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v

 Undoubtedly, optical coherence tomography has changed the approach of 
 clinicians in their daily practice. The evolution of technology from time 
domain to spectral domain and swept source OCT increased the possibilities 
of imaging the retinal and choroidal details. Newer evaluations are now avail-
able to better understand the diseases and to fi nd new biomarkers for retinal 
and choroidal pathologies. From measurement to morphology could be the 
right description of changes occurring from time domain to spectral domain. 
The possibility to visualize retinal and choroidal morphology in real life and 
not only post-mortem allowed a better understanding not only of the tissue 
damage but in particular of its recovery: the dynamic healing process of idio-
pathic macular holes after surgical repair, of optic pit-related retinoschisis 
and neurosensory retinal detachment, or of color and visual impairment and 
its recovery after systemic or intravitreal pharmacological treatments are just 
few examples of the advantages of the OCTs. Thanks to the OCT images, we 
learned about the new pathologic characteristics of retinal diseases like in 
age-related macular degeneration, the outer retinal tubulations or the differ-
ences between drusen and reticular pseudodrusen, in myopia the macular 
retinoschisis, and in juxtafoveal macular telangiectasia the degenerative cysts 
of Muller cells. Optical coherence tomography images have played an impor-
tant role in the study of vitreomacular interface. The classifi cation of vitreo-
macular adhesion, traction, and macular hole introduced a new approach not 
only based on the slit lamp fundus evaluation but also on the changes visible 
with OCT. There is no doubt that imaging the choroid before the advent of 
OCT was almost impossible. In ocular oncology, the differences between 
choroidal melanoma, metastasis, osteoma, hamartoma, hemangioma, lym-
phoma, and granuloma are better delineated with OCT than with ultrasounds. 
In uveitis, the possibility to visualize and measure changes in choroidal thick-
ness provided a better diagnosis and a more accurate control of the treatment 
effect. In central serous choroidopathy, the visualization of an increased 
thickness of the choroid supported the enrollment of the choroid in this dis-
ease. However, the real changes occurred in everyday clinical practice, chang-
ing the approach for diagnosis and treatment. Undoubtedly, for many 
ophthalmologists, not only for retinal specialists, OCT is the leading tool for 
their practice. The number of fl uorescein angiography examinations has been 
reduced in the last 10 years with an important increase of OCT procedures. 
The future will be even more interesting with the full introduction of OCT 
angiography, wide-fi eld OCT, and adaptive OCT. 
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 In this text, Professors Meyer, Saxena, and Sadda have assembled a very 
well-known group of imaging specialists. The topics described go from tech-
nology to clinical use through a series of published paper reviews. Reading 
this book is a perfect way to update our knowledge on OCT. 

 I wish you a good reading.  

    Giovanni     Staurenghi   
   Professor, Department of Ophthalmology 

 University Eye Clinic 
  Toronto,   ON,   Canada   

  University Eye Clinic 
Department of Biomedical 

and Clinical Science “Luigi Sacco” 
 “Luigi Sacco” Hospital 

  Milan,   Italy     
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 Optical coherence tomography (OCT) is an imaging technology based on the 
principle of low-coherence interferometry. Optical coherence tomography 
provides a noninvasive, noncontact, transpupillary technique for real time 
in vivo imaging of the retina. 

 Optical coherence tomography is an ever evolving technology that has 
revolutionized ophthalmic imaging. This technology has played essential 
roles in ophthalmology as well as other branches of medicine. The technol-
ogy has been adapted to produce noninvasive, high-resolution images of both 
the anterior segment (cornea and structures at the angles) and posterior pole 
(retina, choroid, sclera, and optic disk). With rapid evolution in technology 
and improved cellular level resolution, clinical use of OCT has been extended 
to retinal diseases with more complex morphological features. 

 Three-dimensional imaging with its increased potential in interpreting 
retinal morphology provides a global perspective to various retinal diseases. 
This allows effortless localization of images for monitoring disease progres-
sion and response to therapy. Preservation of retinal topography enables visu-
alization of subtle changes associated with the disease. Enface OCT provides 
a new dimension in our understanding of the vitreoretinal interface. 

 Optical coherence tomography angiography is based on the same tech-
nology as conventional OCT imaging but selectively detects signals associ-
ated with motion corresponding to blood fl ow in the fundus. Thus, OCT 
angiography noninvasively visualizes three-dimensional retinal and choroi-
dal vascular networks and enables visualization of these networks in en face 
sections, as in fl uorescein and indocyanine green angiography. Increasing 
attention is being paid to potential clinical applications of this technology in 
retinal ischemic diseases and macular diseases. 

 Swept source OCT devices allow wider regions of the eye to be scanned 
and visualize more precise details of deeper structures such as the choroid 
and sclera. Swept source OCT provides simultaneous high-quality visualiza-
tion of the vitreous, retina, and choroid. 

 The emergence of intraoperative OCT is linked to the concept of an image- 
guided intervention that facilitates high precision in clinical diagnosis. This 
technology aims to create image overlays during the surgical intervention in 
order to assist the surgeon to better visualize and manage living tissues. 

 Spectral domain optical coherence tomography has proved useful in iden-
tifying various biomarkers for imaging in several ocular diseases. Spectral 
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domain OCT-based imaging parameters have also been documented as prog-
nostic biomarkers in various neurological diseases. 

 Hyperspectral imaging is an emerging technology which identifi es materi-
als or detects biochemical and metabolic processes within the retina. It also 
provides a feasible method for measurement and analysis of vascular oxygen 
content in healthy and diseased retina. 

 This text is an effort to provide an in-depth current knowledge of optical 
coherence tomography in macular diseases by experts in their respective 
fi elds from across the globe.  

    Aarau ,  Switzerland      Carsten     H.     Meyer   
    Lucknow ,  India      Sandeep     Saxena   
    Los Angeles ,  USA      SriniVas     R.     Sadda       
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1.1         Introduction 

 Optical coherence tomography (OCT) is a nonin-
vasive, non-contact transpupillary interferomet-
ric technique for real time  in vivo  imaging of 
retinal microstructures. It is equivalent to ultra-
sound B-mode imaging with the use of light 
instead of sound. Long-wavelength light (near 
infrared 840 nm) with wide-spectrum range 
allows penetration into the scattering medium. 
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This allows achievement of image with microm-
eter resolution ranging from 1 to 10 μm. 

 The latest commercial instruments have an 
axial resolution of approximately 5 μm, while a 
resolution of approximately 2 μm is achieved 
with research instruments. The lateral resolution 
is usually about 20 μm due to diffraction caused 
by the pupil. The image acquisition time is less 
than 2 s and is limited by the patient’s ability to 
avoid eye movements. The scanning speed of the 
instrument is a crucial parameter in determining 
the amount of data available for a single OCT 
dataset (Ryan  2013 ).  

1.2     Basic Principle 

 The principle of OCT is based upon low- 
coherence interferometry, where the backscatter 
from outer retinal tissues can be differentiated 
from that of inner tissues, due to the difference 
in time taken by the refl ected light to reach the 
sensor. As the differences between the most 
superfi cial and the deepest layers in the retina 
are around 300–400 μm, the difference in time 
of arrival is very small and requires interferom-
etry for measurement. The low coherent light 
creates an interference pattern allowing a better 
depth resolution. The low coherent light is opti-
cally split into two arms, the reference arm and 
the sample arm, before entering the eye. The 
reference arm is aimed at a mirror at known dis-
tance and is thereby refl ected. The sample arm 
enters the eye and refl ects back from the tissues 
at different depth. Changing the position of the 
mirror changes the amount of interference at 
different tissue depths. A higher interference 
pattern is achieved as long as the two refl ected 
light waves resemble each other. This is attained 
by maintaining similar distance between the 
refl ected light from the reference and sample 
arm. As the optical properties of the eye add 
noise and slightly change the refl ected reference 
arm light wave, the interference is never perfect. 
The sensor measures the energy of the interfero-
gram and displays it as the OCT signal intensity 
(Podoleanu  2012 ).

  There are two main OCT methods: time 
domain OCT (TD-OCT) and Fourier domain 
OCT. Fourier domain methods can be imple-
mented in two formats:

    (i)    Spectrometer based (SB)   
   (ii)    Swept source (SS)    

  Each method, SB-OCT or SS-OCT, has its 
own merits and demerits. The depth resolution 
achieved is dependent on the bandwidth of the 
optical source in the TD-OCT and SB-OCT and 
on the tuning bandwidth in the SS-OCT. 

1.2.1     Time Domain Optical 
Coherence Tomography 

 TD-OCT setup has a broadband optical source 
and a processing unit that employs a single pho-
todetector. The sample arm light wave as refl ected 
from tissue at different depth of the retina creates 
an interference pattern with the refl ected refer-
ence arm light wave. Mirror is used for refl ection 
of the reference arm light wave. By moving this 
mirror to match the optical path of the sample 
arm refl ected by different depth of tissue, an axial 
A-scan is constructed. This setup limits the scan-
ning speed to a few thousand A-scans per second. 
By collecting adjacent A-scans along a transver-
sal coordinate, a cross-sectional image, known as 
B-scan, is obtained.  

1.2.2     Spectral Domain Optical 
Coherence Tomography 

 Spectral domain OCT (SD-OCT) also utilizes a 
broadband optical source, a processing unit, and 
a spectrometer. Fourier domain transformation 
utilizes an array of detectors in place of a moving 
mirror to acquire an A-scan concurrently. This 
increases the scanning speed to about 200 times 
faster than TD-OCT. The high sampling density 
achieved with the scanning speed of SD-OCT 
produces high-quality individual B-scan images. 
The large, dense raster scans make it possible to 
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acquire detailed topographical images of indi-
vidual retina layers, known as segmentation 
maps. This enables visualization and quantitative 
evaluation of the corresponding retinal struc-
tures. Commercially available SD-OCT devices 
have scanning rates of 18,000–70,000 A-scans/s. 
Some of the commercially available SD-OCT 
devices include: Cirrus OCT (Carl Zeiss Meditec, 
Dublin, CA, USA), Spectralis OCT (Heidelberg 
Engineering, Heidelberg, Germany), 3D-OCT 
2000 (Topcon, Tokyo, Japan), Bioptigen SD-OCT 
(Bioptigen, Research Triangle Park, NC, USA), 
and RTVue (Optovue, Fremont, CA, USA).  

1.2.3     Swept-Source Optical 
Coherence Tomography 

 Swept source utilizes a tunable laser that sweeps 
across a narrow band of wavelength with each 
scan. The processing unit comprises of a comple-
mentary metal oxide semiconductor camera and 
two fast parallel photodiode detectors. The spec-
tral interference patterns obtained undergoes 
reverse Fourier transform to generate an A-scan 
image. The scan speed of swept-source instru-
ments, 100,000 A-scans/s, is twice that of 
SD-OCT devices. This facilitates faster acquisi-
tion of B-scans, as well as wider fi eld B-scans 
(12 mm vs 6–9 mm with conventional SD-OCT). 
A wider scan images the optic nerve and macula 
on the same scan. Simultaneous high-quality 
visualization of the vitreous, retina, and choroid 
is realized. At present, SS-OCT is not widely 
available commercially, with the DRI- OCT 1 
(Topcon) being the only commercially available 
device. A different OCT has been compared in 
Table  1.1 .

1.3         Scanning Protocol 

 The three scanning protocols are:

    (i)    Macular cube scan   
   (ii)    Line scan   
   (iii)    C-scan     

1.3.1     Macular Cube Scans 

 They are volume scans similar to computed 
tomography or magnetic resonance scans that 
acquire volumetric cubes of data. Rapid series 
B-scans are acquired, generally in a 6 mm × 6 mm 
square area centered on the fovea. Manual center-
ing of the cube scans other areas of interest 
besides the fovea. Similarly, optic nerve topo-
graphic scans are cube scans centered on the 
optic nerve. The Cirrus HD-OCT (Carl Zeiss 
Meditec Inc., CA, USA) provides two macular 
cube scan protocols. The 512 × 128 protocol ana-
lyzes 128 horizontal scans at high resolution (512 
A-scans per B-scan). The 200 × 200 protocol 
achieves faster imaging at the cost of resolution. 
It takes 1.6 s to acquire 200 horizontal scans (200 
A-scans per B-scan). As the average foveal thick-
ness is 160–180 microns, the resolution of A-scan 
is less than 4 microns theoretically. In Heidelberg 
Spectralis volume scan uses a scanning protocol 
with fast 25 B-scans, each of which consists of 
512 A-scans or a dense 1024 × 49 default scan-
ning protocol. The Topcon 3D OCT has a 
512 × 128 and a 256 × 256 scanning protocol. In 
RTVue 3D macular scans have a 4 mm × 4 mm 
macular cube scan with 101 B-scans each con-
sisting of 512 A-scans and a MM5 protocol. 
Raster and radial scans are also available to scan 
the macula.  

1.3.2     Line Scans, Cross Lines, 
and Raster Scans 

 SD-OCT line scans are a single B-scan composed 
of a higher number of A-scans than the macular 
cube scans enabling higher resolution scans of 
the retinal tissue. In Cirrus 5-line raster, fi ve hori-
zontal 6 mm lines are scanned four times and 
averaged. Oversampling increases the signal- 
noise ratio, thereby increasing the resolution of 
the image. The fi ve lines in the raster can be inte-
grated to obtain a single line scan consisting of 
20 averaged B-scans. The RTVue uses cross line 
scans consisting of horizontal and vertical lines 
scans. In Heidelberg 7-line raster scans are used.  
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1.3.3     C-Scans 

 The C-scans are also known as en face image or 
OCT fundus image. The literal meaning of the 
term en face is “on the face.” En face image is 
obtained by summating data from all B-scans 
and has the same appearance as a red-free 
image of fundus. These provide with a global 
overview of the morphology of the retinal 
surface.   

1.4     Three-Dimensional Spectral 
Domain Optical Coherence 
Tomography 

 The high scanning speed of the SD-OCT allows 
multiple B-scans to be obtained and thus acquires 
a large dataset for the macular cube. The inbuilt 
software, 3D-volume rendering, in Cirrus 
HD-OCT (Carl Zeiss Meditec Inc., CA, USA) 

reconstructs a three-dimensional image of the 
whole retinal cube. The three planes of 3D 
SD-OCT are the X, Y, and Z planes. The X plane 
corresponds to the horizontal B-scan or cross 
section. The Y plane is the vertically recon-
structed B-scan. The Z plane or the coronal plane 
(C-scan) corresponds to the reconstructed en face 
image of the retina.  

1.5     Topographical Maps 

 A topographical map of the individual retinal lay-
ers, internal limiting membrane (ILM) and retinal 
pigment epithelium (RPE) are generated by 3D 
segmentation analysis. The ILM segmentation 
map is color-coded pale blue; the RPE/choriocap-
illaris complex is brown or cream. These maps 
provide an effortless pictorial representation of 
the morphological alterations as well as localiza-
tion of the pathology. The topographical map of 

   Table 1.1    Some of the commercially available SD-OCT devices   

 Device (manufacturer)  Axial resolution  Scanning rate  Special characteristics  Scans available 

 3D-OCT 2000 
(Topcon, Tokyo, 
Japan) 

 5 μm  27 kHz  Fundus camera  Fast map, box scan 
 5- and 9-line raster, 
line scan 
 12-line radial scans 

 Bioptigen SD-OCT 
(Bioptigen, Research 
Triangle 
 Park, NC, USA) 

 4 μm  20 kHz  Designed for research  Rectangular volume, 
mixed volume 
 Linear scan 
 Radial volume 

 Cirrus HD-OCT (Carl 
Zeiss Meditec, 
Dublin, 
 CA, USA) 

 5 μm  27 kHz  Macular cube 
 5-line raster scan, 
1-line raster scan 

 RTVue-100 (Optovue, 
Fremont, CA, USA) 

 5 μm  27 kHz  3D macular scan, 
MM5 
 Line scan, HD scan, 
cross line, HD cross 
line 
 Radial slicer, MM6 
 MM5 mesh scan 

 Spectral OCT SLO 
(Opko, Miami, FL, 
USA) 

 6 μm  27 kHz  Microperimetry  3D macular scan 
 Line scan 

 Spectralis OCT 
(Heidelberg 
Engineering, 
Heidelberg, Germany) 

 8 μm  40 kHz  Eye-tracking fl uorescein 
 ICG angiography, 
autofl uorescence 

 Volume scans 
 7-line raster scan 
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the retina represents the thickness of the retina, 
between ILM and RPE, with a cold/warm color 
scale. The color coding provides a global repre-
sentation of the difference in thickness of the ret-
ina in comparison to a normative database.  

1.6     Masking 

 Masking is another feature of the SD-OCT, use-
ful when visualizing the three-dimensional reti-
nal cube. Masking of the tissue below a desired 
layer from cutting enables peeling back of the 
tissues above the desired layer. By applying the 
internal limiting membrane (ILM) mask, the tis-
sue below the ILM is preserved from being cut, 
and the ILM and the tissues above this layer can 
be peeled back. “Niche” allows for masking in 
two dimensions, the X and Y planes simultane-
ously. These facilitate imaging of the retinal 
pathology at various depths.  

1.7     Retinal Pigment 
Epithelium Fit 

 The RPE fi t feature of the Cirrus HD-OCT (Carl 
Zeiss Meditec Inc., CA, USA) is an important 
advancement to understand various retinal 
pathology (Lumbroso et al.  2009 ). It provides 
C-scan images adapted to retinal curvature. En 
face images that follow the curvature of posterior 
pole can be obtained. RPE fi t software identifi es 
RPE/choriocapillaris complex to display it as a 
curved 3D section plane. The software adapts to 
concavity of RPE/choriocapillaris (Wei et al. 
 2012 ). Sections with thickness varying from 2 to 
20 μm can be obtained with thinner sections 
known as slices and thicker sections known as 
slabs. Blood vessels of the choroid can be seen by 
changing the thickness of sections. A slab of 
selective thickness, the slab thickness of interest, 
can be studied by selecting and adjusting the 
anterior and posterior boundaries represented by 
two separable same-color dashed lines. The slab 
image represents an average signal intensity 
value for each A-scan location through the 
selected depth of the slab.  

1.8     Optical Coherence 
Tomography Interpretation 

1.8.1     Qualitative Data Analysis 

 Qualitative interpretation reviews individual 
line scans of the imaged retina and assess the 
pathology on the basis of knowledge of normal 
anatomy. Comparison with the previous scans 
allows assessment of course of the underlying 
disease and response to treatment. There are 
three things to be taken care of: registration, 
sampling error, and subjective evaluation. 
Registration implies that future line scans must 
be registered to past scans so that precisely same 
anatomic areas are scanned. Sampling error is 
important as to rule out any pathology, so mul-
tiple line scans through the macula is examined. 
Line scans in quantitative assessment tends to 
be individualized as qualitative numbers are 
lacking.  

