment; thus, prophylactic
laser treatment is not indicated [5].
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Table 6.3 Diagram of peripheral retinal degenerations

Honeycomb degeneration in sector 21 is highlighted in yellow
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Case 66. Honeycomb Degeneration

A 76-year-old female patient with moderate
hyperopia and early stage cortical cataract pre-
sented with complaints of decreased vision.

Ophthalmoscopic Findings (Fig. 6.66a, b)
Multiple pigment clumps of various forms and
sizes, with a honeycomb appearance are observed
in the mid-periphery of the temporal quadrant of
the left eye.

OCT Scan Description (Fig. 6.66¢, d)
The retinal surface is smooth with no vitreoreti-
nal adhesion or traction. The retina contains

hyperreflective deposits causing a shadow effect
(decreased reflectivity) in the underlying tis-
sues. Areas of dense pigment epithelium are
seen.

OCT Scan Details (Fig. 6.66¢, d)
Intraretinal hyperreflective deposits

ﬂ Areas of dense pigment epithelium
Decreased reflectivity of the pigment epithe-

lium and the choroid at the level of intrareti-
nal deposits
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Fig. 6.66 (a) Honeycomb degeneration. (b) Line indicates OCT-scanning direction. (¢, d) OCT-scanning results
according to the line direction in (b)
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Case 67. Honeycomb Degeneration
with an Atrophic Lesion of
the Pigment Epithelium

A 76-year-old male patient with mild hyperopia
and early stage cataract presented with com-
plaints of decreased vision. Examination revealed
honeycomb degeneration with an atrophic lesion
of the pigment epithelium.

Ophthalmoscopic Findings (Fig. 6.67a, b)
Multiple pigment clumps of various forms and
sizes, with a honeycomb appearance are observed
in the mid- and far periphery of the inferior
quadrant of the left eye. An atrophic lesion of the
pigment epithelium with sharp borders is seen at
7 o’clock position. A choroidal pattern is notice-
able in the center of atrophic area.

OCT Scan Description (Fig. 6.67¢, d)
The retinal surface is irregular because of local
thinning, neuroepithelium atrophy and pigment

epithelium destruction with a hyperreflective
shadow in the choroid (comet tail). There are
multiple areas of pigment epithelium elevation
and hypertrophy at the lesion margins. Choroid is
hyporeflective because the light transmittance
decreases.

OCT Scan Details (Fig. 6.67¢, d)

Area of retinal thinning at the level of the
atrophic lesion

’ Area of pigment epithelium destruction
ﬂ Dense pigment epithelium

‘ Increased choroidal reflectivity at the level of
the pigment epithelium destruction

A Decreased reflectivity of the choroid at the
level of the dense pigment epithelium
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Fig. 6.67 (a) Honeycomb degeneration with an atrophic lesion of the pigment epithelium. (b) Line indicates OCT-
scanning direction. (¢, d) OCT-scanning results according to the line direction in (b)
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Peripheral Retinal Drusen

Peripheral retinal drusen are extracellular depos-
its of proteins and fatty unstructured material
between the basement membrane of the pigment
epithelium and the inner collagenous layer of
Bruch’s membrane [10]. Retinal drusen appear as
glistening crystals, and the term itself refers to a
German word meaning “stone nodule or geode”
[12]. Drusen are reported to result from the
degeneration of pigment epithelial cells, which
accumulate metabolic waste products and exude
them in the inner layers of Bruch’s membrane in
the form of small dome-shaped lesions [11, 12].

The universal classification of drusen has not
yet been established. Drusen have been described
as hard, soft, mixed, complex, and diffuse (lami-
nar or cuticular) [12, 13].

“Hard” drusen are usually found in the
peripheral retina. They consist of solid, hyaloid,
homogenous material and are usually small
(mean diameter, 47.3 nm) [12]. Retinal drusen
have different forms and sizes but are most com-
monly small, round- or dome-shaped, and clearly
outlined in front of the healthy retina. This
degeneration is commonly age related and bilat-

eral and reported to be found in individuals
>40years of age. During fluorescein angiography,
“hard” drusen demonstrate hyperfluorescent
spots during choroidal flush (window effect)
with subsequent gradual hypofluoresence [10,
13]. There has been a report of spontaneous res-
olution of drusen [14]. Different patterns of
pigment epithelium hyperplasia result in pig-
ment-ringed drusen [11] or small multifocal
hyperpigmented lesions [14].

In addition to retinal drusen, reticular pseudo-
drusen, also known as subretinal drusenoid
deposits, are described. Reticular pseudo-drusen
form yellow deposits arranged in a network,
which are located between the pigment epithe-
lium and photoreceptor layer in the superior
quadrant of the retina [15]. Pseudo-drusen are
best visualized during ophthalmoscopy or fundus
photography in blue light but are not seen during
fluorescein angiography [14].