1.8.2     Quantitative Data Analysis 

 The inbuilt software in commercially available 
OCT devices are capable of analyzing the thick-
ness of the total retina, individual layers like reti-
nal nerve fi ber layer, and the macular volume. 
This is facilitated by the software’s ability to dis-
tinguish inner and outer boundaries of the retina. 
Unlike time domain OCT mapping, which mea-
sures the total retinal thickness as distance from 
the photoreceptor inner and outer segments (IS/
OS) junction to the ILM, the SD-OCT thickness 
mapping strictly corresponds to anatomical reti-
nal thickness, that is, the distance from the RPE 
to the ILM.  

1.8.3     Mapping Retinal 
Thickness 

 In the context of a thickness map the early treat-
ment of diabetic retinopathy study (ETDRS) grid 
is superimposed on the fovea. The grid has an 
innermost circle of 1 mm diameter centered at the 
fovea, an inner circle of 3 mm, and an outer circle 
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of 6 mm diameter. The outer two circles are 
divided into superior, nasal, inferior, and tempo-
ral quadrants. Average thickness values for each 
sector are indicated numerically and also by a 
color scale. A color-coded representation demon-
strates the difference in the retinal thickness with 
age-matched normative database.   

1.9     Recent International 
Nomenclature for Optical 
Coherence Tomography 

 Recently, an international panel with expertise in 
retinal imaging reached a consensus for OCT 
imaging terminology (Staurenghi et al.  2014 ). 
They suggested the terms band, layer, and zone 
for the layers of the retina. The term band refers 
to the three-dimensional structure of the retinal 
layers anatomically. The term zone describes 
those regions on OCT whose anatomical correla-
tion is not clearly delineated. The RPE/Bruch’s 
complex is one of the layers ascribed as zone as 

they are inseparable owing to interdigitation of 
cellular structure or tissue.  

1.10     Interpretation of Normal 
Retinal Layers 

 Histologically, the retina consists of ten layers, four 
of them are cellular and two are neuronal junctions. 
The axonal layers, nerve fi ber layer, and plexiform 
layers are capable of potent light scatter and hence 
are hyperrefl ective. The light scattering potential of 
nuclear layers is lower. The fi rst layer visible on 
OCT images is the hyperrefl ective ILM line at the 
vitreoretinal interface. The hyperrefl ective retinal 
nerve fi ber layer lies next to this layer. Outer to this 
is a hyporefl ective ganglion cell layer. Subsequently, 
hyperrefl ective plexiform layers are imaged with 
an inner nuclear layer situated between them. The 
relatively thick hyporefl ective outer nuclear layer is 
visible next. A thin hyperrefl ective line underneath 
the outer nuclear layer corresponds to the location 
of the external limiting membrane (ELM). The 

Internal limiting membrane

Nerve fiber layer

Ganglion cell layer

Inner plexiform layer

Outer plexiform layerRPE/Bruchs’ complex

Outer photoreceptor segment

Inner photoreceptor segment

External limiting
membrane

Inner segment ellipsoid zone

Inner nuclear layer
Outer

nuclear

layer

  Fig. 1.1    Refl ectivity of different layers on optical coherence tomography (Heidelberg Engineering)       
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hyperrefl ective layer of photoreceptor junction of 
inner and outer segments, currently termed as the 
photoreceptor inner segment ellipsoid zone, lies 
beneath this layer. Due to the increased length of 
outer cone segments in the central fovea, this line is 
slightly elevated in the foveal region. The outer-
most layer imaged is the hyperrefl ective RPE-
Bruch’s complex. The choriocapillaris and the 
choroid are visible outer to the RPE-Bruch’s zone. 
The fovea is recognized on a cross-sectional image 
by its characteristic depression, due to the thinning 
of the retina with the absence of the inner layers at 
the macula (Fig.  1.1 ) (Table  1.2 ).

1.11         Imaging of the Outer Retina 

 A high-resolution SD-OCT provides an in vivo 
cellular level resolution imaging of the outer ret-
ina. Four bands have been distinguished in the 
outer retina. The fi rst band, the innermost and 
faintest band, is attributed to the ELM and repre-
sents the junction of the Muller cells with photo-
receptors (Drexler et al.  2003 ). Anatomical 
correlation of the second band has been contro-
versial. In the past, the second highly refl ective 
band was considered to be junction of the photo-
receptor inner and outer segments (IS/OS) (Ko 
et al.  2004 ; Srinivasan et al.  2006 ). The third 
band is commonly referred to as the cone outer 
segment tips (COST) line, or Verhoeff’s mem-
brane, representing ensheathment of cone outer 
segments by RPE cell apical processes (Oishi 
et al.  2010 ; Puche et al.  2010 ; Srinivasan et al. 
 2008 ; Zawadzki et al.  2005 ). The outermost 
highly refl ective fourth band is believed to repre-
sent the RPE with contribution from the Bruch’s 
membrane and the choriocapillaris (Spaide and 
Curcio  2011 ). 

 Various studies demonstrated that the length of 
the photoreceptor inner and outer segments is 
roughly the same (Anger et al.  2004 ; Drexler et al. 
 2003 ; Hogan et al.  1971 ; Krebs and Krebs  1991 ; 
Spaide  2012 ). They suggested that the IS/OS band 
should form a plane midway between the ELM and 
RPE. On the contrary, the second refl ective band 
was observed to lie signifi cantly closer to the ELM 
than to the RPE. Using ultrahigh- resolution 
SD-OCT, Fernandez et al. were able to demonstrate 
the anatomy of human foveal cone photoreceptors, 
including visualization and identifi cation of the 
myoid and ellipsoid zones of the inner segment of 
the photoreceptors (Fernandez et al.  2008 ). Based 
on published histology, a model of the outer retina 
was drawn to scale by Spaide and Curcio ( 2011 ). 
They compared the layers refl ected on OCT to its 
anatomical correlate. They observed that the second 
band on OCT correlated with the photoreceptor 
inner segment ellipsoid zone (EZ). Lu et al., by 
comparative alignment of OCT bands with an ana-
tomically correct model of the outer retina (using 

   Table 1.2    Refl ectivity of different layers on optical 
coherence tomography.   

 Layer  OCT fi nding  Nomenclature 

 1  Hyperrefl ective  Posterior cortical 
vitreous 

 2  Hyporefl ective  Pre-retinal space 

 3  Hyperrefl ective  Nerve fi ber layer 

 4  Hyporefl ective  Ganglion cell layer 

 5  Hyperrefl ective  Inner plexiform layer 

 6  Hyporefl ective  Inner nuclear layer 

 7  Hyperrefl ective  Outer plexiform layer 

 8  Hyporefl ective band  Inner half, Henle’s 
nerve fi ber layer; outer 
half, outer nuclear 
layer 

 9  Hyperrefl ective  External limiting 
membrane 

 10  Hyporefl ective  Myoid zone of the 
photoreceptors 

 11  Hyperrefl ective  Ellipsoid zone of the 
photoreceptors 

 12  Hyporefl ective  Outer segments of the 
photoreceptors 

 12  Hyporefl ective  Cone interdigitation 
with RPE 

 13  Hyperrefl ective band  RPE-Bruch’s 
membrane complex. 
On occasion this can 
be separated into more 
than 1 band 

 14  Thin layer of 
moderate refl ectivity 
in inner choroid 

 Choriocapillaris 

  Adapted from: Staurenghi et al. ( 2014 ). The IN.OCT 
Consensus  
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freshly isolated living retinas from the leopard 
frog), also suggested EZ to be responsible for con-
tributing to the second refl ective band (Lu et al. 
 2012 ). 

 Yamuchi et al. observed that the origin of the 
EZ was due to the biological activities of the pho-
toreceptor cells. The EZ and ELM visualized on 
SD-OCT image of the retina of a live rat was 
observed to fade or be entirely absent after eutha-
nasia (Yamuchi et al. 2013).  

1.12     Basic Optical Coherence 
Tomography Interpretation 
of Macular Pathology 

 The OCT refl ects the optical properties of the 
imaged tissue in terms of signal intensity. The 
refl ectivity of retinal layers is determined by 
the arrangement of their structures, their bio-
logical densities, and degree of pigmentation. 
The areas can be hyperrefl ective or hyporefl ec-
tive depending upon the amount of light being 
refl ected compared to surrounding areas. 
Shadowing and reverse shadowing depends 
upon the amount of light being absorbed by 
surrounding tissue. Structures which absorb 
more light compared to the surrounding tissue 
cause optical shadowing and decreased visual-
ization of outer layers. Reverse shadowing 
occurs when there is loss/atrophy of pigmented 
tissue that allows excessive light to be transmit-
ted through to the outer layers. Other than the 
gray scale image, false color coding system is 
also attributed by the image processing algo-
rithm for distinguishing the different layers of 
the retina. Structures with high biological 
refl ectivity are represented by red, medium 
refl ectivity with yellow/green, and those with 
low refl ectivity by blue. 

 Pathological features that can be hyperrefl ec-
tive are epiretinal membranes and hard exudates. 
Areas with higher fl uid content, e.g., intraretinal 
cysts and intraretinal and subretinal fl uid accu-
mulation, are usually hyporefl ective. Vitreous 
debris, larger retinal vessels, hard exudates, and 
highly pigmented areas cause shadowing. The 

RPE is a major source of light absorption on 
OCT scanning, so atrophy of the RPE causes 
reverse shadowing with increased refl ectivity 
from the choroid.  

1.13     Spectral Domain Optical 
Coherence Tomography- 
Based Classifi cation Systems 

 Several authors established the correlation of 
visual acuity with the integrity of EZ in diabetic 
retinopathy. Maheshwary et al. ( 2010 ) evaluated 
the ellipsoid zone, 500 microns in either direction 
of the fovea on horizontal and vertical SD-OCT 
images in patients with diabetic macular edema. 
The length of disruption was graded, and grades 
from each patient’s horizontal and vertical scan 
were added to yield a global disruption scale. The 
percentage disruption of photoreceptor EZ was 
found to be an important predictor of visual acu-
ity in diabetic macular edema. Sharma et al. put 
forth a simplifi ed, comprehensive, and physician- 
friendly grading for EZ disruption (Sharma et al. 
 2014 ). The terms focal disruption, disruption 
localized to the subfoveal area, and global EZ 
disruption, generalized disruption throughout the 
macular cube, were defi ned. EZ disruption was 
found to be signifi cantly associated with the 
severity of retinopathy. The length of the grade of 
disruption was observed to signifi cantly correlate 
with impairment in visual acuity. 

 Subsequent studies established the role of 
the external limiting membrane (ELM) in main-
taining the structure of the retina. On ultrastruc-
tural analyses of the junction proteins at the 
ELM, it was found that these junction proteins 
occludin, junction adhesion molecule, and zonula 
occludens-1 are tight junction proteins, similar to 
those found between RPE cells. The ELM is con-
sidered the third blood retinal barrier. Decrease in 
the occludin content at the level of ELM, along 
with swelling of the glial Muller cells in diabetes, 
leads to fl uid accumulation in the macula 
(Omri et al.  2010 ). Mehalow et al. observed that 
the shortening of the photoreceptor inner seg-
ment might be a secondary consequence of the 
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 fragmented ELM. Jain et al. published a novel 
grading system of photoreceptor ELM and EZ 
disruption, establishing that the disruption of 
ELM occurred before disruption of the EZ (Jain 
et al.  2013 ). The grades of ELM and EZ disrup-
tion predict the severity of the disease and visual 
outcome in patients with diabetic retinopathy. 
Another classifi cation system was proposed on 
the basis of variability in the refl ectivity level of EZ 
on SD-OCT (Murakami et al.  2012 ). Relatively 
homogeneous and continuous ELM band was 
described as intact, whereas absent or discontinu-
ous ELM band was described as disrupted. In a 
classifi cation by Sharma et al based on  alteration 
of RPE was graded into three categories – grade 0: 
no RPE alteration; grade 1: focal (alteration pre-
dominantly in up to two quadrants of the map) and 
grade 2: global (alteration in more than two quad-
rants of the map) (Fig.  1.2 ) (Sharma et al.  2015 )   

1.14     Optical Coherence 
Tomography Angiography 

 OCT angiography identifi es retinal circulation 
using the intrinsic motion of the blood cells in the 
vessel. It is based on comparison of repeated OCT 
scans of the eye acquired at the same position in 
the retina (Spaide et al.  2014 ). With the structures 
of the retina remaining static, blood fl ow in the 
vasculature or movement of the eye itself causes 
changes in the scans. After software processing 
for correction for eye movements, the difference 
between OCT images due to blood fl ow remains. 
Imaging data is acquired with a high speed OCT 
system (70,000 A-scans per second or more), and 
high-quality en face maps of vasculature are 
obtained noninvasively without the use of any 
exogenous dye. The angiographic image is gener-
ated by comparison with corresponding OCT 
B-scans of a volumetric scan, allowing for regis-
tration and correlation of vasculature with the 
structural B-scan. The vasculature at different 
depths of the retina can also be individually visu-
alized. This feature is useful in retinal pathologies 
like diabetic retinopathy, retinal vein occlusion, 
age-related macular degeneration, and macular 
telangiectasias (Paulerkhoff et al.  2015 ).  

1.15     Enhanced Depth Imaging 

 Imaging full-thickness choroid is technically 
challenging because of the attenuation of signal 
by pigment cells in RPE. OCT using 800 nm 
wavelength is unsuitable for posterior ocular tis-
sue imaging. 

 Two systems are available:

    (i)    High-penetration OCT   
   (ii)    Enhanced depth imaging (EDI)     

 Fourier transform decodes interferometric 
signals into two conjugate images; one of these 
two images is shown with the retina facing 
toward the top of the screen. To visualize deeper 
structures like the choroid and sclera, peak sen-
sitivity is placed posteriorly. The upside-down 

  Fig. 1.2    Retinal pigment epithelium segmentation maps 
showing topographic alterations in diabetic retinopathy. 
( a ) Grade 0: No RPE alteration. ( b ) Grade 1: Focal – alter-
ation in up to two quadrants of the map ( black arrow ). ( c ) 
Grade 2: Global – alteration in more than two quadrants 
( black arrows )       
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conjugate image of these structures is visual-
ized. This feature is available in commonly used 
OCT, and the need to invert the image has been 
eliminated in these OCT (Mrejen and Spaide 
 2013 , Spaide et al  2008 ). Deep choroidal images 
are enhanced by taking an inverted image and 
multiple B-scan averaging (50–100 images) to 
improve signal to noise ratio.  

1.16     Artifacts on Optical 
Coherence Tomography 

 Artifacts are a common occurrence resulting dur-
ing OCT image acquisition, image processing, 
and analysis by the software or movement of the 
eye (Duker et al.  2013 ). Artifacts are important to 
identify as they may affect the qualitative or 
quantitative interpretation of images. Mirror arti-
fact is only seen in SD-OCT devices as the 
Fourier domain devices generate two OCT mirror 
images around a zero-delay line. The ghost mir-
ror image (image with lesser resolution) is not 
visualized by the operator unless it is moved 
close to the zero-delay line. This happens when 
the OCT machine is pushed very close to the eye, 
or with eyes with large axial length. Vignetting 
results when a part of the OCT beam is blocked 
by the iris characterized by a loss of signal over 
one side of the image. Misalignment artifact 
occurs in patients with poor fi xation or eccentric 
fi xation. The normal foveal depression is not 
aligned with the center of the ETDRS map. 
Software breakdown results due to misidentifi ca-
tion of the inner or outer retinal boundaries due to 
underlying pathologies like epiretinal membrane, 
RPE atrophy, etc. These result in inaccurate 
quantitative measurements and topographical 
mapping. Momentary blockage of image acquisi-
tion during blink results in partial loss of data. 
These blink artifacts are recognized as black hor-
izontal bars across the OCT image. Motion arti-
facts occur due to distortion or repeat scanning of 
the same area due to movement of the eye during 
OCT scanning. Out of range error is an operator- 
induced error. It occurs when the patient’s head is 
not aligned properly on the machine. In this 

B-scan is shifted out of the scanning range. These 
artifacts should be identifi ed before clinical 
decision- making by visualizing the color-coded 
maps and correlating the OCT images with the 
fundus image.
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2.1          Introduction 

 Optical coherence tomography (OCT) is an ever 
evolving technology that has revolutionized oph-
thalmic imaging. With the advent of spectral 
domain technology, an unparalleled micrometer 
axial resolution of 5–10 μm is achieved. With 
more data acquisition per scanning session, volu-
metric analysis and three-dimensional imaging 
are realized (Puliafi to et al.  1995 ; Regatieri et al. 
 2012 ; Yannuzzi et al.  2004 ). Three-dimensional 
OCT generates OCT fundus images that enable 
precise registration of OCT images with the 
image of fundus on standard ophthalmoscopic 
examination techniques (Podoleanu and Jackson 
 1998 ; Podoleanu et al.  1998 ). This allows effort-
less localization of images for monitoring disease 
progression and response to therapy. Preservation 
of retinal topography enables visualization of 
subtle changes associated with the disease. With 
rapid evolution in technology, clinical usage of 
OCT has extended to diseases with more com-
plex morphological features. Improved cellular 
level resolution has extended the application of 
spectral domain OCT to retinal degenerations 
and dystrophies. Three-dimensional imaging, 
with its increased potential in elucidating retinal 
morphology, provides a global perspective to 
various retinal diseases (Saxena and Meredith 
 2006 ). 

  2
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2.1.1     Scanning Protocol 

 In the Cirrus HD-OCT (Carl Zeiss Meditec Inc., 
CA, USA), two macular cube scans are available 
through a square grid of 6 × 6 mm. The 512 × 128 
protocol analyzes 128 horizontal scans at high 
resolution (512 A-scans per B-scan). The 
200 × 200 protocol achieves faster imaging with 
good resolution. Cube scan analysis incorporates 
an algorithm for identifi cation of two layers: 
internal limiting membrane (ILM) and retinal 
pigment epithelium (RPE). The ILM and RPE 
are presented in their entirety as three- dimensional 
surface maps (Fig.  2.1 ). The ILM-RPE thickness 
map gives a complete image of changes in retinal 
thickness with false color coding. These can be 
rotated for view from various perspectives.

   The three-dimensional reconstructed macular 
cube gives a comprehensive image of all the reti-
nal layers. Three orthogonal planes are outlined 
for imaging of the cube (Fig.  2.2 ):

    The X plane parallel to the front of the cube cor-
responds to the horizontal B-scan or cross 
section.  

  The Y plane parallel to the side of the cube cor-
responds to the vertically reconstructed 
B-scan.  

  The Z plane or the coronal plane parallel to the 
top of the cube corresponds to the recon-
structed  en face  image of the retina or the  OCT 
fundus image .     