Peripheral retinal drusen (Table 6.4) are con-
sidered to be a benign degeneration, which most
commonly occurs with increasing age and is
rarely associated with clinically significant con-
sequences. Prophylactic laser treatment is not
indicated [5, 11].
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Table 6.4 Diagram of peripheral retinal degenerations

Retinal drusen in sector 4 are highlighted in yellow
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Case 68. Peripheral Retinal Drusen

A 48-year-old female patient presented with
complaints of reduced vision in her right eye.
Examination revealed low hyperopia, early stage
cataract and multiple drusen in the equatorial
zone and in the retinal periphery of her right eye.

Ophthalmoscopic Findings (Fig. 6.68a)
Multiple circular, spot-like whitish lesions are
seen in the equatorial and peripheral retina of the
right eye. The retina around the lesions is
unaltered.

OCT Scan Description (Fig. 6.68c, d)
The retinal surface is smooth. Multiple regions of
pigment epithelium elevation and areas of

increased density are observed. Signs of ellipsoid
zone destruction are evident. Hyperreflective
inclusions are seen in the vitreous. No vitreous
traction is present.

OCT Scan Details (Fig. 6.68c, d)

ﬂ Multiple pigment epithelium elevations and
dense areas with moderately reflective content

Areas of ellipsoid layer destruction

ADecreased choroidal reflectivity at the level
of the dense areas of pigment epithelium

ﬂ Multiple hyperreflective the

vitreous

deposits in
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Fig.6.68 (a) Peripheral retinal drusen. (b) Line indicates OCT-scanning direction. (¢, d) OCT-scanning results accord-
ing to the line direction in (b)
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Retinal Laser Photocoagulation
in Peripheral Retinal
Degenerations

Venera A. Shaimova, Ernest V. Boyko,
and Olga G. Pozdeeva

Indications for Retinal Laser
Photocoagulation in Peripheral
Retinal Degenerations

Peripheral vitreochorioretinal degenerations rep-
resent a risk factor for rhegmatogenous retinal
detachment (RRD) [1-4]. RRD prevalence is 1
case per 10,000 of population, and it is bilateral
in 1.18-10 % of patients according to different
authors [5-8].

While retinal tears that originate from vitreo-
retinal degenerations during posterior vitreous
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detachment are the main cause of RRD, many
authors consider it necessary to prevent retinal
detachment creating chorioretinal adhesions
around the retinal tears and/or its precursors by
means of laser photocoagulation or cryotherapy
[8-11].

Degenerative changes of the peripheral retina
may be divided into two categories: predisposing
or not predisposing to the RRD. Preventive reti-
nopexy may be indicated in cases of retinal
degenerations of the first category among men-
tioned above [1]. However, there is no consensus
at present time, which peripheral degenerations
are really predisposing (rhegmatogenous).
Therefore, prophylactic treatment of retinal
detachment is still debated, because it is not clear
which type of the lesion should be treated and
which therapeutic method should be used [12].

According to some authors [13], prophylactic
treatment of peripheral retinal degenerations
remains clinical and economic problem in which
more profound evidence is needed. According to
other authors’ data [9], preventive laser treatment
or cryopexy is an effective method to prevent
retinal detachment.

Retinal laser photocoagulation (LPC) is con-
sidered more preferable, while cryopexy should
be used in cases when media opacities prevent
laser treatment [2]. Laser retinopexy is based on
obtaining the effect of tissue coagulation fol-
lowed with scar adhesions formation between the
choroid and the retina, which prevents neurosen-
sory retinal detachment from the pigment epithe-
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lium and blocks the flow of the liquefied vitreous
into the subretinal space [11, 14, 15].

After photocoagulators had become widely
available, retinopexy has been performed in
almost all clinical forms of peripheral retinal
degenerations [11]. However, in the 1960s there
already had been studies showing that retinal
tears following degenerative changes of the
peripheral retina occur in 13.7 % of the popula-
tion, but not all of them lead to RRD; therefore,
it was recommended to perform preventive laser
treatment only when indicated [11, 16-18]. To
determine the indications, RRD risk factors
were identified: flap tears, PVD (partial), RRD
on the fellow eye, aphakia, pseudophakia;
symptomatic manifestation as photopsias, float-
ers and blurred vision; subclinical retinal
detachment around the tear, family history
(RRD in relatives), and systemic diseases:
Marfan syndrome, Stickler syndrome, and
Ehler-Danlos syndrome [8, 19].

There are a lot of controversial and some-
times conflicting publications on indications for
prophylactic LPC in peripheral retinal degenera-
tions [7, 20-24]. Despite the large number of
publications, there had been no randomized tri-
als of the preventive treatment effectiveness in
different clinical types of peripheral retinal
degenerations, and therefore, there is still no
clear consensus on the indications for laser inter-
vention [23, 25, 26]. This makes laser surgeons
“solve the problem relying mainly on their own
experience” [11].