2.1.2     Three-Dimensional Scan 

 Three-dimensional reconstruction displays the 
entire retinal cube data. Image can be studied 
along either of the three orthogonal planes. An 
image can be cropped to study a section of inter-
est in either of the plane. The entire 3D cube can 
be rotated for viewing from any perspective. 
False color-coding images can be obtained. Other 
than cropping of the image along the X, Y, or Z 
plane, niche editing, i.e., cropping of a quadrant 
of tissue image simultaneously along two planes, 
is also possible. Masking pertains to the addi-
tional option of preserving the tissues below a 
specifi c layer of interest. RPE mask, masks from 
cutting the tissue below the RPE, and thereby 

a b

c

  Fig. 2.1    Three-dimensional segmentation maps. ( a ) Internal limiting membrane-retinal pigment epithelium (ILM- 
RPE) thickness map. ( b ) ILM surface contour segmentation map.( c ) RPE surface topography map       
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enables peeling back the tissue above the 
RPE. This feature allows for localizing and 
studying in detail the pathologies at deeper layers 
of the retinal cube.   

2.2     Macular Diseases 

2.2.1     Dry Age-Related Macular 
Degeneration 

 Geographic atrophy (GA) and drusens are known 
to be distinguishing features of nonexudative (dry) 
age-related macular degeneration (AMD). The 
volume and number of drusen are known to be 
biomarkers for severity of the disease (Yi et al. 
 2009 ). Segmented RPE surface topography maps 
on macular thickness analyses show contour alter-
ation due to underlying drusens. SD-OCT made 
possible the ultrastructural characterization of dru-
sen (Khanifar et al.  2008 ). They are characterized 
by smooth or jagged elevations of the RPE layer, 
with varied refl ectivity in relation to refl ectivity of 
the photoreceptor layer and RPE (Hee et al.  1996 ; 
Srinivasan et al.  2006a ). The  summed-voxel pro-
jection , a representative two- dimensional en face 
image created by B-scans along the anterior-poste-
rior axis of a three- dimensional OCT stack, orients 
the drusen seen tomographically, with respect to 
retinal vasculature seen on fundus photographs. 
Geographic atrophy results from the loss of the 

photoreceptor layer, RPE, and choriocapillaris. In 
most cases, GA fi rst appears in the parafoveal 
location and progresses around the fovea with con-
comitant loss of central visual acuity. These are 
identifi ed on sequential imaging of three-dimen-
sional retinal cube along the orthogonal planes. 
The RPE contour map gives the complete image of 
the lateral extent of the atrophy surrounded by a 
transitional area. In transitional areas the photore-
ceptor dysfunction precedes the appearance and 
progression of GA (Curcio et al.  1996 ). Advanced 
macular visualization helps identify disruption of 
inner segment ellipsoid segment (EZ) of photore-
ceptors along areas of the spread of GA.  

2.2.2     Exudative Age-Related 
Macular Degeneration 

 In classic neovascularization (CNV), SD-OCT 
illustrates a hyperrefl ective mass that extends 
above the RPE, raising the neuroretina (Fig.  2.3 ). 
Intraretinal edema and neovascular mass sur-
rounded by areas of neurosensory or pigment epi-
thelium detachment (PED) indicate active 
CNV. Occult neovascular membranes are located 
between the RPE and Bruch’s membrane. 
Hemorrhagic subretinal fl uid and serous elevation 
of RPE are differentiated on the basis of refl ectiv-
ity profi le. The high resolution of SD-OCT allows 
precise imaging of minute areas of intraretinal or 

  Fig. 2.2    Three-dimensional spectral domain optical coherence tomography showing orthogonal planes X ( red ),Y ( yel-
low ), and Z ( blue ) planes       
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subretinal fl uid and their localization to specifi c 
layers. Alterations in ILM- RPE thickness maps 
with changes in foveal contour and surface altera-
tion of RPE  topography map are useful indicators 
for early identifi cation of occult cases as well as 
for monitoring progression of CNV. Sequential 
imaging of the three-dimensional cube in the Z 
plane provides with en face imaging of the retina 
at a defi ned depth especially at the level of 
RPE. Three- dimensional SD-OCT has superseded 
fl uorescein angiography in subclinical identifi ca-
tion of the retinochoroidal anastomosis (Querques 
et al.  2011 ). Changes in height of PED, oblitera-
tion of subretinal space, and progression of CNV 
are visual guides on follow-up of cases (Ahlers 
et al.  2008 ). RPE tears are known to complicate 
PED (Chang and Sarraf  2007 ; Leitritz et al.  2008 ). 
Tangential stress on RPE due to the increasing 
height of RPE detachment, rapid contraction of 
regressing CNV, and treatment with anti-vascular 
endothelial growth factor (anti-VEGF) therapy are 
probable causes of RPE tear (Chan et al.  2007 ; 
Chan et al.  2010 ; Chiang et al.  2008 ; Gass  1984 ; 
Lafaut et al.  2001 ; Shiraki et al.  2001 ). Three-
dimensional SD-OCT with its unparallel topo-
graphical view of retinal layers identifi es and 
localizes RPE tear particularly subclinically 
(Saxena et al.  2012d ). The RPE tear is visualized 
as absence of RPE underneath the neurosensory 
retina with focal interruption of the RPE signal 
and a hyperrefl ective retracted RPE edge (Fig.  2.4 ). 
Associated CNV is responsible for hyperrefl ection 
in sub-RPE space. The RPE tear creates an area 
where photoreceptors have no RPE support affect-
ing the visual acuity, especially in cases where 
fovea is involved (Albert et al.  2011 ). With time, 
fi broproliferative changes obliterate the subretinal 
space. This has been correlated with histological 
studies that revealed rolled up margins of the RPE 
tear along with the fi brovascular membrane over 
remains of outer segments (Leitritz et al.  2008 ).

2.2.3         Central Serous 
Chorioretinopathy 

 Central serous chorioretinopathy (CSC) is a disor-
der of RPE-choriocapillaris complex (Spaide 

 2005 ). It is characterized by serous detachments 
of the neurosensory retina (Fig.  2.5 ). Disruption 
of the choroidal circulation, followed by decom-
pensation of RPE, allows exudation from the cho-
roidal vasculature to pass into the subretinal space 
(Guyer et al.  1994 ; Piccolino et al.  2005 ; Scheider 

  Fig. 2.3    Three-dimensional imaging of exudative age- 
related macular degeneration. Classic neovascular mem-
brane forms a hyperrefl ective nonhomogeneous fusiform 
mass located in front of the retinal pigment epithelium. 
Cystic cavities present above the lesion. Bruch’s mem-
brane and RPE are also interrupted at the area of the 
neovascularization       

  Fig. 2.4    Three-dimensional imaging of retinal pigment 
epithelium tear with hyperrefl ective edges       
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et al.  1993 ). Pigment epithelium detachment is not 
an uncommon fi nding in these cases and is usually 
located within or at the edge of the sensory retinal 
detachment (Figs.  2.5 ,  2.6 ). Diffuse RPE atrophy 
or alterations characterize chronic CSC. Subretinal 
fl uid may be cloudy due to the presence of fi brin 
in chronic or recurrent cases (Mitarai et al.  2006 ; 
Ojima et al.  2007 ). A better understanding of the 
pathogenesis has been gained with advent of OCT 
(Kamppeter and Jonas  2003 ; Lida et al.  2000 ; 
Mitarai et al.  2006 ; Piccolino and Borgia  1994 ). 
SD-OCT succeeded fl uorescein angiography by 
identifying defects in the RPE layer in the areas of 
PED corresponding to sites of leakage (Fujimoto 
et al.  2008 ; Hussain et al.  2006 ; Montero and 
Ruiz-Moreno  2005 ). Three-dimensional OCT 
localizes these leakage sites precisely (Wang et al. 
 2011 ). Three-dimensional surface RPE maps con-

fi rm both PEDs and RPE alterations. Surface 
topography map of ILM reveals the presence and 
location of subclinical CSC with changes in sur-
face contour. False color-coded ILM-RPE maps 
provide with progressive analysis of thickness 
(Fig.  2.6 ). Subretinal fi brin deposition in chronic 
CSC has been demonstrated on 3D SD-OCT 
(Saxena et al.  2011 ). Hyperrefl ectivity in the sub-
retinal space with fi brin deposition corresponds to 
clinically observed yellowish white subretinal 
exudate (Fig.  2.7 ).

     Alteration in the photoreceptor outer segment 
(OS) and EZ is visualized inner to the detached 
neurosensory retina (Ojima et al.  2007 ). The 
increased thickness of the OS in acute phase 
gradually decreases with reattachment. Punctuate 
or granular appearance of the OS occurs more 
frequently in cases of chronic or recurrent 

  Fig. 2.5    Central serous chorioretinopathy. Spectral domain optical coherence tomography cross section showing 
 pigment epithelium detachment associated with neurosensory detachment       

a b

  Fig. 2.6    Central serous chorioretinopathy. ( a ) Surface 
topography maps with false color-coded internal limiting 
membrane-retinal pigment epithelium (ILM-RPE) thick-

ness depicting increased retinal thickness. ( b ) Surface 
map of RPE showing pigment epithelium detachment       
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CSC. The latter appearance is probably due to the 
accumulation of the shed OS. After retinal reat-
tachment, the EZ gradually becomes clear, 
implying normalization of the assembly of the 
OS due to regular phagocytosis resumed by the 
RPE. Thus a detailed morphological assessment 
of the disease is obtained.  

2.2.4     Nonproliferative Diabetic 
Retinopathy and Diabetic 
Macular Edema 

 OCT has been an indispensable ancillary inves-
tigation for characterization of intraretinal cys-
toid spaces in diabetic macular edema. The 
thickness of the subretinal space is greatest at 
the central fovea and declines peripherally. 
Serous retinal detachment is seen as a subretinal 
fl uid accumulation with elevation of neurosen-
sory retina from RPE (Figs.  2.8 ,  2.9 ). 3D 
SD-OCT is a supportive investigative tool for 
evaluation and follow-up of patients with dia-
betic retinopathy. Involvement of the outer 

plexiform layer, inner plexiform, and ganglion 
cell layer with global extent of edema is well 
defi ned with sequential imaging in the three 
orthogonal planes. Cotton wool spots, due to 
retinal ischemia, appear as regions of increased 
refl ectivity of the retinal nerve fi ber layer and 
inner neurosensory retina. Hard exudates are 
identifi able as hyperrefl ective foci in the outer 
retinal layers with posterior shadowing. Color- 
coded retinal thickness maps pick up the earlier 
stages of diabetic retinopathy with ILM surface 
topography depicting the absence of foveal 
depression. RPE changes may also refl ect 
 previous laser photocoagulation, which are 
visualized on RPE segmentation map. High-
resolution imaging enables better evaluation of 
the integrity of the photoreceptor layer, both at 
baseline and after resolution of diabetic macular 
edema.

2.2.5         Proliferative Diabetic 
Retinopathy 

 Three-dimensional SD-OCT is an auxiliary 
investigative tool for portraying neovasculariza-
tion, hemorrhage, and preretinal fi brosis in pro-
liferative diabetic retinopathy. With imaging of 
vitreoretinal interface, visualization of subhya-
loid hemorrhage relative to the ILM and posterior 
hyaloid face, extent of the lesion, and structural 
alteration of layers of the retina below the hemor-
rhage are well defi ned (Kroll et al.  1999 ; Punjabi 
et al.  2008 ). Structural changes in the retina 
below the hemorrhage predict the visual outcome 
post therapy. Distinction of preretinal mem-
branes, visible as thin refl ective bands anterior to 
the retina, from detached posterior vitreous is 
made easy. The posterior hyaloid typically has a 
lower refl ectivity than a preretinal membrane due 
to the optical transparency of the vitreous. 
Presence, localization, and extent of retinal trac-
tion are well visualized (Srinivasan et al.  2006a ). 
Retinal thinning corresponding to retinal  atrophy 
occurs in the region of previous photocoagulation 
treatment. The vitreous gel plays a key role in 
causing effects at vitreoretinal interface with 
fi brovascular proliferation or epiretinal mem-

  Fig. 2.7    Three-dimensional imaging of central serous 
chorioretinopathy. Neurosensory detachment from retinal 
pigment epithelium. The photoreceptors follow the neuro-
sensory retina along the anterior boundary of detachment. 
In cases of prolonged detachment, these segments of 
the photoreceptors become altered and granular. Hyper-
refl ective subretinal depicts fi brin deposition in the sub-
retinal space. Pigment epithelium detachment is associated 
with detachment of the neuroepithelium       
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brane (ERM) formation at later stages of diabetic 
retinopathy. Presence and severity of macular 
traction and distortion of retinal contour due to 
ERM are well studied. Uniform attachment or 
multiple surface adhesions with retinal striae or 
focal tenting of the inner retina are better 
 visualized on 3D SD-OCT. Evaluation of vitreo-
retinal interface has helped better understand the 
pathophysiology of the disease and planning for 
surgery (Gallemore et al.  2000 ).  

2.2.6     Retinal Vein Occlusion 

 Occlusion of the retinal venous system is the sec-
ond most common retinal vascular disease after 
diabetic retinopathy (Spaide et al.  2003 ). OCT 
fi ndings in retinal vein occlusion include cystoid 
macular edema, ERM, pseudoholes, lamellar 
holes, and subhyaloid or preretinal hemorrhages 
(Arevalo et al.  2013 ; Spaide et al.  2003 ). The 
extent of involvement of edema depends on the 
territory of the occluded vessel. Hemorrhages are 
localized to the nerve fi ber layer and outer plexi-
form layer. Edematous changes in the inner 
nuclear and ganglion cell layer appear as diffuse 
thickening with hyporefl ective spaces. Cystic 
changes localize to the inner and outer nuclear 
layer, and serous retinal detachments may occur 
with neurosensory retina detachment from 
RPE. Alteration in external limiting membrane 
(ELM) as well as EZ is also observed. With 3D 
SD-OCT, improved monitoring of macular 
edema, with changes in retinal contour in 
response to treatment and correlation with post- 

resolution visual acuity, has been realized. Spatial 
extent of macular edema is better discerned with 
scans along the three orthogonal planes (Yamaike 
et al.  2008 ). OCT plays a pivotal role in quantita-
tively monitoring the changes in retinal thickness 
after treatment, such as intravitreal triamcinolone 
or anti-VEGF therapy (Greenberg et al.  2002 ).  

2.2.7     Retinal Artery Occlusion 

 Central retinal artery occlusion is an unfavorable 
ocular condition that results in profound and per-
manent loss of vision. On OCT, the affected area 
demonstrates increased thickness and refl ectiv-
ity in the inner retina corresponding to edema of 
the retinal layers. The ganglion cell layer and 
inner nuclear layer are affected in proportion to 
the duration of ischemia, whereas outer nuclear 
and plexiform layers and photoreceptors 
show no damage (Wojtkowski et al.  2005 ). 
 Three- dimensional OCT will enhance the irregu-
lar macular contour due to ischemia-induced 
edema of the inner retinal layers. These fi ndings 
correlate with the histopathology where isch-
emic necrosis of the inner layers is observed. 
Hyperrefl ectivity of the inner retinal layers 
causes shadowing of the optical signal of the 
outer layers and RPE/choriocapillaris complex, 
mimicking retinal edema. The marked difference 
from retinal edema due to other retinal vascular 
diseases is lack of cystic spaces of low refl ectiv-
ity. No correlation has been found with extent of 
initial macular edema and visual improvement 
(Schmidt et al.  2006 ). Branch retinal artery 

  Fig. 2.8    Spectral domain optical coherence imaging of nonproliferative diabetic retinopathy showing cystoid macular 
edema       
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occlusion and cilioretinal artery occlusion shows 
similar hyperrefl ectivity localized to the distri-
bution of the artery involved. After the resolu-
tion of retinal edema, the inner retina becomes 
 atrophic in a few days due to reperfusion 
injury (Saxena et al.  2013b ). Later on with wash-
out of oxidative stress biomarkers, recovery of 
retinal thickness termed pseudo normalization, 
is observed. Retinal atrophy sets in by 3 months 
with formation of an acellular scar of the inner 
retinal layers. False color-coded thickness maps 
are useful in monitoring these changes.  

2.2.8     Macular Hole 

 Visualization of vitreofoveal interface with 
SD-OCT improved the understanding of patho-
physiology of progression of a macular hole. 
Anteroposterior vitreous and tangential traction 
explain the sequel of subtle changes in the outer 
retinal layers of the fovea, elevation of foveal 
contour in the foveal pit region, followed by for-
mation of a foveal pseudocyst that characterizes 
an impending macular hole. Retinal tissue 
remains at the base of a pseudocyst. Three- 
dimensional SD-OCT demonstrates vitreoretinal 
interface between the cone of the posterior hya-
loid and the inner retinal surface of the foveal pit. 
Three-dimensional views of the ILM show eleva-
tion of the roof of the foveal cyst in the foveal pit. 
Incompletely detached posterior hyaloid exhibits 
an oblique pull over the retinal surface with a 
clinical appearance of crescent or horseshoe reti-
nal defect. Full-thickness macular holes are char-
acterized by disruption of retinal layers up to the 
RPE with involvement of photoreceptor layers 
(Figs.  2.10 ,  2.11 , and  2.12 ). Detachment of vitre-
ous from retinal surface at posterior pole and in 
later stages from the disk is observed. Full-
thickness macular holes are visualized as a cone-
shaped steepening of the fovea with variation in 
extent and base. The size of a macular hole has 
been documented to affect anatomical and visual 
success post surgery. Variable amount of intra-
retinal edema surrounding the hole is present 
with increase in retinal thickness. Disruption of 
the photoreceptor layer is a useful predictor of 

visual outcome post surgery (Hangai et al  2007 ; 
Inoue et al  2009 ; Srinivasan et al.  2006a ,  b ). 
SD-OCT is useful in evaluating the preoperative 
macular hole confi guration and postoperative 
resolution (Altaweel and Ip  2003 ; Tilanus et al. 
 1999 ; Ullrich et al.  2002 ). 

 SD-OCT also improved the differentiation of 
lamellar holes and pseudomacular holes (Witkin 
et al.  2006 ). Lamellar holes earlier defi ned as 
defects in the fovea, due to the avulsion of the 
roof of a cystoid macular edema, is now described 
on OCT as dehiscence in the inner fovea with 
intact outer retinal layers at the base of the hole 
(Haouchine et al.  2004 ). Macular pseudohole is 
described as steepening of foveal contour due to 
ERM contraction and a normal or slightly 
increased central and paracentral retinal thick-
ness (Haouchine et al.  2004 ). Three-dimensional 
volume rendering illustrates the vertical edges of 
the foveal pit with a U shape of the fovea 
(Fig.  2.13 ). Outer retinal layers are intact.

2.2.9           Epiretinal Membrane 

 The epiretinal membrane (ERM) is a nonvascu-
lar fi brocellular proliferation that develops on 
the surface of the ILM and causes a spectrum of 

  Fig. 2.9    Three-dimensional imaging of nonproliferative 
diabetic retinopathy showing intraretinal edema along 
with serous retinal detachment       
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changes such as increase in retinal thickening, 
loss of foveal contour, distortion of the retinal 
surface, vascular tortuosity, cystic changes, 
intraretinal fl uid accumulation, foveoschisis, 
and formation of macular pseudoholes. ERM in 
healthy eyes is localized between ILM and the 
vitreous body interface (Koizumi et al.  2008 ). 
From cellophane macular refl ex to macular 
pucker, ERM has been classifi ed on clinical as 
well as on OCT fi ndings (Gass  1997 ; Mori et al. 
 2004 ; Wilkins et al.  1996 ). SD-OCT, besides 
detecting the focal and broad-based attachments 
of the ERM to the retina, enhances the resolu-
tion of intraretinal architectural morphology 
(Fig.  2.14 ). Retinal thickness and integrity of the 
EZ are known to be prognostic factors of visual 

acuity after ERM surgery (Wong et al.  2005 ). 
Thicker and opaque membranes may cause par-
tial posterior vitreous detachment with persis-
tent vitreomacular adhesions leading to cystoid 
macular edema. Posterior vitreous detachments 
also may cause tractional retinal detachment or 
retinal breaks. Absence of posterior vitreous 
detachment helps differentiate vitreomacular 
traction from idiopathic ERM, although both the 
entities signifi cantly overlap (Koerner and 
Garweg  1999 ; Legarreta et al.  2008 ). ERM with 
vitreomacular and vitreopapillary adhesions has 
been described in diabetic retinopathy and 
Eales’ disease (Ophir and Martinez  2011 ; 
Saxena et al.  2012a ). With three-dimensional 
imaging in diabetic  retinopathy, ERM with 

  Fig. 2.10    Cross-sectional spectral domain OCT of full-thickness macular hole       

a b

c

  Fig. 2.11    Figure showing ( a ) false color coded internal 
limiting membrane-retinal pigment epithelium (ILM-
RPE) thickness map demonstrating thickened retina, loss 
of foveal contour and surface distortion due to epiretinal 

membrane, ( b ) ILM surface topography map with pres-
ence of radial folds due to epiretinal membrane ( c ) and 
normal RPE topography map in the same eye       
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 nontractional vitreoretinal interfaces were iden-
tifi ed as fi ne foldings seen on ILM maps, which 
disappeared after ILM peeling (Abe et al.  2013 ). 
ILM segmentation maps demonstrate parallel or 
radiating folds due to vitreoretinal interaction at 
sites of adhesion of ERM. Color-coded ILM-
RPE thickness maps identify intraretinal fl uid 
accumulation causing elevation of foveal con-
tour (Fig.  2.15 ). Three-dimensional imaging 
allows better characterization of ERM including 
visualization of extent of ERM, cleavage planes 
formed between retinal layers, evaluation of vit-
reoretinal surface for attachment sites and its 
confi guration, and assessment of thickness of 
the ERM (Elbendary  2010 ). The identifi cation 
of presence and localization of adhesions of 
ERM to inner retina help in preoperative plan-
ning in membrane peeling or delamination. 
Sequential imaging of the retinal cube in all the 
three planes gives a high-resolution representa-
tion of all the intraretinal layers identifying 
extent and location of alteration in functionally 
relevant structures including the photoreceptor 
layer. Restoration of the anatomy post surgery 
can be well demonstrated on OCT. Three-
dimensional SD-OCT gives unprecedented visu-
alization of ERM (Figs.  2.13  and  2.14 ).

2.2.10         Vitreomacular Traction 
Syndrome 

 Vitreomacular traction (VMT) is a distinct 
clinical entity which results from persistent 
attachment of vitreous to the macula in the 
presence of incomplete posterior vitreous 
detachment. Asymptomatic disease course of 
VMT occurs due to spontaneous detachment of 
vitreous from macula with restoration of struc-
tural retinal changes (Hikichi et al.  1995 ). 
Persistent traction leads to structural changes 
of retinal contour with progressive retinal 
edema, distortion of retinal architecture, 
detachment of fovea, or full- thickness macular 
hole formation (Gallemore et al.  2000 ; Yamada 
and Kishi  2005 ). Vitreopapillary adhesion may 
infl uence the vectors of force at the vitreoreti-
nal interface causing a centrifugal tangential 
contraction which can result in idiopathic ERM 
(Wang et al.  2009 ). Coexisting macular dis-
eases classifi es VMT as concurrent. 
Vitreopapillary and vitreomacular traction 
have been described in diabetic retinopathy 
(Karatas et al.  2005 ; Ophir and Martinez  2011 ; 
An OCT based classifi cation by the 
International Vitreomacular Traction study 
group subclassifi ed VMT with attachment of 
1500 μm or less as focal, whereas VMT with 

  Fig. 2.12    Three-dimensional imaging showing stage IV 
macular hole. Cystoid macular edema forms a ring around 
the margins of the hole. These pseudocysts are located in 
the internal and external nuclear layers       

  Fig. 2.13    Three-dimensional imaging showing pseudo-
macular hole with steep foveal contour. Preservation of 
the outer layers of retina       
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attachment of more than 1500 μm as broad 
(Duker et al.  2013 ). Three-dimensional imag-
ing gives a comprehensive view of vitreoreti-
nal interface changes and a global perspective 
to the structural alteration of retinal layers 
caused by VMT (Ito et al.  2000 ; Chang et al. 
 2008 ). SD-OCT discerns retinoschisis of the 
outer retinal layers. Structural alteration of the 
photoreceptor layer correlates well with visual 
dysfunction, metamorphopsia. Surface topog-
raphy ILM map shows corresponding elevation 
of ILM at the points of vitreous attachments at 

foveal and extrafoveal locations. A cleavage 
plane due to infolding of the retina can be 
observed as a corresponding dip over the ILM 
map. A false color-coded ILM-RPE map high-
lights the changes in macular thickness. 
Introduction of ocriplasmin, a pharmacological 
means of vitreolysis, has increased the signifi -
cance of evaluation of the vitreomacular inter-
face with SD-OCT. A detailed evaluation of 
the attachment site reinforces the role of 3D 
OCT in identifying suitable cases for ocriplas-
min therapy (Figs.  2.16 ,  2.17 , and  2.18 ).

  Fig. 2.14    Spectral domain OCT cross-sectional imaging 
showing hyperrefl ective, taut, and continuous epiretinal 
membrane (ERM) exerting traction on the retinal surface, 

causing folds on the internal limiting membrane and the 
inner retinal layers. Arrow marks the partial separation of 
ERM from the retinal surface       

a b

c

  Fig. 2.15    Figure showing ( a ) false color coded internal 
limiting membrane-retinal pigment epithelium (ILM-
RPE) thickness map demonstrating thickened retina, loss 
of foveal contour and surface distortion due to epiretinal 

membrane, ( b ) ILM surface topography map with pres-
ence of radial folds due to epiretinal membrane ( c ) and 
normal RPE topography map in the same eye       
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2.2.11          Eales’ Disease 

 Eales’ disease is an idiopathic infl ammatory 
venous occlusive disease and primarily affects 
the peripheral retina of young men. It is charac-
terized by stages of venous infl ammation (peri-
phlebitis), peripheral capillary nonperfusion, and 
retinal neovascularization. SD-OCT offers high- 
resolution imaging of the retina in cases of Eales’ 
disease. Appreciation of ERM, retinal folds, 
and hyperplastic RPE are well discerned. 
Retinoschisis in a case of Eales’ disease has also 
been detected with the help of SD-OCT (Saxena 
and Kumar  2000 ). Saxena and Kumar have also 
reported the involvement of macula in Eales’ 
 disease. Vitreopapillary and vitreomacular trac-
tions with ERM leading to vitreomaculopathy 
have been documented (Saxena et al.  2012a ). 

Anomalous posterior vitreous detachment is 
not the cause of vitreomacular or vitreopapillary 
traction in these cases. Microstructural changes 
in the retina due to vector forces of the fi brous 
traction bands are well discerned with the help 
of three-dimensional SD-OCT (Fig.  2.19 ). The 
ILM-RPE segmentation maps are useful in 
depicting the topographical changes due to 
 traction caused by fi brous bands. These maps 
reveal the surface alterations on the retina, inter-
nal limiting membrane, and the changes in retinal 
thickness.

2.2.12        Macular Dystrophies 

 Stargardt disease (STGD) is an autosomal reces-
sive macular dystrophy, linked to mutation of the 
ABCA4 gene, characterized by early onset, rapid 
progression, and poor visual outcome. Fundus 
fl avimaculatus (FFM) is a variant dystrophy with 
late onset and slow progression. The ABCA4 
gene codes for a transport protein that is involved 
in the visual cycle and located in the photorecep-
tor outer segments. Mutation in ABCA4 results 
in abnormal accumulation in RPE and conse-
quent RPE degeneration and photoreceptor dis-
ruption. Both dystrophies are characterized by 
macular atrophy and fl eck-like deposits in the 
retina of varying size and shapes (Querques et al. 
 2006 ). SD-OCT is helpful in these cases in 
revealing photoreceptor disruption and appropri-
ate localization of the fl ecks in different layers of 

  Fig. 2.16    Cross-sectional spectral domain-OCT imaging 
of vitreomacular traction. Partially adherent vitreous 
exerting traction on the retinal surface, causing the foveal 
depression to disappear. The inner retinal layers are pulled 
up into a cone at the site of traction       

a b

  Fig. 2.17    ( a ) Internal limiting membrane-retinal  pigment 
epithelium (ILM-RPE) thickness map with false color 
coding demonstrating thickened retina, presence of radial 
folds and elevated ILM cone at the site of adhesion to 

 vitreous. ( b ) Surface topography internal limiting mem-
brane (ILM) map depicting surface elevation at the site of 
adherence with vitreous surrounded by radiating folds       
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the retina and their anatomic confi guration with 
one another (Querques et al.  2009 ). Voigt et al. 
( 2010 ) demonstrated presence of fl ecks at fi ve 
different levels in FFM. They reported fl ecks at 
the level of outer segment of the photoreceptors, 
the RPE interdigitations, at and beneath the RPE/
Bruch membrane complex, interface of photore-
ceptors and external limiting membrane, and a 
few fl ecks at the level of outer nuclear layer. 
Verdina et al. ( 2012 ) showed the absence of iso-
lated fl ecks at ONL and reported that there was a 
presence of anatomical connection between all 
the hyperrefl ective fl ecks at the level of ONL 
with the one present at the level of RPE. These 
represent the different appearances or stages of 
the same lesion. On SD-OCT, fl ecks at the level 
of RPE correspond to areas with disruption of 
ellipsoid zone of the photoreceptor. 

 Three-dimensional SD-OCT imaging pro-
vides novel insight into the in vivo retinal mor-
phology and pathogenesis of STGD and FFM 
(Saxena et al.  2012e ). The atrophic area in fovea 
may be surrounded by a transition zone which is 
hypothesized to represent areas in the process of 
photoreceptor disruption. Macular visualization 
on SD-OCT demonstrates central macular atro-
phy with loss of the photoreceptor layer, marked 
thinning of outer nuclear layer, and residual 

neurosensory retina. Peripheral retinal layers 
are structurally normal. Segmentation maps 
provide ancillary fi ndings. The ILM-RPE thick-
ness maps reveal two concentric ring-like pat-
terns for the two zones in both STGD and 
FFM. The inner zone of accentuated foveal 
depression, surrounded by an outer transitional 
zone, is visualized. Analysis of a single ILM 
map gives a better defi nition of the two zones in 
the case of FFM as compared to STGD. A seg-
mentation map of RPE demonstrates the fl ecks 
as surface irregularities. The distribution of 
fl ecks on a RPE topography map further distin-
guish the two variants; a widespread distribu-
tion of fl ecks all over the posterior pole is a 
feature of STGD, whereas in FFM, fl ecks are 
present only along the vascular arcades. 
Irregular hyperrefl ectivity below the RPE was 
more prominent in the  subfoveal area in the case 
of Stargardt (Figs.  2.20  and  2.21 ).

2.2.13         Foveal Retinoschisis 

 X-linked foveal retinoschisis is caused by muta-
tions in the XLRS1 gene on chromosome Xp22 
encoding  retinoschisin , which is primarily 
expressed in the photoreceptor and bipolar cells. 
The disease is characterized by degeneration of 

  Fig. 2.18    Three-dimensional imaging along the X plane 
showing vitreoretinal interaction with elevation of inner 
retinal layers at sites of persistent attachment of vitreous       

  Fig. 2.19    Eales’ disease. Three-dimensional spectral 
domain optical coherence tomography showing vitreo-
macular traction ( arrow ) highlighted on the internal limit-
ing membrane ( gray tone ) due to fi brous proliferation in 
Eales’ disease (Reprinted with permission from Saxena 
et al.)       
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vitreous and splitting of the retina. Bilateral 
asymmetric involvement occurs. Macular 
changes are present in almost all cases. Intraretinal 
cysts or schitic cavities form in the macula; how-
ever studies have documented no signifi cant cor-
relation between visual acuity and size of 
intraretinal cyst (Apushkin et al.  2005 ). Schisis at 
the level of the retinal nerve fi ber layer, ganglion 
cell layer, outer plexiform layer, inner nuclear 
layer, and outer nuclear layer is observed. Bullous 
and atrophic morphological subtypes have been 
classifi ed based on clinical and OCT fi ndings 
(Eriksson et al.  2004 ; Greene and Shakin  2004 ). 
Bullous retinoschisis have been documented in a 
younger age group with involvement of all the 
retinal layers with increased retinal thickness. 
With advancement of the disease, the retina 
becomes atrophic with foveal contour fl attening, 
widening, and minor RPE changes. Schisis 

within the inner nuclear layer of perifoveal areas 
is observed (Yanoff and Fine 1989). Disruption 
of the ELM and EZ occurs in almost all cases. 
These changes have been correlated with fi ndings 
on histopathology (Condon et al.  1986 ). Three-
dimensional imaging well defi nes the extent and 
confi guration of splitting (Gerth et al.  2008 ; 
Prenner et al.  2006 ). The foveal contour changes 
along with elevation of the outer retinal layers 
due to traction are well enhanced (Saxena et al. 
 2013a ). Vitreous veils, overlying the schisis, 
causing traction on inner retinal layers are 
observed. OCT also reveals subclinical schisis 
areas or extension to the optic disc area or 
beyond. Color-coded ILM- RPE thickness maps 
and ILM maps show elevation or tenting in the 
foveal area due to subclinical traction. SD-OCT 
is an important adjunct for assessment of foveal 
retinoschisis (Figs.  2.22  and  2.23 ).

  Fig. 2.20    Internal limiting membrane-retinal pigment 
epithelium (ILM-RPE) maps showing the two areas of 
central macular atrophy and the transitional zone in 
Stargardt disease ( a1 ) and fundus fl avimaculatus ( a2 ), 
respectively. RPE maps showing irregularities corre-
sponding to the fl ecks, more widespread in Stargardt dis-

ease ( b1 ) as compared to FFM ( b2 ). The ILM map shows 
the two zones of central macular atrophy and the transi-
tional zone much more distinct in fundus fl avimaculatus 
as two concentric rings ( c2 ) as compared to Stargardt 
 disease ( c1 )       
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2.2.14         Toxoplasma 

 Ocular toxoplasmosis is known to occur either in 
a congenital or a postnatal acquired form. 
Congenital toxoplasma becomes clinically appar-
ent decades later. Acquired toxoplasmosis is the 
most common cause of infectious retinitis in 
immunocompetent individuals. Bilateral devel-
opment may occur during the acute phase of the 
infection or more commonly many months to 
years later. The hallmark is a necrotizing retino-
choroiditis satellite lesion adjacent to old hyper-
pigmented scars accompanied by vitreous 
infl ammation and anterior uveitis along with vas-
culitis. Clinical course varies from benign self- 
limited disease to vision-threatening cases 
depending on involvement of critical structures. 

Toxoplasma retinochoroiditis can be associated 
with severe morbidity if the disease extends to 
the macula and optic nerve, or if there are com-
plications such as retinal detachment due to 
necrotic hole formation or tractional changes or 
neovascularization. 

 Spectral domain OCT in active toxoplasmosis 
enabled identifi cation of morphological features 
underestimated on clinical examination (Monnet 
et al.  2009 ; Orefi ce et al.  2007 ). SD-OCT imaging 
revealed features like diffuse macular edema, 
VMT, maculoschisis, and relative hyperrefl ectiv-
ity of choriocapillaris/choroid in the central atro-
phic area and posterior vitreous detachment. 
Absent retinal nerve fi ber layer, splitting of layers 
of the retina at the outer nuclear layer, and discon-
tinuation of the photoreceptor layer are conspicu-
ous subclinical fi ndings well visualized on a 3D 
macular cube (Garg et al.  2009 ). Retinal thinning 
in the scar area correlates with a histopathological 
fi nding of severe destruction of the infected area 
with chorioretinal adhesion. OCT imaging has 
been found to be helpful in cases with better 
visual acuity with localization of lesion in parafo-
veal areas or with intact neurosensory layer. 
Three-dimensional SD-OCT allows comprehen-
sive imaging of excavated lesion in healed cases 
(Saxena et al.  2010 ). The RPE segmentation maps 
accentuate the excavated scar/atrophy, as it illus-
trates increased thickness at the periphery of the 
lesion with loss of RPE in the center of the lesion 
(Figs.  2.24 ,  2.25  and  2.26 ).

  Fig. 2.21    Three-dimensional visualization shows fl ecks 
at the level of retinal pigment epithelium (enclosed in 
 black circle ) in an eye with Fundus fl avimaculatus       

a b

  Fig. 2.22    Spectral domain OCT showing foveal retinos-
chisis. ( a ) Disruption of the outer nuclear layer, external 
limiting membrane, and inner segment ellipsoid zone 
( circle ). ( b ) SD-OCT showing two large central cysts with 

intervening connecting palisade in outer plexiform layer 
in the foveal region. Three small cysts are observed in the 
inner nuclear layer ( arrow )       
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2.2.15         Choroidal Tuberculoma 

 Intraocular involvement in tuberculosis is 
believed to develop via a hematogenous spread 
from the lung. Tuberculosis can have a variety of 
ocular manifestations and consequently may 
mimic a number of ocular infl ammatory diseases. 
A defi nitive diagnosis of ocular TB requires a 
combination of clinical signs consistent with 
known patterns of ocular TB and a demonstration 
of the mycobacterium by means of culture, DNA 

amplifi cation from ocular samples, or a positive 
response to a week of therapeutic trial of antitu-
bercular therapy. The common presenting mani-
festation of intraocular TB is reported to be 
choroidal tubercles, tuberculomas, and serpigi-
nous choroiditis (Gupta et al.  2015 ). Choroidal 
tuberculomas are known to present as solitary 
subretinal mass, mimicking a choroidal tumor. 
Exudative retinal detachment is common in the 
area surrounding the tuberculoma and is respon-
sive to antitubercular treatment (Bodaghi and Le 
Hoang  2000 ; Salman et al.  2006 ). Enhanced 
depth imaging SD-OCT, improves the visibility 
of the choroid (Spaide et al.  2008 ). Three-
dimensional SD-OCT imaging of choroidal 
tuberculoma well documents the spatial visual-
ization of the elevated retina (Saxena et al. 
 2013c ). Hyperplastic RPE with proliferating 
RPE cells and granular outer plexiform layer due 
to phagocytosed photoreceptor cells is observed. 
This results from chronicity of the underlying 
lesion abutting the retina. 3D SD-OCT exqui-
sitely demonstrates the response to antitubercular 
therapy with decrease in retinal elevation and 
resolution of the subfoveal neurosensory detach-
ment (Figs.  2.27 , and  2.28 ).