According to some authors, preventive retinal
LPC in peripheral vitreoretinal degenerations
should be performed preferably in the presence
of symptomatic PVD [7, 20, 21, 27], symptom-
atic flap tear [22]; or all types of symptomatic
tears [24, 28]. However, there is an alternative
view, and according to other authors, laser retino-
pexy is indicated “in all cases of vitreoretinal
degeneration” [10], or “at the slightest sign of
vitreoretinal traction” in peripheral retinal degen-
eration [23].

Of interest is the monograph by Bolshunov
AV (2013) where he presented indications for

preventive retinal LPC in the following types of
peripheral degenerations:

1. All symptomatic retinal tears
2. Asymptomatic retinal tears occurring in:
(a) Myopia
(b) Aphakia
(c) Before cataract surgery
(d) Fellow eye in unilateral
detachment
(e) Hereditary predisposition
3. Chorioretinal degenerations with “malignant”
course:
(a) “lattice”
(b) “snail track”
(c) “snowflake”
(d) Other degeneration types with vitreoreti-
nal tractions
4. All kinds of chorioretinal degenerations with
“malignant” course and retinal tears in the fel-
low eye before refractive surgery
5. Progressive retinoschisis

retinal

Lacking consensus on the indications for pro-
phylactic retinal LPC in patients with peripheral
retinal degenerations it is advisable to take into
account the Preferred Practice Patterns for treat-
ment (Table 7.1) and follow-up (Table 7.2) rec-
ommended by the American Academy of
Ophthalmology in 2014 [29].

Therapeutic efficacy of LPC as a preventive
method in different types of peripheral vitreocho-
rioretinal degenerations is 75—100 % according to
literature data [30, 31]. The need for retinal LPC
in peripheral vitreoretinal degenerations is sup-
ported by many publications: the risk of retinal
detachment with deferred symptomatic tears’
treatment may reach 30-50 % [32]. The risk of
retinal tear and retinal detachment in patients with
lattice degeneration and retinal detachment in the
fellow eye without preventive laser treatment was
2.5 times higher than in same patients after retino-
pexy (5.1 % vs 1.8 %, p=0.0125) [33]. Preventive
retinal LPC in aphakic patients with vitreoretinal
degeneration reduced the incidence of retinal
detachment to 0.33 % of the cases compared to
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Table 7.1 Management options in peripheral retinal
degenerations

Type of lesion Treatment®

Acute symptomatic horseshoe Treat promptly
tears

Acute symptomatic
operculated holes

Treatment may not be
necessary

Acute symptomatic dialyses ~ Treat promptly
Traumatic retinal breaks Usually treated

Often can be followed

without treatment

Asymptomatic horseshoe
tears (without subclinical
retinal detachment)
Asymptomatic operculated
tears

Treatment is rarely
recommended
Asymptomatic atrophic round
holes

Treatment is rarely
recommended

Not treated unless PVD
causes a horseshoe tear

Asymptomatic lattice
degeneration without holes
Asymptomatic lattice
degeneration with holes

Usually does not
require treatment

No consensus on
treatment and
insufficient evidence to
guide management

Asymptomatic dialyses

Eyes with atrophic holes, No consensus on
lattice degeneration, or treatment and
asymptomatic horseshoe tears insufficient evidence to
where the fellow eye has had  guide management

a retinal detachment

Reprinted with permission of American Academy of
Ophthalmology Retina/Vitreous Panel. Preferred Practice
Pattern®Guidelines. Posterior Vitreous Detachment,
Retinal Breaks, and Lattice Degeneration. San Francisco,
CA: American Academy of Ophthalmology; 2014.
Auvailable at: www.aao.org/ppp

“There is insufficient evidence to recommend prophylaxis
of asymptomatic retinal breaks for patients undergoing
cataract surgery

Table 7.2 Follow-up guidelines in peripheral retinal

degenerations

Type of lesion
Symptomatic
PVD with no
retinal break

Acute symptomatic
horseshoe tears

Acute symptomatic
operculated holes

Acute symptomatic
dialyses

Traumatic retinal
breaks

Asymptomatic
horseshoe tears
(without subclinical
retinal detachment)
Asymptomatic
operculated tears
Asymptomatic
atrophic round holes
Asymptomatic lattice
degeneration

without holes
Asymptomatic lattice
degeneration

with holes
Asymptomatic
dialyses

Eyes with atrophic
holes, lattice
degeneration, or
asymptomatic

Follow-up interval
Depending on symptoms, risk
factors, and clinical findings,
patients may be followed in
1-8 weeks, then 6-12 months
1-2 weeks after treatment,
then 4-6 weeks, then

3-6 months, then annually
2-4 weeks, then 1-3 months,
then 6-12 months, then
annually