2.2.16          Welder’s Arc Maculopathy 

 Light emitted during the use of welding tools 
affects the eye in various ways. Ultraviolet emis-
sion affects the cornea and lens, while the infra-
red radiation damages the retina, primarily 
affecting the macula. Three-dimensional 
SD-OCT comprehends the topographical altera-
tion in photic maculopathy (Saxena et al.  2014 ). 
Photoreceptors are the main focus of damage. 
Advanced macular visualization on 3D SD-OCT 
shows disruption of EZ in the subfoveal area. 
Presence of cystoid changes at the photoreceptor 
layer along with hyperrefl ective material in the 
area of disruption is observed (Cellini et al. 
 2011 ). These changes may not present in the 
acute phase requiring SD-OCT imaging at fol-
low- up to appreciate the damage to the outer 

  Fig. 2.23    Three-dimensional image showing tractional 
elevation of inner layers of the retina leading to tenting in 
that region and schisis in the inner nuclear layer       

  Fig. 2.24    Spectral domain OCT image scan through the 
center of a toxoplasma lesion showing with discontinua-
tion of photoreceptor layer, inner segment ellipsoid zone, 
relative hyperrefl ectivity of choriocapillaris, and increased 
thickness of retinal pigment epithelium at periphery       
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retinal layers with time (Bonyadi  2013 ). Chronic 
changes observed in photic injury by welding 
arc, solar retinopathy, and distant lightning strike 
are similar (Bonyadi et al.  2011 ). Solar radiation 
is responsible for reduced phagocytosis of the 

OS. This results in increased accumulation of the 
OS in the outer retina and subretinal space. The 
hyperrefl ective material in the area of photodis-
ruption of EZ may result from increased 
accumulation of the cone OS. Ingestion of pho-

  Fig. 2.25    Three-dimensional imaging showing the excavated central toxoplasma scar with central thinning of the 
 retina and discontinuation of the photoreceptor layer       

a

c

b

  Fig. 2.26    Segmentation maps. ( a ) Internal limiting 
membrane-retinal pigment epithelium (ILM-RPE) thick-
ness map showing atrophic central toxoplasma scar. ( b ) 

Excavated scar evident on ILM contour map. ( c ) RPE 
atrophy with increased thickness at periphery       
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tosensitizing drugs such as hydrochlorothiazide, 
furosemide, allopurinol, benzodiazepines, and 
fl uphenazine increase the risk of photic macu-
lopathy (Power et al.  1991 ) (Figs.  2.29  and  2.30 ).

2.2.17        Choroidal Metastasis 

 Intraocular metastasis is considered the most 
common malignancy of the eye. The frequency 
of choroidal metastasis is estimated to be approx-

imately 2–7 % (Eliassi-Rad et al.  1996 ). 
Intraocular metastasis might well be the only 
sight of involvement of the disease with no sys-
temic primary lesion. The most common location 
for choroidal metastases is the posterior pole of 
the globe. Up to 40 % of lesions have been 
reported to be in the macular region. 

 The distribution of tumors within the choroid 
is speculated to be related to its vascular charac-
teristics (Ferry and Font  1974 ). Abundant supply 
of posterior ciliary arteries to the choroid allows 
a greater fl ow of tumor emboli to the posterior 
uvea as compared to fewer anterior ciliary ves-
sels supplying the anterior uvea. The common 
primary sites of cancer are the breast, lung, and 
gastrointestinal tract with rarer presentation with 
metastasis due to endometrial carcinoma. 
Symptoms range from being asymptomatic to 
painless visual loss by involvement of the macu-
lar area or an associated exudative retinal detach-
ment. Diagnosis of ocular metastases is based 
primarily on clinical fi ndings supplemented by 
imaging studies like fl uorescein angiography and 
ultrasonography (Arevalo et al.  2005 ; Perez- 
Alvarez et al.  2009 ). SD-OCT clearly outlines the 
changes in the retinal architecture due to the 
underlying choroidal mass (Fig.  2.29 ). 3D 
SD-OCT features of the retina following choroi-
dal metastasis due to breast, lung, and uterine 
endometrial carcinoma have been reported 
(Saxena et al.  2012b ,  c ).

   Metastatic lesion shows retinal elevation with 
intraretinal splitting or associated neurosensory 

  Fig. 2.27    Spectral domain optical coherence tomogra-
phy of choroidal tuberculoma showing subfoveal neuro-
sensory detachment and proliferating retinal pigment 
epithelial cells ( small white arrow ) with parafoveal serous 
retinal detachment ( large white arrows )       

  Fig. 2.28    Three-dimensional OCT of tuberculoma with 
exudative retinal detachment       

  Fig. 2.29    Cross-sectional spectral domain optical 
coherence tomography showing disruption of the inner 
segment ellipsoid zone with presence of hyperrefl ective 
material in the area of defect  in an eye with Welder’s arc 
maculopathy       
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retinal detachment with subretinal fl uid overlying 
a thickened hyperrefl ective RPE-choriocapillaris 
complex. Large cystoid spaces localized between 
the inner and outer retina, in the outer plexiform 
layer, and occasionally in the inner plexiform 
layer are observed. These cystoid spaces are not 
of uniform thickness, and multiple bridging 
strands traverse them. RPE segmentation map 
with false color-coding layer reveals hyperplas-
tic, irregular, and disfi gured RPE. The photore-
ceptor layer is anteriorly displaced by subretinal 
fl uid. This outer photoreceptor layer shows the 
presence of granularity with low refl ective parti-
cles representing phagocytosed outer photore-
ceptor cells. Neurosensory detachment results 
from effusion of fl uid from the underlying cho-
roidal lesion. However, at places where the cho-
roidal lesion tightly abuts the retina, a shearing 
force of effusing fl uid does not create a cleavage 
plane between the RPE and neurosensory retina; 
instead splitting of retinal layers occurs due to 
retinal degeneration. 

 SD-OCT elegantly differentiates metastatic 
lesions from primary choroidal pathology like 
melanoma, osteoma, disciform scar, and subreti-
nal hemorrhage. Changes at the level of the 

 photoreceptor help in prognosticating the dis-
ease. Imaging defi nes the number, size, depth, 
and location of the lesion relative to the fovea and 
helps in identifying the treatment modality. 
SD-OCT helps follow up the patient both prior to 
and post treatment (Figs.  2.31  and  2.32 ).

  Fig. 2.30    Advanced three-dimensional analyses show-
ing defect in the inner segment ellipsoid zone with signifi -
cant hyperrefl ective material in the area of disruption in an 
eye with Welder’s arc maculopathy       

  Fig. 2.31    Three-dimensional imaging of choroidal 
metastasis from endometrial carcinoma showing neuro-
sensory detachment       

  Fig. 2.32    Spectral domain optical coherence tomogra-
phy of the retina over the tumor mass shows neurosensory 
detachment with splitting of the retinal layers at some 
places. Large cystoid spaces are noticed that are localized 
in the outer plexiform layer with multiple bridging strands 
crossing in the cystoid spaces. Occasional tiny pockets of 
cystoid changes are seen in the inner retina. In areas of 
neurosensory detachment, the outer photoreceptor layer 
shows the presence of granularity ( arrow )       
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3.1         Introduction 

 En face optical coherence tomography (OCT) (face-
to-face, from French – opposite) is OCT in the stan-
dard fundus image perspective of the retina. It 
incorporates all of the cross-sectional information 
of conventional sagittal (B-scan) OCT but provides 
a full fi eld view. En face is the viewpoint captured 
by ophthalmoscopes, fundus cameras, fl uorescein 
and ICG angiograms, and microperimetry (Fig.  3.1 )

   Optical coherence tomography (OCT) was a 
major leap forward providing clinicians access to 
the cross-sectional details of the retina. Early 
OCT images, however, had limited resolution of 
the retinal layers and provided limited lesion 
localization. The evolution of OCT from time- 
domain (TD)-OCT to spectral-domain (SD)-OCT 
has led to better sensitivity and faster acquisition 
speeds of cross-sectional (B-scan) images. The 
improved resolution of OCT images has allowed 
better localization of retinal details, enabling 
more accurate diagnosis of pathology. OCT has 
revolutionized the diagnosis and treatment of reti-
nal diseases offering a noninvasive virtual “opti-
cal biopsy” of the retina in real time (Fig.  3.2 ).

   As OCT technology advanced, it became 
increasingly evident that localization of the cross- 
sectional information was almost as important as 
the features detected by the technique. In 1997, 
Podoleanu et al. introduced the concept of en face 
OCT paired with corresponding scanning laser 
ophthalmoscopic (SLO) imaging (Podoleanu 
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a b

  Fig. 3.1    ( a ) Direct fundus examination. ( b ) Standard fundus (en face) view right eye       
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  Fig. 3.2    The evolution of optical coherence tomography. 
( a ) Time-domain OCT image (1997). ( b ) Time-domain 
OCT (2001). ( c ) Spectral-domain optical coherence 
tomography image from the macula of a normal eye. The 
following retinal layers are labeled: nerve fi ber layer, 

ganglion cell layer, inner plexiform layer, inner nuclear 
layer, outer plexiform layer, outer nuclear layer, external 
limiting membrane, ellipsoid zone (previously referred to 
as the IS-OS junction), interdigitation zone, and retinal 
pigment epithelium       
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et al.  1997 ). Signals from transverse scans of the 
retina were split between a confocal optical path 
to produce an SLO image and a Michelson inter-
ferometer which generated a series of en face 
OCT images at progressive depths. 

 En face imaging using TD-OCT employed lat-
eral scanners with z-axis stages to control depth 
generating scans in both the transverse and axial 
directions. The transverse linear scans (T-scans) 
combined to create C-scan (coronal planar) 
images. B-scan (sagittal planar) cross-sectional 
planar images could also be constructed from this 
optical confi guration. C-scan images when 

generated from axial scans as in the cases of 
SD-OCT or swept-source (SS)-OCT are con-
structed by post-processing 3D OCT volumes 
(Podoleanu  2013 ) (Fig.  3.3 ).

   The A-scan data is processed through several 
steps which include zero padding, fast Fourier 
transformation (FFT), data resampling, spectral 
shaping, and apodization to render en face images 
from the 3D volume of A-scans (Bradu and 
Podoleanu  2014 ). The time it takes to obtain the 
transverse scans plus the time required to analyze 
the scans determines how long it takes to produce 
an en face image (Zhang and Kang  2010 ). 

  Fig. 3.3    Simultaneous 
time-domain scanning 
laser ophthalmoscopy 
( SLO )/en face ( C-scan ) 
OCT and  B-scan  OCT of a 
patient with central serous 
retinopathy. The split 
image view is used to show 
the relationship between 
the surface appearance and 
internal structure seen with 
the en face OCT       
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Advancements in SD-OCT and swept-source 
(SS)-OCT technology combined with the use of 
graphic processing unit cards has helped mini-
mize the time needed to image and process the 
data allowing for improved en face imaging qual-
ity and even approaching real-time en face imag-
ing capabilities.  

3.2     Unique Features of En Face 
Optical Coherence 
Tomography 

 There are several features of en face OCT imag-
ing which provide unique clinical advantages. 
 Familiarity of perspective  is fi rst on the list since 
en face OCT reveals the retinal surface and sub-
surface structural details in the orientation of the 
standard ophthalmoscope. With this perspective, 
the orientation of features is familiar and intuitive 

for the examiner to appreciate. The shapes and 
dimensions of pathological lesions revealed 
below the retinal surface are more easily inter-
preted than when transposed into a series of cross 
sections as provided by standard B-scan OCT 
imaging. 

 En face OCT enables precise registration 
with other imaging modalities, giving the clini-
cian the ability to investigate features with a 
variety of structural and functional fi lters. The 
en face perspective, combined with vertical and 
horizontal B-scan OCT images, allow the clini-
cian to survey a retinal or choroidal lesion using 
a convergence of orthogonal views. The ability 
to simultaneously study surface details pro-
vided by scanning laser ophthalmoscopy (SLO) 
along with en face OCT internal details is often 
helpful in educating the clinician as to the sur-
face appearance of deeper retinal lesions 
(Fig.  3.4 ).

  Fig. 3.4    En face OCT combines imaging of orthogonal 
planes. En face OCT ( upper left ) compared to vertical and 
horizontal B-scan OCT slices in a case of cystoid macular 

edema. The en face image reveals the full extent of the 
outer retinal disturbance       

 

J. Lee and R.B. Rosen



43

   En face OCT reveals each layer of the retina 
as a separate surface. The contour of the slice 
will vary depending on which layer of the retina 
is used as the reference curvature. Choosing the 
internal limiting membrane vs the retinal pig-
ment epithelium when segmenting the macula 
will have very different appearances (Figs.  3.5  
and  3.6 )

    The en face perspective can often reveal 
small lesions that could be easily be missed if 
only single B-scan OCT slices are used. Since 
patients will typically fi xate using the best part 
of their retina, small disturbances are preferen-
tially avoided resulting in B-scan OCTs which 
can appear normal even in abnormal eyes. The 
expanse of the C-scan view can often pick up 
these features which can then be reexamined in 
a B-scan OCT cross-sectional images (Fig.  3.7 ).

   With en face OCT, the extent and expanse of a 
lesion can be better appreciated. The en face 
 perspective can show the lateral as well as the 
vertical extent of lesions (Figs.  3.8  and  3.9 ).

3.3         Vitreomacular Interface 

 Structural and dimensional details of vitreomac-
ular interface disorders such as epiretinal mem-
branes (ERM) and macular holes can be better 
delineated with en face OCT. Using en face 
OCT, certain patterns of idiopathic epiretinal 
membranes have been identifi ed. Plaques were 
found to be the most common feature in patients 
with ERM. The plaques seen on en face OCT 
correspond generally to localized areas of tight 
adherence between the retina and the membrane 
on standard OCT sections. Retinal starfolds 
were not as common as plaques in patients with 
ERM and may possibly precede the develop-
ment of these plaques. Diffuse retinal folds were 
least commonly seen on en face imaging in 
patients with an ERM. The identifi cation of cer-
tain patterns of ERM seen on en face OCT com-
plements the standard OCT images and can aid 
surgical planning of membrane peeling (Rispoli 
et al.  2012 ) (Fig.  3.10 ).

  Fig. 3.5    SD-OCT (Avanti) en face of the segmented layers of the macula at progressively deeper layers       
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  Fig. 3.6    High-resolution SD-OCT en face dissection of 
the central macula showing different retinal layers. The 
unique curvature of the fovea is not easily compensated 

for by the fl attening processing resulting in multiple con-
centric zones of sequential layers       

  Fig. 3.7    En face OCT identifi cation of a small occult parafoveal intraretinal lesion that was overlooked on standard 
B-scan OCT       
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  Fig. 3.9    En face images of central serous chorioretinopa-
thy the demonstrating lateral extent of lesion and concentric 
rings produced by the cut through multiple retinal layers. 
The horizontal B-scan OCT is seen on top ( upper right ) 
directly above the SLO ( middle left ) of the macular surface. 
A corresponding fl uorescein angiogram ( middle second row 

image ) shows a focal leak at the level of the RPE corre-
sponding to an inferior temporal dip in the serous elevation. 
The lower level of images shows progressively deeper slices 
moving to the right through the serous elevation. At the RPE 
level ( lower right ), the isolated RPE disturbance is isolated 
and surrounded by the shadow of the overlying serous bleb       

  Fig. 3.8    En face OCT and B-scan OCT of pigment epithelial detachment. Note the hypo-refl ective center representing 
the low density serous fl uid surrounded by a bright hyper-refl ective overlying RPE signal       
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  Fig. 3.10    Epiretinal membrane. En face OCT shows the 
disturbance to the anatomy which is most evident in the 
upper and lower left images, leaving the choroid 

untouched. The details of the plaque-like pattern of the 
ERM can be better appreciated with en face OCT       
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3.4        Macular Hole 

 En face imaging of macular holes can similarly 
aid in preoperative planning and postoperative 
follow-up. The completeness of the removal of 
the internal limiting membrane in macular hole 
surgery can be elucidated with en face imaging 
(Alkabes et al.  2011 ) (Fig.  3.11 ).

3.5        Branch Retinal Vein Occlusion 

 En face images performed at the level of the 
internal limiting membrane and inner plexiform 
layer can reveal areas of high and low refl ectivity 
which represent intraretinal hemorrhage and exu-
dates that are main features of retinal vein occlu-
sions (Fig.  3.12 ).

  Fig. 3.11    Macular hole. 
The en face OCT shows a 
symmetric petaloid, cystoid 
edematous pattern with 
lines of centrifugal tension 
surrounding the macular 
hole       
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3.6        Age-Related Macular 
Degeneration 

 En face OCT imaging of pathologic features of 
age-related macular degeneration (AMD) such as 
drusen, geographic atrophy, and choroidal neovas-
cularization can be combined with standard B-scan 
OCT to better monitor disease progression. 
Geographic atrophy is characterized by the loss of 
photoreceptors cells, retinal pigment epithelium 

(RPE), and the choriocapillaris layer. En face OCT 
enables the affected multiple layers to be closely 
examined. The OCT signals have greater signal 
penetration through the areas of atrophic RPE and 
choriocapillaris and allow for better visualization 
of the choriocapillaris. The areas of geographic 
atrophy often enlarge and coalesce over time in a 
slowly progressive nature. En face OCT can be 
used to identify the margins of geographic atrophy 
and quantify the amount of disease progression 

  Fig. 3.12    Branch retinal vein occlusion. En face OCT shows more extensive involvement in middle and deep retinal 
layers than is evident from B-scan OCT image which shows the levels of segmentation       
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  Fig. 3.13    En face OCT of geographic atrophy in 4/2012 compared to 5/2012. Area of sub-RPE illumination in 5 mm 
circle measured to have no change       

and even predict the progression of geographic 
atrophy (Nunes et al.  2013 ) (Fig.  3.13 ).

   Recently, Flores-Moreno et al. described using 
en face swept-source OCT with fl uorescein angi-
ography (FA) and/or ICG angiography (FA) for 
neovascular AMD. En face images at RPE level 
revealed changes in all 38 eyes that were studied. 
There were no differences in the horizontal and 
vertical diameters of the neovascular complex 
area, measured with en face OCT and the FA. En 
face OCT is a rapid, noninvasive imaging modal-
ity that can complement  fl uorescein angiography 
in evaluating and treating neovascular AMD 
(Flores-Moreno et al.  2015 ).  

3.7     Retinitis Pigmentosa 

 Photoreceptor dystrophies such as retinitis pig-
mentosa can be visualized in a different perspec-
tive with en face OCT combining the frontal view 
of disease with the B-scan cross-sectional views. 
In retinitis pigmentosa, the cross-sectional OCT 
often shows normal retinal contour in the macula 
with increasing atrophic changes in the periphery. 

En face imaging of retinitis pigmentosa corre-
sponds with these changes seen on cross-sectional 
OCT demonstrating a central island of hyper-
refl ective surrounded by a ring of hyporefl ectivity 
representing areas of atrophy (Fig.  3.14 ).

3.8        Multiple Evanescent White 
Dot Syndrome 

 Multiple evanescent white dot syndrome 
(MEWDS) is characterized by numerous small 
discrete, white lesions deep in the outer retina or 
at the retinal pigment epithelium level. These 
infl ammatory white lesions may appear subtle on 
standard fundus photos but can be readily identi-
fi ed with en face OCT. The en face OCT scans 
can pass through the level between the inner and 
outer segment of the photoreceptors with the reti-
nal pigment epithelium serving as the reference 
surface retinal contour. As the en face OCT 
passes through the junctions of the inner and 
outer photoreceptors and the interdigitation zone, 
multiple irregular lesions are identifi ed (de Bats 
et al.  2014 ) (Fig.  3.15 ).
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3.9        Diabetic Maculopathy 

 Diabetic maculopathy presents with a variety of 
lesion from microaneurysms, brawny edema, and 
cystoid edema before deteriorating into atrophy. 
En face OCT can help delineate the lateral extent 
and foveal involvement better than individual 
B-scan slices (Fig.  3.16 ).

3.10        Choroidal Disease 

 In vivo imaging of the choroid has been limited 
to the use of ICG angiography and enhanced 
depth imaging with SD-OCT. With the use of en 
face OCT imaging, detailed in vivo reconstruc-
tions of the choroidal vasculature can be studied 
as well as choroidal pathologies such as central 

serous chorioretinopathy (CSCR) and choroidal 
rupture. 

 In CSCR, en face OCT is able to localize the 
focal leak point seen in both FA and ICGA, the 
size and location of serous detachments, pigment 
epithelium detachments, and the presence of 
thickened fi brinous fl uid (van Velthoven et al. 
 2005 ) (Figs.  3.17  and  3.18 ).

3.11         En Face Imaging Optical 
Coherence Tomography 
Enables Multimodal Imaging 

 Along with simultaneous confocal SLO imag-
ing, en face OCT technology has been devel-
oped to offer the possibility of combining 
OCT/SLO with fluorescein imaging. By com-

  Fig. 3.14    En face and B-scan images of retinitis pigmen-
tosa. B-scan OCT shows extreme thinning peripherally 
where photoreceptor layer is gone with hyper-refl ective 
layer in subfoveal region corresponding to surviving pho-
toreceptors with disrupted ellipsoid layers in the perifo-

veal area. En face OCT: hyper-refl ective island of 
surviving outer retina centrally surrounded by hypo- 
refl ective ring and snowfl ake-like peripheral hyper- 
refl ectance of RPE       
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  Fig. 3.15    Multiple evanescent white dot syndrome: 
Early FA ( upper image ) showing diffuse placoid hyper-
fl uorescence. Late ICG ( second level ) showing focal 
hypofl uorescent spots. En face OCT sequence ( above ): 

shows underlying multiple granular lesions best seen at 
the level of the junction between the inner and outer seg-
ments of photoreceptors. En face OCT of white dot lesions 
overlaid on fundus photo ( bottom )         
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  Fig. 3.16    En face OCT of 
non-proliferative diabetic 
retinopathy showing cystoid 
edema and exudates in the 
deeper layers which are barely 
evident on the color image. 
Center involving edema appears 
more extensive than suggested 
by accompanying B-scan OCT 
slices       

Fig. 3.15 (continued)
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  Fig. 3.17    Choroidal disruption in central serous chorio-
retinopathy. En face section parallel to the RPE shows a 
highly refl ective area corresponding to the area of choroi-

dal thickening, serous detachment, small pigment epithe-
lium detachment, and irregularities of the outer 
photoreceptor segment seen on the longitudinal scan       

  Fig. 3.18    Occult 
choroidal rupture with 
subretinal hemorrhage 
following head trauma. 
The en face OCT reveals 
the break and shows its 
relation to the overlying 
blood       
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bining en face OCT with ICG angiography, 
additional retinal and choroidal vessel details 
can be elucidated. Indocyanine green (ICG) 
angiography and OCT share similar spectral 
bands that facilitate the combination of these 
two imaging modalities. The most widely used 
band for retinal OCT of the retina is 820–
920 nm, while ICG is usually excited at 
806 nm and fluoresces in the band 810–860 nm 
with a peak at 830 nm. Figure  3.19  demon-
strates the utility of the system in the evalua-
tion of a retina of a patient with polypoidal 
choroidal vasculopathy, an unusual variant of 
neovascular macular degeneration (Rosen 
et al.  2009 ).

3.12        En Face Optical Coherence 
Tomography Correlated 
with Microperimetry 

 Retinal lesions identifi ed on en face OCT can be 
functionally correlated with symptomatic scoto-
mas and objectively characterized with overlay 
of microperimetry (Fig.  3.20 ).

   En face OCT provides high-resolution cross- 
sectional OCT information in a clinically famil-
iar perspective. Using en face OCT, individual 
retinal layers can be peeled layer by layer to 
examine the extent of pathology in specifi c 
regions. En face OCT serves as adjunctive imag-
ing modality that can be combined with 

  Fig. 3.19    ICG/OCT/SLO set of a patient with polypoidal 
choroidal vasculopathy. The SLO image ( upper left ) 
shows hemorrhages and pigmentary disturbances. The 
simultaneous en face OCT ( upper right ) shows the outline 
of the multi-lobular polypoidal serous detachments which 

distort the surface of the macula. Mid arterial-venous ICG 
phase ( lower left ) demonstrates a leash of deep abnormal 
vessels with hyperfl uorescent bulbous endings. The com-
bined OCT/ICG image ( lower right ) shows the overlying 
serous elevation surrounding the vessels and hot spots       
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traditional fundus imaging, fl uorescein angiogra-
phy, and functional testing such as 
microperimetry. 

 OCT angiography with split-spectrum amplitude- 
decorrelation angiography (SSADA) algorithm 
allows OCT to provide noninvasive, three-dimen-
sional mapping of the retina and choroidal microvas-
culature (Yali et al.  2012 ). OCT angiography has 
already been applied to identify vascular changes 
seen in diabetic retinopathy. Ishibazawa et al. used 
OCT angiography to image microaneurysms, 
venous beading, neovascularization, and nonper-
fused areas (Ishibazawa et al.  2015 ) (Fig.  3.21 ).

   Using OCT angiography, the areas of nonperfu-
sion and neovascularization were quantifi ed. There 
are advantages of using OCT angiography over tra-
ditional imaging modalities for diabetic retinopa-
thy, including the ability of OCT angiography 
using the SSADA analysis to separately image and 
measure the deep and superfi cial retinal and cho-
roidal capillary layers. Novel ways of using OCT 
angiography have been recently introduced includ-
ing using OCTA-coded perfusion density mapping 
to discriminate and quantitate progressive retinal 
perfusion changes in diabetic retinopathy (Agemy 
et al.  2015 ) (Fig.  3.22 ).

  Fig. 3.20    Occult mid retinal infarct revealed by en face 
OCT but diffi cult to see with B-scan OCT imaging. 
Corresponding microperimetry testing with combined 

OCT/SLO microperimetry was able to detect and localize 
this lesion weeks after its onset       
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OCT Angiography processing can show capillary beds at distinct depths

Radial peripapillary caps

En Face OCTA overlay Histology OCT with capillary segmentation

Superficial caps Deep caps Outer retinal

Avascular
layer

Choriocapillaris

  Fig. 3.21    OCT angiography (SSADA) showing radial peripapillary, superfi cial, deep, and choroidal capillary beds. 
Motion contrast processing of en face OCT is necessary to isolate blood fl ow and produce noninvasive angiograms       

  Fig. 3.22    Quantitative OCT angiography of branch 
artery occlusion. OCT angiogram ( upper left ) with en face 
OCT ( upper middle ). B-scan OCT with red fl ow lines 

( lower left ) and color perfusion density map ( lower right ) 
showing extensive loss of blood fl ow ( blue ) in occluded 
capillary beds       
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  SD-OCT    Spectral domain optical coherence 
tomography   

  SS-OCT    Swept-source optical coherence 
tomography   

4.1         Introduction 

 In the two decades since optical coherence 
tomography (OCT) was first described (Huang 
et al.  1991 ), this technology has played essen-
tial roles in ophthalmology as well as other 
branches of medicine. The technology has 
been adapted to produce noninvasive, high-
resolution images of both the anterior segment 
(cornea and structures at the angles) and pos-
terior pole (retina, choroid, sclera, and optic 
disc). 

 Just as initial time domain OCT (TD-OCT) 
devices made way for spectral domain OCT 
(SD-OCT), advances in technology have now 
produced swept-source OCT (SS-OCT) devices 
which have even faster scanning speeds and less 
sensitivity roll-off. These features are crucial in 
allowing wider regions of the eye to be scanned 
and in visualizing more precise details of deeper 
structures such as the choroid and sclera 
(Fig.  4.1 ) (Adhi and Duker  2013 ; Mrejen and 
Spaide  2013 ). This chapter will explore the 
basics of SS-OCT and illustrate its utility in 
various conditions affecting both the anterior 
and posterior pole.

4.2        Basics of Swept-Source 
Optical Coherence 
Tomography 

 In all its current iterations, OCT works by low- 
coherence interferometry, which involves an 
optical source directing a low-coherence light 
beam at a surface and detecting the refl ected opti-
cal data. This data is then read by the interferom-
eter as an interference pattern, and a depth profi le 
is created (A-scan). By scanning along the sam-
ple in a linear fashion, a cross-sectional image 
(B-scan) is obtained. Combining multiple 
B-scans enable a three-dimensional (3D) or vol-
ume scan the tissue. Currently, OCT allows the 
imaging of tissue microstructure at micron-scale 
resolution, while the penetration depth of the 
scan is on the order of millimeters. 

 The fi rst generation of OCT machines, known 
as “time domain” OCT, worked by using low- 
coherence light from a superluminescent diode 
and by mechanically translating the reference 
mirror axially to build up a depth scan. Three- 
dimensional volumes were then created by scan-
ning the sample at various locations using 
scanning mirrors. However, TD-OCT was lim-
ited by the speed at which the reference mirror 
could be moved (a mechanical limitation), and 
A-scan rates were limited to 400 A-scans per 
second. 

 In SD-OCT, no moving reference mirrors 
were used. Instead, light from a fast sweeping 
laser was used together with a fi xed reference 
mirror to generate a broadband interference pat-
tern that was detected with spectrally separated 
detectors. A superluminescent diode or femto-
second laser is used as the broadband source, but 
a spectrometer was used instead of a 
photodetector. 

 In the latest generation of OCT, SS-OCT, the 
broadband source is a rapidly sweeping laser 
with a broad tuning bandwidth, typically cen-
tered on 1050 nm (Mansouri et al.  2013 ). Both 
SD-OCT and SS-OCT are based on spectral 
interferometry that uses Fourier transformation 
of the interference pattern to convert the signal to 
a depth profi le. The advantages of this technol-

  Fig. 4.1    SS-OCT image of a normal eye. In this 12 mm 
section, the structures within the retina and choroid are 
clearly visualized. Due to the reduced sensitivity roll-off, 
the vitreous is also clearly seen       
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ogy are that it is more sensitive (theoretically 
20–30 dB better than TD-OCT) and is able to 
scan 100–1000 times faster than TD-OCT. 

4.2.1     Capabilities and Advantages 
of Swept-Source Optical 
Coherence Tomography 

 Advances in technology have provided SS-OCT 
devices with several advantages compared to ear-
lier SD-OCT:

    1.     Faster scanning time . By using a variety of laser 
tuning mechanisms, including rotating polygon 
mirrors, galvo-driven grating fi lters, and Fourier 
domain mode locking (FDML), higher scan 
speeds of 100,000 A-scans per second can be 
achieved. This reduces motion artifacts due to 
eye movements and loss of fi xation (Drexler 
et al.  2014 ; Forte et al.  2009 ; Potsaid et al.  2010 ).   

   2.     Lower sensitivity roll-off  (Drexler et al.  2014 ; 
Potsaid et al.  2010 ).   

   3.     Deeper penetration  into the retina and choroid 
(Fig.  4.2 ) (Drexler et al.  2014 ; Potsaid et al.  2010 ).

       4.    The longer wavelength of the laser allows 
deeper penetration as there is less signal loss 
from melanin in the retinal pigment epithe-
lium (RPE). This results in better signal-to- 
noise ratio.   

   5.     Longer imaging range  (both horizontally and 
vertically) as a result of the faster scanning 
time and lower sensitivity roll-off (Fig.  4.1 ).   

   6.     Higher detection effi ciencies , because there is 
no loss of signal from spectrometer grating 
(Drexler et al.  2014 ; Potsaid et al.  2010 ).      

4.2.2     Current Commercially 
Available Swept-Source 
Optical Coherence 
Tomography Devices 

 The  DRI OCT - 1 Atlantis  (Topcon Corporation, 
Tokyo, Japan) is a SS-OCT device used for imag-
ing of the posterior segment of the eye. The device 
uses a 1050 nm wavelength and is capable of scan-
ning 100,000 A-scans per second. The faster scan-
ning speed allows region areas of up to 12 × 9 mm 
to be imaged with a volume scan. The viewing 
software is capable of automated segmentation of 
various layers of the retina and choroid (Fig.  4.3 ).

   The  SS-1000 CASIA Anterior Segment OCT  
(Tomey Corporation, Nagoya, Japan) is a non-
contact imaging system which uses a scanning 
light source centered on a wavelength of 1310 nm 
(Kawana et al.  2007 ). The device is capable of 
30,000 A-scans per second, with resolution of up 
to 10 μm axially and 30 transversely (Liu et al. 
 2011 ). The SS-1000 CASIA produces cross- 
sectional images of the cornea and anterior seg-
ment and its structures within the angles. 

 With a wide scan length of 16 mm, the entire 
cross section of the anterior chamber can be 
imaged in a single B-scan. The device is able to 
produce volume scans consisting of 128 horizon-
tal B-scans, each consisting of 512 A-scans. In 
addition, the SS-1000 CASIA allows 360-degree 
imaging of the scleral spur, trabecular meshwork, 
angle recess, and iris root (Kawana et al.  2007 ). 

  Fig. 4.2    Diabetic retinopathy. SS-OCT showing retinal 
thickening and intraretinal cysts. The hyperrefl ective area 
temporal to the fovea corresponds to hard exudates       

a

b

  Fig. 4.3    Automated segmentation lines (in  green ) for the 
retina ( a ) and choroid ( b ) drawn by the imaging viewing 
software, allowing measurement of retinal and choroidal 
thickness, respectively       
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 The  IOLMaster 700  (Carl Zeiss Meditec, 
Dublin, CA, USA) is a SS-OCT-based optical 
biometer.   

4.3     Applications of Swept- 
Source Optical Coherence 
Tomography to Various 
Ocular Conditions 

4.3.1     Age-Related Macular 
Degeneration 

 Age-related macular degeneration (AMD) is the 
commonest causes of visual loss in developed 
countries and the third commonest worldwide. Its 
prevalence is expected to increase as a result of the 
aging population trends observed in many parts of 
the world. OCT plays a crucial role in the diagno-
sis and monitoring of patients with AMD (Fig.  4.4 ). 
Quantitative assessments of retinal thickness or 
qualitative features such as the presence of retinal 
thickening and cysts and subretinal fl uid and the 
presence of choroidal neovascularization (CNV) 
are criteria for initiation of treatment and are com-
monly used in both clinical practice and multi-
center randomized controlled trials.

   Since the pathology in AMD occurs in the 
deeper layers of the retina, with the CNV occurring 
either in the subretinal or sub-RPE space, SS-OCT 
will contribute greatly to our ability to visualize the 
pathology in these areas (Fig.  4.5 ). SS-OCT can be 
used to assess qualitative features and quantitative 
features such as choroidal thickness (Tan et al. 
 2015a ,  c  and, with the use of OCT angiography, 
visualize the actual CNV lesion.

   It has been demonstrated that SS-OCT may be 
superior to SD-OCT in visualization of the deeper 
structures, including the sub-RPE space, Bruch’s 
membrane, and the choroid (Figs.  4.6  and  4.7 ) 
(Tan et al.  2015a ,  c ; Yasuno et al.  2009 ).

    In a study by (Yasuno et al.  2009 ) comparing 
a prototype SS-OCT device with the Topcon 3D 
OCT-1000, 9 of 13 (69.2 %) eyes showed marked 
improvement in the qualitative image contrast of 
pathologic lesions beneath the RPE in SS-OCT 
images compared to SD-OCT images. SS-OCT 
enables better visualization of hyperrefl ective 
masses beneath the RPE, visualization of fi brin 
and structures beneath the CNV lesion, and visu-
alization of Bruch’s membrane as a separate line 
beneath a PED. In contrast, these structures were 
not as well seen on SD-OCT scans. 

 Another role of OCT in the evaluation of 
patients with AMD is the assessment of choroi-
dal thickness. Various studies have reported that 
the choroid is thinner among patients with AMD 
compared to normal controls. Since differences 
in choroidal thicknesses may be affected by the 

  Fig. 4.4    Drusen. SS-OCT scan of an eye with drusen of 
various sizes. Bruch’s membrane is clearly visualized 
beneath the drusen       

  Fig. 4.5    Neovascular age-related macular degeneration. 
SS-OCT showing subretinal CNV and fl uid. The choroid 
is relatively thin throughout this OCT B-scan       

  Fig. 4.6    Subretinal scar. SS-OCT showing subretinal 
scar resulting from neovascular AMD. The retinal pig-
ment epithelium detachments are clearly seen beneath the 
scar, and Bruch’s membrane forms a distinct line beneath 
the PED       
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visualization of the choroid–scleral boundary, the 
image contrast of the OCT scan is of paramount 
importance. Several studies have found that 
the visualization of the choroid–scleral boundary 
is clearer when SS-OCT is used compared 
to SD-OCT (Tan et al.  2015c ; Yasuno et al.  2009 ). 

 While many studies still use point thickness 
measurements subfoveally or at various points 
along a horizontal and/or vertical B-scan (Tan 
et al.  2012b ,  2015c ), these are limited by the fact 
that the choroid is a three-dimensional structure 
with considerable topographic variation (Tan 
and Cheong  2014 ; Tan et al.  2014a ; Ouyang 
et al.  2011 ), and it has been suggested that eval-
uating the mean choroidal thickness in each sec-
tor of the ETDRS grid may give a more accurate 
representation of the variations in choroidal 
thickness in different diseases. The faster scan-
ning speed and wider scan area of SS-OCT are 
an advantage in such studies. A study by Ueda-
Arakawa et al. (2014) comparing choroidal 

thicknesses between patients with reticular dru-
sen only or with neovascular AMD or geo-
graphic atrophy and normal controls found that 
the mean choroidal thickness and volume of 
each sector were signifi cantly reduced in eyes 
with reticular drusen compared to normal 
controls. 