1-2 weeks after treatment,
then 4-6 weeks, then

3—6 months, then annually
1-2 weeks after treatment,
then 4—6 weeks, then

3—6 months, then annually
1-4 weeks, then 2—4 months,
then 6-12 months, then
annually

1-4 months, then
6—12 months, then annually

1-2 years

Annually

Annually

If untreated, 1 month, then
3 months, then 6 months,
then every 6 months

If treated, 1-2 weeks after
treatment, then 4—6 weeks,
then 3—6 months, then
annually

Every 6-12 months

horseshoe tears where
the fellow eye has had a
retinal detachment

Reprinted with permission of American Academy of
Ophthalmology Retina/Vitreous Panel. Preferred Practice
Pattern® Guidelines. Posterior Vitreous Detachment,
Retinal Breaks, and Lattice Degeneration. San Francisco,
CA: American Academy of Ophthalmology; 2014.
Available at: www.aao.org/ppp
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2 % in the control group [34]. Ora secunda cer-
clage effectively protects against RRD [26]. LPC
and cryotherapy are considered effective methods
to prevent retinal detachment [9]. Prophylactic
LPC significantly reduces the risk of retinal
detachment [10], and many authors consider laser
treatment an easy-to-use and convenient treat-
ment method [35].

However, there is an alternative viewpoint,
that laser treatment performed in the visible areas
of degeneration may increase the invisible vitreo-
retinal traction and cause new tears and retinal
detachment in unsuspected areas, and sometimes
the treatment itself should be recognized as a risk
factor for RRD [18, 36].

According to most of the foreign and national
authors, one should carefully examine each
patient and take into account all risk factors
before performing a prophylactic treatment in
peripheral degenerations. These risk factors
include: the presence of symptoms, vitreoretinal
traction, tear, and subretinal fluid around the
break; localization of lesions, family history of
retinal detachment, the state of the fellow eye,

Fig. 7.1 Spectral Domain OCT scan (6 mm) in the area
of the retinal tear with neurosensory retinal detachment.
(a) Color image, (b) Black and white image. Full-
thickness retinal tear (crescent) with neurosensory retinal

refraction, age, gender, patient’s profession; spe-
cial circumstances, such as aphakia or pseudo-
phakia, posterior capsulotomy due to the
secondary cataract, planned refractive surgery.
Laser is a useful treatment tool, and it must be
used wisely [11, 14].

Performing optical coherence tomography of the
retinal periphery may be of great help in determin-
ing the risk of RRD, necessity and timing (prompt-
ness) of preventive LPC (see Figs. 7.1,7.2, and 7.3),
and in assessing the state of the retina and laser
burns in the postoperative period (see Figs. 7.4 and
7.5). OCT in the retinal periphery makes it possible
to determine the morphometric parameters (length
and height) of the vitreoretinal traction and its
changes over time, that allows to refine the indica-
tions for retinal LPC. Analysis of OCT data in dif-
ferent clinical types of retinal tears allowed to
identify three risk levels according to the probability
of RRD development: retinal tears with high risk of
RRD, retinal tears with moderate risk of RRD, and
retinal tears with low risk of RRD. Below we pres-
ent examples of three clinical cases, corresponding
to different levels of RRD risk.

detachment (circle) is seen with its edges thickened (yel-
low arrow) and containing hyporeflective cavities (criss-
cross), and vitreoretinal traction (asterisk) at the edges of
the tear

Fig.7.2 Spectral Domain OCT scan (6 mm) in the area
of the retinal tear with operculum and shallow retinal
detachment. (a) Color image, (b) Black and white image.
Full-thickness retinal tear (crescent) with flat (slit-like)

neurosensory retinal detachment (circle) is seen with
hyperreflective operculum (arrow) on the outer surface of
the detached vitreous (asterisk); no vitreoretinal traction
is seen in the tear area
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First case A 29-year-old male patient com-
plained of intermittent lightnings and floaters
affecting hisrighteye for 1 week. Ophthalmoscopic
exam revealed a tractional tear in the upper-tem-
poral segment of the peripheral retina. OCT scan
showed a full-thickness retinal tear with a shallow
neurosensory retina detachment and severe vit-
reoretinal traction (Fig. 7.1a, b). This case repre-
sents a high level of RRD risk and is an absolute
indication for urgent delimiting retinal LPC on
the right eye.