 The faster scanning speed of SS-OCT also 
makes this a useful modality for OCT angiog-
raphy. While this is discussed in greater detail 
in another chapter, several authors have 
reported that OCT angiography allows nonin-
vasive visualization of CNV lesions among 
AMD patients that correspond well to the size 
and location of the CNV seen on fl uorescein 
angiography (FA) (Jia et al.  2014 ; Moult et al. 
 2014 ). In some cases, a feeder vessel can be 
identifi ed. Other features such as reduced cho-
roidal blood fl ow beneath and adjacent to 
regions of CNV have been reported (Jia et al. 
 2014 ; Moult et al.  2014 ).  

a

b

c

d

  Fig. 4.7    Central serous chorioretinopathy. ( a ) Early FA 
with pinpoint hyperfl uorescence. ( b ) FA illustrating a 
smoke stack pattern of leakage. ( c ) SS-OCT scan, show-
ing subretinal fl uid. There is slightly irregularity of the 

RPE, corresponding to the location of the leakage on fl uo-
rescein angiography. The choroid is also thickened ( green 
arrow ) relative to the choroid of fellow eye ( d )       
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4.3.2     Polypoidal Choroidal 
Vasculopathy 

 Polypoidal choroidal vasculopathy (PCV) is a 
disease characterized by the presence of abnor-
mal vascular channels which supply the polyps. 
Currently, the gold standard for diagnosis of PCV 
is indocyanine green angiography (ICGA) (Lim 
et al.  2010 ; Tan et al.  2014c ,  2015b ). This modal-
ity, however, is costly and invasive, requiring an 
intravenous injection of the dye. The use of indo-
cyanine green carries the risk of allergic reac-
tions, especially among patients with known 
allergies to seafood and shellfi sh in particular. If 
OCT can be used to detect PCV, it would provide 
a fast, cheap, and noninvasive method of moni-
toring this condition. 

 SD-OCT devices use a light source with a 
wavelength of 840 nm, which is scattered at the 
level of the RPE. Since both the polyps and vas-
cular channels that supply them are believed to 
lie beneath the RPE, visualization of these lesions 
on SD-OCT is diffi cult. In contrast, the longer 
wavelength of the SS-OCT would allow better 
visualization of structures located beneath the 
RPE. If the PCV lesion can consistently be visu-
alized, SS-OCT can be used to detect the pres-
ence and level of activity and recurrence of PCV 
lesions. 

 Studies using SD-OCT and SS-OCT have 
reported the presence of hyperrefl ectivity beneath 
the RPE, which is presumed to correspond to the 
polyps (Fig.  4.8 ) (Yasuno et al.  2009 ).

   Besides the traditional cross-sectional OCT 
B-scans, we are also able to visualize OCT scans 
using en face imaging. These allow visualization 
of lesions throughout the scan area at different 
planes of the retina, RPE, and choroid. Several 
papers have used this method on patients with 
PCV (Alasil et al.  2015 ; Sayanagi et al.  2015 ). 

 Sayanagi et al. ( 2015 ) reported the fi ndings of 
en face SS-OCT on 19 eyes of 18 patients with 
PCV. Of 43 polypoidal lesions seen on ICGA in 
14 eyes, 41 were detected using en face OCT. The 
polyps appeared as an RPE ring with inner refl ec-
tivity on slices obtained from the RPE layer. 
Within the RPE rings, the inner refl ectivity mani-
fested with either a mosaic (72 %) or  homogenous 

(28 %) pattern. In most of the cases, the RPE 
rings were of the same size as the polypoidal 
lesions on ICGA, while in a minority, the rings 
were larger. In addition, en face OCT detected 15 
of 17 eyes with a vascular network on 
ICGA. Using en face OCT, the networks appeared 
as a hyperrefl ective mesh-like confi guration. 
Dilated choroidal vessels were seen beneath the 
RPE ring (the presumed polypoidal lesions) in 22 
of 47 (47 %) RPE rings on en face images. These 
coincided with the dilated choroidal vessels seen 
on ICGA (Sayanagi et al.  2015 ). 

 Another paper by Alasil et al. ( 2015 ) demon-
strated the relationship between the smaller PEDs 
that correlated with the polyps and the larger 
adjoining PEDs. Choroidal vascular abnormali-
ties were detected in all eyes with PCV and 
included focal dilation, diffuse vascular dilation, 
and a branching vascular network (Alasil et al. 
 2015 ).  

4.3.3     Deep Retinal and Choroidal 
Lesions 

 Due to the longer wavelength and greater pene-
tration of its light source, it is not surprising that 
SS-OCT has been reported to be superior to 
SD-OCT and enhanced depth imaging OCT 
(EDI-OCT) for lesions deep to the RPE (Francis 
et al.  2015 ; Hayashi et al.  2014 ; Takahashi et al. 
 2013 ). 

 In a comparison of SS-OCT and EDI-OCT 
from 30 eyes with choroidal nevi (Francis et al. 
 2015 ), SS-OCT was found to be superior at visu-
alizing intralesional vessels, intralesional granu-
larity, and abnormal choriocapillaris in melanotic 
lesions. In contrast, EDI-OCT was found to be 
equivalent at identifying secondary retinal 
changes, distended bordering vessels, and visual-
ization of the nevus–scleral interface with hypo-
refl ective gradation beneath the lesion. The 
authors also found that the morphology of mela-
notic nevi was better visualized using SS-OCT 
compared to EDI-OCT (100 % with SS-OCT 
compared to 53 % with EDI-OCT), whereas both 
OCT modalities were equivalent in amelanotic 
lesions. 
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 Hayashi et al. described the SS-OCT fi ndings 
in two eyes with choroidal osteoma. Calcifi ed 
regions appeared multilayered and spongelike, 
while a lamellar refl ective pattern was noted in 
the decalcifi ed regions. Hyperrefl ective mound- 
like areas with abnormal outer retinae were 
observed in both eyes. Of note, the chorioscleral 
border was visible in both cases. 

 Takahashi et al. described the OCT fi ndings in 
a 60-year-old man with presumed retinal pigment 
epithelium hamartoma. Whereas standard 
SD-OCT demonstrated an elevation of the retina 
with complete shadowing of optical transmis-
sion, SD-OCT using the EDI setting and SS-OCT 
were able to image deeper structures within the 
pigmented lesion. 

 In a study by Sato et al., 26 eyes of 15 patients 
with optic disc drusen were evaluated using EDI- 
OCT and SS-OCT (Sato et al.  2013 ). EDI-OCT 

and SS-OCT both showed multiple optic disc 
drusen at different levels; most were located 
immediately anterior to the lamina cribrosa. The 
drusen appeared as ovoid regions of lower refl ec-
tivity that were bordered by hyperrefl ective mate-
rial. In 12 eyes (46.2 %), there were internal 
hyperrefl ective foci. The mean diameter of the 
optic disc drusen was 686.8 μm (standard devia-
tion ± 395.2 μm), and there was a signifi cant neg-
ative correlation between the diameter of the 
optic disc drusen and the global retinal nerve 
fi ber layer thickness ( r  = −0.61,  p  = 0.001).  

4.3.4     Pathologic Myopia 

 SS-OCT has been reported to be useful for imag-
ing of patients with pathologic myopia (Fig.  4.9 ). 
In a comparative observational case series of fi ve 

a c

b d

  Fig. 4.8    Polypoidal choroidal vasculopathy. ( a ) Color 
fundus photograph illustrating extensive subretinal and 
sub-RPE hemorrhage with pigment epithelium detach-
ments. ( b ) ICGA demonstrating multiple polyps ( green 
arrow ) with a branching vascular network supplying the 

polyps. ( c ) SS-OCT scan through one of the polyps. A 
round area of hyperrefl ectivity is seen beneath the retinal 
pigment epithelium detachment. ( d ) Corresponding 
SD-OCT scan through the same polyp       
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patients with pathologic myopia (mean spherical 
equivalent, −16.00 ± 4.70 D) (Lim et al.  2014 ), it 
was found that SS-OCT better visualized retino- 
choroidal structures. The choroid (SS-OCT 8/8 
vs. SD-OCT 1/8), inner segment/outer segment 
line (SS-OCT 6/8 vs. SD-OCT 1/8), and external 
limiting membrane (ELM) (SS-OCT 7/8 vs. 
SD-OCT 2/8) were clearly seen in a higher pro-
portion of SS-OCT compared to SD-OCT scans 
( p  < 0.01 for all). In contrast, visualization of the 
sclera and retinal pigment epithelium (RPE) was 
similar using both OCT devices. The wider 
SS-OCT scan revealed additional pathology 
along the walls of the staphylomata, which were 
not visible using SD-OCT in 4/8 images. These 
included incomplete posterior vitreous detach-
ment in one eye and peripheral retinoschisis in 
3/8 eyes. Vitreoschisis was visible in 3/8 SS-OCT 
images but not in the SD-OCT images.

4.3.5        Dome-Shaped Macula 

 Using SS-OCT, Ellabban et al. described the 
tomographic features of dome-shaped macula 
(DSM) in 51 highly myopic eyes (35 patients). 
DSM was fi rst described by Gaucher and associ-
ates as an inward convexity of the macula that 
occurred within the concavity of a posterior 
staphyloma in highly myopic eyes. In all recon-
structed 3D images of the RPE, two outward con-
cavities were seen within the posterior 
staphyloma, and a horizontal ridge was formed 
between these two concavities. In 42 of these 
eyes, this horizontal ridge was band shaped. The 

vertical OCT section through the fovea showed a 
convex confi guration of RPE, but the horizontal 
section showed an RPE line that was almost fl at. 
In nine eyes, 3D images showed a typical dome- 
shaped convexity within the staphyloma. OCT 
scans showed no outward protrusions in the 
external scleral surface, but marked scleral thin-
ning was seen in the region of the two outward 
concavities of the RPE. The sclera of the fovea 
(518.6 ± 97.6 μm) was signifi cantly thicker than 
that in all four quadrants of the parafoveal area 
(range, 277.2–360.3 μm;  p  < 0.001). It has been 
suggested that dome-shaped macula is not related 
to the type of staphyloma, but rather is related to 
an anatomic or structural change within the sclera 
and can occur in eyes with any type of staphy-
loma (Ellabban et al.  2013a ).  

4.3.6     Focal Scleral Ectasia 

 Pedinielli et al. described focal scleral ectasia 
in areas of macular/perimacular patchy chorio-
retinal atrophy secondary to pathologic myo-
pia in 26 eyes of 13 patients on SS-OCT and 
78 eyes of 39 patients on EDI-OCT (Pedinielli 
et al.  2013 ). Focal scleral ectasia is characterized 
by an abrupt posterior bowing of the sclera with 
different degrees of scleral schisis on its borders. 
It is noteworthy that the outer retina, the RPE, 
and the choroid were absent in areas of macular/
perimacular patchy atrophy, as well as in focal 
scleral ectasia. The absence of these structures, 
together with the deep penetration OCT signal 
(both with EDI-OCT and SS-OCT), allowed 
visualization of retrobulbar vessels perforating 
the sclera at the borders or bottom of the focal 
scleral ectasia and running through the super-
fi cial scleral thickness for the whole extension 
of the atrophic area. These features were found 
in 12 out of 68 eyes (11 out of 39 consecutive 
patients, mean age 65.7 ± 11.9 years) with macu-
lar/perimacular patchy chorioretinal atrophy 
and were always observed inferior or temporal 
to the macula. The authors postulated that focal 
scleral ectasia in areas of macular/perimacu-
lar patchy atrophy may have developed from a 
scleral stretch- associated schisis, which is more 

  Fig. 4.9    High myopia. The choroid is signifi cantly 
thinned, and the sclera can be seen clearly along the entire 
section of the OCT B-scan. Orbital connective tissue is 
seen external to the sclera. At the edge of the scan, the 
image is refl ected due to the concavity of the myopic eye       
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pronounced inferiorly (possibly due to oculo-
motor,  gravitational, and staphyloma-associated 
stretching forces), in areas of openings of anterior 
emissary for the short posterior ciliary arteries in 
the sclera. They are different from the recently 
described macular intrachoroidal cavitation. In 
focal scleral ectasia, the choroid, the RPE, and the 
outer retina are absent; there are various degrees 
of thinning/schisis of the inner retina, and there 
is an exaggerated focal scleral protrusion with an 
aspect of schisis on its borders.  

4.3.7     Intrachoroidal Cavitations 

 Studies have described the use of SS-OCT to 
detect intrachoroidal cavitations in pathologic 
myopia (myopic spherical equivalent > −8 diop-
ters). Ohno-Matsui et al. described patchy atro-
phy identifi ed by funduscopy in macular 
intrachoroidal cavitation in 31 of 56 eyes 
(55.4 %) in the macular area and compared them 
to 68 consecutive patients with pathologic myo-
pia without patchy atrophy (Ohno-Matsui et al 
 2013 ). The SS-OCT images showed that the 
sclera was bowed posteriorly in and around the 
patchy atrophy compared to neighboring sclera, 
whereas none of the 68 patients without patchy 
atrophy showed this fi nding. Macular intracho-
roidal cavitation had OCT features similar to 
peripapillary intrachoroidal cavitation: the cho-
roid in the macular intrachoroidal cavitation area 
appeared thickened, and the retina was caved 
into the cavitation. A direct communication 
between the vitreous cavity and intrachoroidal 
cavitation has been observed in some eyes. 
Retinoschisis was observed signifi cantly more 
frequently in or around the patchy atrophy in 
eyes with macular intrachoroidal cavitation than 
in those without cavitation. The authors surmised 
that these fi ndings suggest that patchy atrophy 
affects the scleral contour within posterior staph-
yloma beyond the funduscopically identifi ed 
patchy atrophy by macular intrachoroidal cavita-
tion. Such deformation of sclera may facilitate 
the development of retinoschisis in and around 
the patchy atrophy. Ohno-Matsui et al. also 
described the incidence of peripapillary intra-

choroidal  cavitation located temporal to the optic 
disc (defi ned as intrachoroidal cavitation located 
temporal to the optic disc seen in horizontal OCT 
section through the optic disc center) in 125 
patients with pathologic myopia. In that series, 
17 eyes of 16 patients had temporal intrachoroi-
dal cavitation. All of the eyes had temporal or 
temporally wider annular conus. The intracho-
roidal cavitation was observed temporal to the 
optic disc in 15 of 17 eyes, and two of the remain-
ing eyes also had inferior intrachoroidal cavita-
tion. Even in the two eyes with both temporal 
and inferior intrachoroidal cavitation, the tempo-
ral intrachoroidal cavitation was much wider 
than the inferior intrachoroidal cavitation. The 
average width of the temporal intrachoroidal 
cavitation in the horizontal OCT scan across the 
center of the optic disc was 1467.8 ± 1328.1 μm 
with a range of 442–6200 μm. In two eyes, the 
temporal intrachoroidal cavitation extended 
beyond the central fovea, and in one of these, the 
subfoveal choroidal thickness in the vertical 
OCT scan through the fovea appeared thickened 
because of a separation at the suprachoroidal 
space. Inner retinal defects at the border of the 
conus and temporal intrachoroidal cavitation 
were detected in two eyes. Although the authors 
postulated that the characteristics of temporal 
intrachoroidal cavitation did not provide clues on 
why they tend to be large, one possibility could 
be that the area temporal to the optic disc between 
the conus and central fovea might be the area 
where the mechanical tension is the highest in 
eyes with pathologic myopia. On the other hand, 
in eyes with an inferior intrachoroidal cavitation, 
the inferior edge of the staphyloma was gener-
ally close to the inferior border of the optic disc, 
and the inferior intrachoroidal cavitation did not 
appear to spread beyond the inferior edge of the 
staphyloma. The reason why the intrachoroidal 
cavitation develops temporal to the optic disc is 
not clear. All of the eyes with temporal intracho-
roidal cavitation had a temporal or temporally 
wider annular conus. They suggested that the 
deformation of the posterior wall of the eye is 
more pronounced in the area of the conus because 
overlying layers are thinner than in the more 
 normal regions temporal to the conus.  
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4.3.8     Optic Nerve 
and Peripapillary Pits 

 Ohno-Matsui et al. described the incidence and 
characteristics of pitlike structures around the 
optic disc and myopic conus in eyes with high 
myopia that were barely visible ophthalmoscopi-
cally but can be demonstrated by using SS-OCT 
(Ohno-Matsui et al.  2013 ). The authors evaluated 
198 eyes of 119 patients with pathologic myopia 
and compared them to 32 eyes of 32 emmetropic 
subjects. Pitlike clefts were found at the outer bor-
der of the optic nerve or within the adjacent scleral 
crescent in 32 of 198 highly myopic eyes (16.2 %), 
but none were observed in the emmetropic eyes. 
The eyes with these pits were more myopic, had 
signifi cantly longer axial lengths, and had signifi -
cantly larger optic discs than the highly myopic 
eyes without pits. The pits were located in the 
optic disc area (optic disc pits) in 11 of 32 eyes and 
in the area of the conus outside the optic disc 
(conus pits) in 22 of 32 eyes. One eye had both 
optic disc pits and conus pits. The optic disc pits 
existed in the superior or inferior border of the 
optic disc. All but one eye with conus pits had a 
type IX staphyloma, and the location of the conus 
pits was present nasal to the scleral ridge or out-
side the ridge temporal to the nerve. The optic disc 
pits were associated with discontinuities of the 
lamina cribrosa, whereas the conus pits appeared 
to develop from a scleral stretch- associated schisis 
or to emissary openings for the short posterior cili-
ary arteries in the sclera. The nerve fi ber tissue 
overlying the pits was discontinuous at the site of 
the pits. The authors hypothesized that the optic 
disc is fi rst enlarged by a mechanical expansion of 
the papillary region in highly myopic eyes and 
becomes megalodisc- like. This mechanical expan-
sion of the optic disc area results in stretching and 
expanding of the lamina cribrosa. Because of the 
mechanical tension on the lamina and surrounding 
peripapillary sclera, coupled with the myopic thin-
ning of these structures, the lamina might dehisce 
from the peripapillary sclera, particularly at the 
superior and inferior poles, which are sites of 
decreased connective tissue support. This stage is 
observed by SS-OCT as a hyporefl ective gap at the 
 junction of the lamina cribrosa and the peripapil-

lary sclera. Further increases of the gap seemed to 
be associated with disruption of the overlying 
nerve fi bers or herniation of these fi bers into the 
defect. The clinical importance of the pits lies in 
the disruption of the nerve fi ber overlying the pits. 
In addition to the discontinuity of nerve fi ber tis-
sue overlying the pits, the lamina was dehisced 
from the peripapillary sclera at the site of optic 
disc pits. The dehisced lamina cribrosa due to 
optic disc pits and discontinuous peripapillary 
sclera due to conus pits could cause a condition 
similar to that of the material of a trampoline with 
its springs broken.  