Fig. 7.3 Spectral Domain OCT scan (6 mm) in the area
of the full-thickness retinal tear. (a) Color image, (b)
Black and white image. Full-thickness retinal tear (cres-

Second case A 45-year-old male patient came to
the ophthalmologist to have glasses prescribed,
as he complained of blurred vision while reading.
Ophthalmoscopic exam revealed an isolated tear
with an operculum floating in the vitreous over
the tear in the peripheral retina lower segment of
the left eye. OCT scanning showed the full-
thickness retinal tear with shallow neurosensory
retinal detachment and hyperreflective opercu-
lum on the outer surface of the detached vitreous.
Vitreoretinal traction is absent (see Fig. 7.2a, b).

cent) is seen with surrounding neurosensory retina (criss-
cross) attached to the retinal pigment epithelium; no
vitreoretinal traction is seen

Fig. 7.4 Retinal OCT scan 2 weeks after retinal laser
photocoagulation. Localized hyperreflective areas at the
level of the pigment epithelium and outer nuclear layer of
the neurosensory retina (red arrow pointing at RPE thick-
ening) are seen at laser burns, with photoreceptors and

RPE destruction at the edges of these lesions (yellow
arrow). The outer plexiform and inner nuclear layers
became funnel-shaped (green arrow) in the direction of
the retinal pigment epithelium
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Fig. 7.5 OCT image of retinal detachment occurring after the delimiting LPC. Neurosensory retinal detachment
reaches laser burns (RPE thickening, red arrow), and its outer layers’ arcuate deformation (green arrow) is formed

Taking into account both clinical data (absence of
symptomatic complaints) and OCT results, this
case illustrates a moderate RRD risk and is a rela-
tive indication for retinal LPC. It is recommended
to follow changes over time.

Third case A 59-year-old female patient com-
plained of blurred vision in her right eye for six
months. Ophthalmoscopic exam revealed mild
cortical cataract and isolated tear in the lower-
temporal segment of the retinal periphery. OCT
(see Fig. 7.3a, b) revealed the full-thickness neu-
rosensory retinal tear with its edges completely
attached to RPE, no subretinal fluid and vitreo-
retinal traction. This case can be attributed to the
third group with a low level RRD risk. There are
no indications for urgent preventive LPC, but the
patient should be instructed to visit an
ophthalmologist in case of any visual symptom.
It is recommended to follow changes over time.

Methods of Retinal Laser
Photocoagulation

Characteristics of laser radiation are unique: it is
highly coherent in time (monochromaticity) and
in space (small beam divergence), which allows
to focus the light energy on the small diameter

spot. Simply said, the mechanism of laser action
in the fundus tissues is to convert light energy
into heat, and to perform the primary coagulative
damage of the pigment epithelium, choriocapil-
laris and photoreceptors’ outer layers. In long-
term prospective, these necrotic masses are
replaced by the reparative tissue rich in pigment
cells, and the chorioretinal scar is formed [37].
Furthermore, retina should be fully attached in
the LPC area, which is an obligatory condition
for a strong chorioretinal adhesion. The direct
clinical effect is produced if the desired intensity
of the retinal burns is achieved [38].

Optical coherence tomography in vivo reveals
the destructive changes in the pigment epithelium
during preventive retinopexy and the redistribu-
tion of pigment epithelium at the burn’s borders.
Cells are destructed and deformed during LPC, as
a result, pigment epithelium is proliferated and
chorioretinal adhesions are formed in 1 or 2 weeks
after the operation (see Figs. 7.4 and 7.5).

Lasers with the wavelength of visible (yellow,
green, red, etc.) or near-infrared range (approxi-
mately to 1 pm) may be used for retinopexy.
Exposure varies from tenths of seconds to seconds.
Selection of power begins with the minimum value
[11, 15, 39] which then is gradually increased until
the 1 degree burn is achieved. For more severe
burns one should continue to increase the output
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power to meet the coagulation step. Burns of
greater intensity may also be obtained by increas-
ing the exposure without increasing the power.

When performing retinal LPC with the argon
laser (blue-green part of the spectrum: 488—
514 nm) or the solid-state YAG laser with dou-
bled frequency (wavelength of the green part of
the spectrum: 532 nm), it is necessary to achieve
2-3 degree burns, and 1-2 degree burns when
using the diode (infrared: 810 nm) laser.

Burn degree is more homogeneous when
using lasers with a wavelength of the visible
spectrum, and may differ slightly between burns
when using infrared lasers, which is determined,
as arule, by the inhomogeneity of the fundus pig-
mentation. Burn’s degree and size are influenced
by optical media opacities, and the denser is opti-
cal haze, the larger may be the laser spot diameter
on the fundus and the lower burn’s degree. In the
presence of optical media opacities, infrared
lasers provide obvious advantage for fundus
coagulation, but infrared laser retinopexy weak-
nesses include the lack of visual control of the
tissue response to laser irradiation.

Depending on the extent of degenerative pro-
cess, its localization and the “malignancy” of its
course, that may lead to retinal tear and detach-
ment, there are different methods of LPC: barrier,
delimiting, and circular. Several different types
of the preventive laser retinopexy have been pro-
posed in the literature: two rows of confluent
laser burns [8]; two to three rows of staggered
burns with the distance of <1 burn diameter
between them [11, 39]; three to four rows of
adjoined burns along the lesion edge [14].

The most possible attenuated coagulation
modes should be used for preventive LPC of
peripheral tears and rhegmatogenous retinal degen-
erations. When performing retinal LPC with an
argon laser or a solid-state YAG laser with doubled
frequency the continuous mode is used with spot
diameter of 300-500 pm and exposure of 0.2 s, the
power is adjusted individually depending on the
fundus pigmentation and optical media transpar-
ency (2-3 degree burn is considered the best). In
cases when a diode laser (infrared: 810 nm) is used,
burn diameter is 200-300 pm, exposure is 0.1—
0.2 s, and the power that is required to achieve 1-2
degree laser burns. The results of treatment are
evaluated after 2 weeks after retinal LPC.

A constant follow-up is recommended after
retinal LPC: first in 1-2 weeks, then after
3—6 months, and then annually [22]. Additional
retinal LPC should be performed in cases of new
degenerative foci or progressive and complicated
course of retinal lesion [11].

Many authors have warned about the possible
complications after retinal LPC, including macu-
lopathy, macular epiretinal membranes, new tears,
RRD, exudative retinal detachment, and intraretinal
and preretinal haemorrhages [8, 22, 23, 40].
According to several authors, some changes in mac-
ular area were observed in 1.7 % of cases after pro-
phylactic laser treatment, vitreous haemorrhage —in
3.7 % of cases, new retinal tears in the early postop-
erative period — in 5.5 % of cases, and in the late
postoperative period — in 8.3 % of cases [41].
Generally, serious adverse events after peripheral
LPC are uncommon and usually are associated with
different violations of the LPC basic principles:
excess of radiation power [40, 42], inadequate or
incomplete treatment due to lack of retinopexy
along the tear’s anterior margin [41] or obviously
excessive overtreatment of large retinal areas [8].

We carried out the follow-up monitoring of the
laser burns state using OCT scan in the following
periods: the day of the retinal LPC (after 1 h),
2 weeks and 4 weeks after LPC (Case 69, Fig. 7.69);
before treatment and 2 weeks after retinal LPC in
case of the operculated tear with subclinical flat reti-
nal detachment (Case 70, Fig. 7.70). Parameters
used: solid-state YAG laser with doubled frequency,
continuous mode, spot diameter of 200 pm, expo-
sure of 0.1 sec, power of 80—100 mW depending on
the fundus pigmentation until the 2-3 degree burn
according to L’Esperance classification.

Here we present photographically and OCT-
documented cases of complications after prophy-
lactic laser treatment: post-LPC atrophy of the
pigment epithelium (Case 71, Fig. 7.71), and
post-LPC flap retinal tear (Case 72, Fig. 7.72).

Thus, layer-by-layer OCT scanning of periph-
eral degenerative lesions provides a better
identification of vitreochorioretinal structures’
pathological relationships compared to other
diagnostic techniques and comes to the fore in the
diagnosis and clarifying the nature of vitreoretinal
tractions, adhesions, and retinal tears, allowing to
determine the indications for prophylactic retinal
LPC and to evaluate the treatment effectiveness.
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Case 69. OCT Monitoring of
Prophylactic Laser
Photocoagulation for
Lattice Degeneration

A 35-year-old male patient with severe myopia
and partial posterior vitreous detachment pre-
sented with a 7-day history of floaters and flashes
of light affecting his right eye.

Ophthalmoscopic Findings

Lattice degeneration with both full-thickness and
atrophic tears, and considerable vitreous traction
at the margins of the lesion is visible in the supe-
rotemporal quadrant of the right eye. Prophylactic
laser photocoagulation was performed. The sur-
gery was performed using a diode-pumped
Oculight GL/GLx laser (532 nm) (IRIDEX,
USA). The following parameters were used: laser
spot diameter, 200 pm; pulse duration, 0.1 s; and
pulse power, 80-90 mW. OCT monitoring was
performed 1 h after surgery and during postop-
erative weeks 2 and 4.

Fundus Photographs and OCT Scans
(Fig. 7.69a-¢)

1. At 1 h postoperatively (Fig. 7.69a)
Fundus photo of lattice degeneration with
laser burns at 1 h postoperatively is shown in

Fig. 7.69a. The laser spots are light gray and
clearly outlined. OCT scan shows areas of
increased reflectivity in the neuroepithelium
and dense areas of the pigment epithelium
corresponding to the photocoagulation
spots.

2. At 2 and 4 weeks postoperatively
(Fig. 7.69b, ¢)
Fundus photo of lattice degeneration with
laser spots at 2 weeks (Fig. 7.69b) and 4 weeks
(Fig. 7.69¢) postoperatively. The laser spots
are dark, their margins — distinct. OCT scans
show areas of dense neuroepithelium with
chorioretinal adhesions corresponding to the
laser spots.

OCT Scans Details (Fig. 7.69a—c)

Dense areas of pigment epithelium

+ Increased reflectivity of all retinal layers
(laser burn spots)

‘ Increased reflectivity of the choroid at the
level of the pigment epithelium destruction

ﬂ Areas of dense pigment epithelium with cho-
rioretinal adhesions (laser burn spots)

A Decreased reflectivity of the choroid at the
level of the dense pigment epithelium
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Fig. 7.69 (a) Fundus photographs and OCT scans of tion with laser spots at 2 weeks postoperatively. (¢) Fundus
lattice degeneration with laser spots at 1 h postoperatively.  photographs and OCT scans of lattice degeneration with
(b) Fundus photographs and OCT scans of lattice degenera-  laser spots at 4 weeks postoperatively
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Case 70. OCT Monitoring of Laser
Photocoagulation of a
Forming Retinal Tear

A 20-year-old male patient presented with 7-day
history of photopsias in his right eye.

Ophthalmoscopic Findings

A small round area of hyperpigmentation with
blurred borders and vitreoretinal traction is seen
in the mid-peripheral retina of the inferior quad-
rant of the right eye. The retinal vessels are intact.
The OCT-scanning revealed a forming flap tear.
Prophylactic laser photocoagulation was per-
formed with OCT-monitoring at 1 h and 2 weeks
postoperatively.

Fundus Photographs and OCT Scans
(Fig. 7.70a-c)

1. Prior to the laser surgery (Fig. 7.70a)
Fundus photo of the forming tear before the
surgery shows a small round area of hyperpig-
mentation with blurred borders. The OCT scan
shows irregular retinal surface with multiple
epiretinal folds. A large intraretinal cavity with
hyporeflective content and clear borders is evi-
dent within the neuroepithelium.

2. At 1 h postoperatively (Fig. 7.70b)

Fundus photo shows well-defined white laser
spots placed in two to three rows around and in
the center of the tear. The OCT-scan shows that
the size of the hyporeflective cavity has signifi-
cantly decreased. Pigment epithelium in the
center and at the margins of the tear is thick-
ened, which corresponds to the laser burns.

3. At 2 weeks postoperatively (Fig. 7.70c)
Fundus photo shows laser burns in two to
three rows around and in the center of the tear,
they are pigmented and have distinct irregular
margins. The OCT scan shows that the retinal
surface is smooth, with areas of thickened pig-
ment epithelium (laser burns). The hypore-
flective intraretinal cavity is no longer seen.

OCT Scans Details (Fig. 7.70a—c)

I Isolated irregular intraretinal cavity

Increased reflectivity of all neurosensory ret-
ina layers (laser spots)

ﬂAreas of dense pigment epithelium (laser spots)

’ Destructive changes around the dense areas of
pigment epithelium

‘ Increased reflectivity of the choroid at the
level of the pigment epithelium destruction
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Fig.7.70 (a) Fundus photograph and OCT scan of 1 h postoperatively. (¢) Fundus photograph and
the forming flap tear prior to the surgery. (b) Fundus  OCT scan of the forming flap tear at 2 weeks
photograph and OCT scan of the forming flap tear at  postoperatively
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Case 71.OCT Monitoring of Laser
Photocoagulation of a
Full-Thickness Operculated
Tear with Shallow Retinal
Detachment and
Associated Honeycomb
Degeneration

A 25-year-old female patient presented with
flashes of light and floaters affecting her right
eye.

Ophthalmoscopic Findings

A full-thickness operculated neurosensory tear is
seen in the mid-peripheral retina of the infero-
temporal quadrant of the right eye. The tear is
bright red and irregular. There is a small
haemorrhage on the retina surface next to the
tear. There is a shallow (subclinical) retinal
detachment around the tear margins.

The prophylactic laser photocoagulation was
performed using a solid-state YAG laser with
doubled frequency (532 nm green). The follow-
ing parameters were used: laser spot diameter,
200 pm; pulse duration, 0.2 s; and pulse power,
80-90 mW.

Fundus Photographs and OCT Scans
(Fig.7.71a-¢)

1. Prior to the laser surgery (Fig. 7.71a)

The fundus photo shows the full-thickness
operculated tear of the neurosensory retina
associated with honeycomb degeneration. The
tear is bright red and irregular.

2. Prior to the laser surgery (Fig. 7.71b)
Fundus photo of the full-thickness opercu-
lated tear before the surgery. OCT scan shows
the full-thickness tear (inner diameter,
367 pm; outer diameter, 513 pm) with shallow
neurosensory detachment around the edges
(Iength, 1.48 mm). There is an operculum in

the vitreous over the tear, shadowing the cho-
roid, and areas of dense and elevated pigment
epithelium.

3. At 2 weeks postoperatively (Fig. 7.71c)
Fundus photo of the full-thickness opercu-
lated tear 2 weeks after the surgery. The
laser spots are clearly seen, pigmented and
have distinct irregular margins. The detached
retina has re-attached. The haemorrhage has
resolved. OCT scan shows the full-thickness
retinal tear (inner diameter, 361 pm; outer
diameter, 336 pm). Shallow retinal detach-
ment is adherent. The retinal margins are
thickened with chorioretinal adhesions sec-
ondary to laser photocoagulation.

OCT Scan Details (Fig. 7.71a—c)

’ Hyperreflective operculum in the vitreous at
the level of the full-thickness neurosensory
tear

( Full-thickness tear of the neurosensory
retina

I Detached neurosensory retina around the
tear

O Cavity formed by the shallow detachment

A Hyporeflectivity at the level of the pigment
epithelium and the choroid at the level of the
hyperreflective operculum

ﬂ Areas of dense pigment epithelium (honey-
comb degeneration)

ﬂ Adherent neurosensory retina around the full-
thickness tear

Areas of dense pigment epithelium with cho-
rioretinal adhesions at the level of the laser
burns
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Fig. 7.71 (a) Operculated tear with shallow retinal surgery. (¢) Fundus photograph and OCT scan at 2 weeks
detachment and honeycomb degeneration prior to the sur-  postoperatively
gery. (b) Fundus photograph and OCT scan prior to the
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Case 72.Pigment Epithelium
Atrophy Secondary to
Laser Photocoagulation

An asymptomatic 48-year-old female patient
came for a routine fundus examination. According
to the patient, she had a laser photocoagulation
5 years before.

Ophthalmoscopic Findings
(Fig.7.72a, b)

Laser spots are seen in the inferior quadrant with
atrophic changes of the pigment epithelium
around some of them.

OCT Scan Description (Fig. 7.72c¢, d)

The retinal surface is irregular with areas of thin-
ning at the level of the atrophic changes. Some
areas of pigment epithelium are totally destructed
and some are dense.

OCT Scan Details

Areas of pigment epithelium destruction
(laser spots)

‘ Increased reflectivity of the choroid at the
level of the pigment epithelium destruction.

ﬂ Areas of dense pigment epithelium

A Decreased reflectivity of the choroid at the
level of the dense pigment epithelium
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Fig.7.72 (a) Pigment epithelium atrophy secondary to laser photocoagulation. (b) Line indicates OCT-scanning direc-
tion. (¢, d) OCT scans of atrophic areas of pigment epithelium after the surgery
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Case 73.Long-Term Post-Laser
Flap Tear

A 53-year-old male patient presented with a
7 day-history of flashes of light and floaters dis-
turbing him after physical exercise. According
to the patient, he had had laser photocoagulation
for peripheral retinal degeneration 1 year ear-
lier. The patient was found to have moderate
myopia and incomplete posterior vitreous
detachment.

Ophthalmoscopic Findings
(Fig.7.73a, b)

Several rows of laser spots are seen in the far
periphery of the inferior quadrant of the right eye.
Laser burns are pigmented, some of them are sur-
rounded by atrophic pigment epithelium. Two
retinal tears are seen at the level of the laser spots:
the U-shaped flap tear at 8 o’clock and the oval
full-thickness tear with an operculum in the vitre-
ous at 7 o’clock position.

OCT Scan Description (Fig. 7.73¢)

Scan 1 The retinal surface is irregular, with
marked vitreoretinal adhesion, traction, shallow
retinal detachment and pigment epithelium
destruction on the left and a full-thickness retinal
tear and areas of dense pigment epithelium on the
right. The retina over the tear is elevated and
adherent to the posterior hyaloid membrane
(cross-section image of the flap).

Scan 2 There are two full-thickness retinal
tears in the neuroepithelium. The pigment epi-
thelium at the tear edges is partially destroyed.

The retinal operculum, adherent to the poste-
rior hyaloid membrane, is seen above the tear
on the right.

OCT Scan Details (Fig. 7.73¢)

. Vitreoretinal adhesion and traction. Layers
of moderate reflectivity in the vitreous

ﬂ Cross-section image of the flap in the vitreous,
with several hyporeflective cavities

ﬁ An operculum floating in the vitreous over the
tear (neurosensory tissue with vitreoretinal
adhesion)

( Full-thickness tear of the neurosensory
retina

I Area of dense neurosensory retina at the tear
edges

Destruction of the pigment epithelium at the
level of the vitreoretinal adhesion and
traction

O Hyporeflective space of the shallow neuro-
sensory detachment

ﬂ Area of dense pigment epithelium at the edge
of the flap tear (laser spot)

’ Increased reflectivity of the choroid at the
level of the pigment epithelium destruction

A Decreased reflectivity of the choroid at the
level of the dense retina under the vitreoretinal
adhesion
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Fig.7.73 (a) Post-laser flap tear. (b) Line indicates OCT-scanning direction. (¢) OCT-scanning results according to the
line direction in (b)
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