4.3.9     Tilted Disc Syndrome 

 Shinohara et al. described 38 eyes of 29 patients 
who were highly myopic, and 16 eyes of 15 
patients were not highly myopic with tilted disc 
syndrome (TDS) (Shinohara et al.  2013 ). This 
has been thought to be a congenital anomaly 
caused by an incomplete closure of the fetal fi s-
sure of the eye, and it occurs in 1–2 % of the 
populations. The ophthalmic features of TDS 
include an inferonasal tilting of the optic disc, 
the presence of an inferior or inferonasal cres-
cent, myopia, astigmatism, and an ectasia of the 
lower fundus or inferior staphyloma. The repre-
sentative OCT fi ndings of the optic disc were a 
sloping of the lamina cribrosa posteriorly from 
the upper part to the lower part, a protrusion of 
the upper edge of Bruch’s membrane, and cho-
roid. The distance and the depth of the most pro-
truded point from the fovea (the most protruded 
point occurred along the vertical section across 
the fovea in 11 eyes and occurred 15° infero-
temporal to the fovea in the remaining eyes) 
were signifi cantly greater in the eyes with non-
highly myopic TDS than those with highly 
myopic TDS ( P  = 0.002 for distance,  P  = 0.03 
for depth). The average distance between the 
most protruded point and the fovea was 
3497.4 ± 763.3 μm with a range of 2237–
4473 μm in nine non-highly myopic eyes and 
2451.2 ± 691.5 μm with a range of 1195–
4290 μm in 15 highly myopic eyes. Similarly, 
the average depth of the most protruded point 
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from the foveal plane was 935.8 ± 396.8 μm 
with a range of 537–1730 μm in the nine non-
highly myopic eyes and 611.5 ± 284.4 μm with a 
range of 207–1100 μm in the 15 highly myopic 
eyes. The authors inferred from the similarities 
of the deformities in eyes with TDS and eyes 
with high myopia without TDS; the essential 
pathology of TDS might be a posterior bulge 
involving a wide area of inferior globe. The 
appearance of the optic disc might be infl uenced 
only by the relationship between the attachment 
site of the optic nerve and the upper edge of pos-
terior bulge.  

4.3.10     Vitreous Imaging 

 SS-OCT allows noninvasive, volumetric, and 
measurable in vivo visualization of the anatomic 
microstructural features of the posterior vitreous 
and vitreoretinal interface (Fig.  4.10 ). It is supe-
rior to SD-OCT for vitreous imaging, because it 
maintains high sensitivity over a much longer 
imaging range. In addition, the long wavelengths 
reduce artifacts caused by ocular opacities and 
induce less light scattering by the vitreous fi bers. 
The high speed of SS-OCT combined with regis-
tration motion correction and merging enables 
volumetric imaging over a wider scan length and 
compensates for the movement of the vitreous 
fi bers (Liu et al.  2015 ).

   Enhanced vitreous imaging with SS-OCT may 
help in the assessment of the natural history and 
treatment response of various vitreoretinal inter-
face diseases (Itakura and Kishi  2011 ; Itakura 
et al.  2013 ; Li et al.  2014 ; Liu et al.  2014 ; Spaide 
 2014 ; Stanga et al.  2014 ). The  measurements and 

maps obtained using SS-OCT allow 
 ophthalmologists to observe changes in vitreous 
detachment over time, perform preoperative plan-
ning, and assess treatment response to vitreous 
surgery or enzymatic vitreolysis. 

 A few studies have examined the vitreous 
with SS-OCT (Itakura and Kishi  2011 ; Itakura 
et al.  2013 ; Li et al.  2014 ; Liu et al.  2014 ; Spaide 
 2014 ; Stanga et al.  2014 ). The features which 
have been observed include the bursa premacu-
laris (BPM), area of Martegiani, Cloquet’s/BPM 
septum, Bergmeister papilla, posterior cortical 
vitreous (hyaloid) detachment, papillomacular 
hyaloid detachment, hyaloid attachment to reti-
nal vessel(s), and granular opacities within vitre-
ous cortex, Cloquet’s canal, and BPM (Fig.  4.11 ).

   The BPM is characterized as an optically 
empty space that is seen above the macula 
(Spaide  2014 ), while the area of Martegiani is a 
conical space above the optic nerve head. In some 
cases, the two areas are observed to be intercon-
nected (Spaide  2014 ). Anterior to the premacular 
bursa is another lacuna, the supramacular bursa, 
which is distinct and separate from the premacu-
lar bursa. In some cases, both the supramacular 
and premacular bursas course anteriorly, and in 
55.3 % of the eyes, they are observed to intercon-
nect (Spaide  2014 ). A study by Itakura et al. con-
fi rmed the presence of BPM in individuals with a 
wide range of ages, ranging from 8 to 65 years. In 
addition, thickening of the vitreous cortex and 
perifoveal posterior vitreous detachment have 
been observed in older individuals more than 
51 years of age. 

 Traditionally the vitreous is thought to be 
composed of liquid vitreous and vitreous gel, 
with the gel often defi ned by the presence of 

  Fig. 4.10    Vitreomacular traction. SS-OCT showing vit-
reous attachments to the retina       

  Fig. 4.11    SS-OCT scan showing clear spaces within the 
vitreous cavity. Note that the choroid–scleral boundary is 
also well visualized in this scan       

 
 

4 Swept-Source Optical Coherence Tomography



70

 collagen fi bril (Sebag and Balazs  1985 ; Sebag 
and Balazs  1989 ). This presence of collagen 
fi brils was thought to play important roles in mit-
igating the mechanical stresses due to eye move-
ment on the neuroretinal tissue. In a recent study, 
however, SS-OCT demonstrated the lack of 
fi brillar material in the bursal cavities (Spaide 
 2014 ). Spaide hypothesized that the viscoelastic-
ity and the bursa in the vitreous could be the 
architectural features that mitigate the mechani-
cal stresses on the neuroretinal tissue. 

 Posterior precortical vitreous pockets (PPVPs) 
are narrow liquefi ed spaces along the vitreoreti-
nal interface in the macula (Li et al.  2014 ). There 
are signifi cant correlations between the size of 
the PPVP and the patient’s age, but the PPVP size 
does not appear to vary with refractive error. In a 
study of 73 subjects, the wall of the PPVP could 
not be visualized in all eyes. At around 3–4 years 
of age, the PPVP and Cloquet’s canal (the rem-
nant of the primary vitreous that arises from the 
optic disc, traverses the core vitreous, and ends in 
the retrolental space) have been reported to 
appear as separate spaces. Another study has also 
visualized the PPVPs as boat-shaped lacunae in 
the macular area bilaterally (Itakura and Kishi 
 2011 ). The posterior wall of the PPVP was 
reported to be a thin vitreous cortex, which is 
thinnest at the fovea.   

4.4     Quantitative Measurements 
Using Swept-Source Optical 
Coherence Tomography 

 SS-OCT has been used in quantitative studies of 
choroidal and retinal thicknesses, which are used 
to diagnose the presence of diseases, monitor 
response to treatment, and prognosticate. The 
SS-OCT has a long-wavelength light source of 
1050 nm and a tunable laser and has the potential 
for superior and simultaneous imaging of the 
retina and choroid because of the longer wave-
length. Since SS-OCT has already been used in 
some clinical studies, the comparability of mea-
surements obtained using SS-OCT with standard 
SD-OCT devices and the repeatability of its mea-

surements are of interest to ophthalmologists. 
Determination of comparability and repeatability 
are prerequisites for quantifying a device’s abil-
ity to separate real change from noise arising 
from machine- and observer-related differences. 

4.4.1     Choroidal Thickness 
Measurements Using Swept- 
Source Optical Coherence 
Tomography 

 Deeper structures, such as the choroid–scleral 
interface (CSI), can be visualized more clearly 
with SS-OCT. In healthy eyes, it has been dem-
onstrated that the SS-OCT visualizes the CSI in 
100 % of eyes imaged compared with 68.4 % and 
73.6 % of eyes imaged via non-enhanced depth 
imaging (EDI) and EDI-OCT, respectively (Adhi 
et al.  2014 ). While the clarity of the CSI has been 
found to be similar for SS-OCT compared with 
the Spectralis OCT and Cirrus HD-OCT among 
normal eyes, the median image quality score was 
signifi cantly higher for the DRI OCT-1 compared 
with the Spectralis OCT in eyes with retinal dis-
eases (Tan et al.  2015c ). The image quality and 
clarity were noted to be affected by the presence 
of pathology, such as hard exudates or subretinal 
scars. 

 Several studies have compared point thickness 
measurements of subfoveal choroidal thickness 
(SFCT) and retinal thickness using SS-OCT and 
SD-OCT devices, although many of these studies 
were performed mostly on healthy eyes (Adhi 
et al.  2013 ,  2014 ; Copete et al.  2014 ; Ikuno et al. 
 2011 ; Matsuo et al.  2013 ; Tan et al.  2015c ). 

 In general, the comparability of the SS-OCT 
with SD-OCT devices is good. The SFCT mea-
surements from SS-OCT are generally slightly 
thicker compared with that from SD-OCT. The 
differences in SFCT range from 7.31 to 14.7 μm 
in healthy eyes (Adhi et al.  2013 ,  2014 ; Copete 
et al.  2014 ; Ikuno et al.  2011 ; Matsuo et al. 
 2013 ; Tan et al.  2015c ). It has been reported that 
eyes with SFCT ≤200 μm had smaller differ-
ences between OCT devices compared with 
those with thicker choroids (mean 3.6 μm vs. 
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10.0 μm) (Tan et al.  2015c ). It is possible that in 
eyes with thicker choroids, signal loss, artifacts, 
and  shadows cast by the connective tissue 
between vessels might impair visualization of 
the CSI more in SD-OCT than in SS-OCT, thus 
accounting for the greater variability (Adhi 
et al.  2013 ; Copete et al.  2014 ; Ikuno et al.  2011 ; 
Matsuo et al.  2013 ; Tan et al.  2015c ; Yamashita 
et al.  2012 ). 

 In diseased eyes, the SFCT measurements are 
still relatively comparable between SS-OCT and 
SD-OCT. In a study of 64 eyes with various reti-
nal diseases, the mean difference in SFCT 
between SS-OCT and SD-OCT devices was 
8.4 μm (Tan et al.  2015c ). Another study per-
formed on eyes with central serous chorioreti-
nopathy (CSC) reported differences in SFCT of 
4.6 μm (Hamzah et al.  2014 ).  

4.4.2     Retinal Thickness 
Measurements Using Swept- 
Source Optical Coherence 
Tomography 

 At the point of writing, there has only been one 
report which compared retinal thicknesses 
between SS-OCT and SD-OCT devices (Tan 
et al.  2015a ). In that study, the CRT measure-
ments differed signifi cantly among three OCT 
devices, with mean differences ranging from 15.6 
to 37 μm. Intraclass correlation coeffi cients 
(ICCs) were at least 0.94 for any pair of machines. 
Similar results were observed in all nine ETDRS 
subfi elds. The differences likely arise from varia-
tion in the location of the lower segmentation 
boundary (Giani et al.  2010 ; Pierro et al.  2010 ; 
Tan et al.  2015a ; Wolf- Schnurrbusch et al.  2009 ), 
i.e., at the second hyperrefl ective band for the 
DRI OCT-1, at the retinal pigment epithelium–
Bruch’s membrane complex for Spectralis, and 
above the third hyperrefl ective band for Cirrus. In 
general, the retinal thicknesses measured using 
different OCT devices are not comparable (Giani 
et al.  2010 ; Pierro et al.  2010 ; Tan et al.  2012a ,  
 2014a ,  b ,  c ; Wolf-Schnurrbusch et al.  2009 ), 
although several studies have reported methods 

to adjust segmentation lines or use regression 
equations to achieve comparability between 
SD-OCT devices (Tan et al.  2012a ,  2014a ,  b ,  c ). 

 The DRI OCT-1 produces retinal thickness 
maps from different scanning protocols. It has 
been found that in all ETDRS sectors, retinal 
thickness measurements obtained using the 3D 
and radial scans of the DRI OCT-1 were similar, 
with mean differences ranging from 0.7 to 3.8 μm 
(Tan et al.  2015a ,  c ).   

4.5     Scleral Imaging with Swept- 
Source Optical Coherence 
Tomography 

 The imaging of the sclera in vivo is possible 
with SS-OCT. The longer central wavelength 
allows improved penetration of tissue compared 
with SD-OCT devices, which enables the scleral 
boundaries to be visualized. Several studies have 
imaged the sclera using SS-OCT in eyes with 
high myopia (Ellabban et al.  2013b ; Lopilly Park 
et al.  2014 ; Ohno-Matsui et al.  2012a ). They 
reported that in between 57 and 68.4 % of sub-
jects, the entire scleral layer was visualized by 
SS-OCT. However, the outer border of the sclera 
is diffi cult to detect in emmetropes (Liu et al. 
 2014 ) possibly as a result of the thicker choroid 
layer. In one study, the intra-observer reproduc-
ibility showed moderate to excellent measure-
ment reproducibility, with an ICC of between 
0.817 and 0.858 for the subfoveal scleral thick-
ness. Interobserver reproducibility was good 
as well, with an ICC of 0.847 for the subfoveal 
scleral thickness (Lopilly Park et al.  2014 ). 

 The sclera is reported to be signifi cantly thicker 
at the subfoveal and nasal regions compared with 
other regions (Ellabban et al.  2013b ; Ohno-Matsui 
et al.  2012a ). The degree of scleral thinning with 
time is asymmetrical throughout the posterior 
pole, with an estimated decrease per year of 
5.6 μm at the foveal center, while the sclera thins 
at a rate of 12.1 μm per year at the inferior sectors. 
It has been speculated that this asymmetrical 
scleral thinning leads to the dome-shaped tomo-
graphic appearance (Ellabban et al.  2013a ). 
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 In myopia, the curvatures of the inner scleral 
surface of highly myopic eyes have been 
described to have several confi gurations: (1) 
sloping toward the optic nerve, (2) symmetrical 
and centered on the fovea, (3) asymmetrical, or 
(4) irregular (Ohno-Matsui et al.  2012a ). Patients 
with irregular curvature were signifi cantly older 
and had signifi cantly longer axial lengths than 
those with other confi gurations. Eyes with irregu-
lar curvatures had more myopic fundus lesions. 
In addition, these eyes with irregular curvatures 
had temporally distorted shapes in the 3D MRI 
images. This is unlike eyes with symmetrical cur-
vatures, which are reported to be symmetrical 
horizontally and sagittally in the MRI images. 
Among eyes with irregular curvatures, those with 
a pointed posterior pole were observed more fre-
quently than those with the dull shape. It was 
speculated that the development and increase in 
depth of the staphylomas are the cause for the 
increased pointedness. Eyes in which the scleral 
curvatures sloped toward the optic nerve had 
nasally distorted shapes in the 3D MRI images 
(Ohno-Matsui et al.  2012a ). 

 Studies have reported the morphology of 
intrascleral and retroscleral blood vessels in eyes 
with pathologic myopia and correlated these 
with ICGA (Ohno-Matsui et al.  2012a ). The 
authors described that intrascleral and retrobul-
bar blood vessels were observed in the macular 
area of the highly myopic eyes. ICGA confi rmed 
that these structures were the long posterior cili-
ary arteries (LPCAs) or the short posterior cili-
ary arteries (SPCAs) whose entry sites into the 
eye were displaced toward the temporal edge of 
the posterior staphyloma in 50 eyes. The authors 
also reported visualization of the intrascleral 
course of blood vessels, their cross sections, as 
well as the macular vortex veins and their exit 
from the sclera. In addition, retrobulbar blood 
vessels were observed posterior to the sclera in 
26.7 % of eyes. 

 Recent studies have demonstrated the impor-
tance of the sclera in the pathogenesis of glaucoma. 
The mechanical infl uence of the peripapillary 
sclera on the lamina cribrosa is thought to be espe-
cially important. In one study, SS-OCT detected 
differences in the thicknesses of the posterior sclera 

between eyes with normotension glaucoma 
(497 μm) and eyes with primary open-angle glau-
coma (671 μm) (Lopilly Park et al.  2014 ).  

4.6     En Face Imaging Using 
Swept-Source Optical 
Coherence Tomography 

 SS-OCT can be used to produce en face images, 
which enables visualization of the macula at dif-
ferent depth levels. Due to its longer wavelength, 
reduced attenuation, and longer imaging range 
compared with SD-OCT, SS-OCT allows better 
en face imaging of the choroid and retina (Ferrara 
et al.  2014 ; Flores-Moreno et al.  2015 ). 
Characterization of the anatomy of the choroid 
and retina may help explain the pathophysiology 
of choroidal and retinal diseases. 

 En face SS-OCT can be useful in identifying 
choroidal neovascularization in neovascular AMD 
without the use of angiography. A study of 38 eyes 
with neovascular AMD demonstrated that the RPE 
and choriocapillaris are affected early in the dis-
ease process (Flores-Moreno et al.  2015 ). The neo-
vascular complex was hyporefl ective in 76.3 % of 
eyes, but was hyperrefl ective in the remaining 
23.7 %. Hyporefl ective changes were predominant 
at the level of the RPE, whereas hyperrefl ective 
changes were predominant at the level of the cho-
riocapillaris and Sattler’s and Haller’s layers. In 
addition, in cases of neovascular AMD, the dye 
leakage in FA and ICGA is corresponded with the 
hyporefl ective and hyperrefl ective changes seen 
on en face SS-OCT. 

 En face SS-OCT is also useful for observing 
eyes with PCV, since PCV lesions such as polyps 
and vascular networks exist beneath the RPE. A 
study demonstrated features including focal or 
diffuse choroidal vascular dilations (Alasil et al. 
 2015 ). Branching vascular networks were 
observed above and below Bruch’s membrane 
and also in the choroidal vascular layer. Another 
study has described these networks as tortuous 
lines within a hyperrefl ective mesh (Sayanagi 
et al.  2015 ). En face imaging can demonstrate the 
extent of these lesions, so that it is possible to dif-
ferentiate the vascular networks from other 
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pathologies such as drusens. Notably, protrusions 
from the PED wall correspond with the  polypoidal 
lesions seen on ICGA. 

 In reticular pseudodrusen, en face images 
through the choroid have revealed narrow and 
sparse choroidal vessels, which suggest choroidal 
involvement in its pathogenesis. The area of cho-
roidal vasculature was also signifi cantly reduced 
in eyes with reticular pseudodrusen compared 
with normal eyes (Ueda-Arakawa et al.  2014 ). 

 Ferrara and associates recently characterized 
chronic central serous chorioretinopathy (CSC) 
using en face SS-OCT (Ferrara et al.  2014 ). The 
en face image at the level of the RPE revealed the 
absence of signals corresponding to RPE detach-
ment and/or loss. Focal and diffuse choroidal 
dilations were observed at the choriocapillaris 
and Sattler’s and Haller’s layers. In eyes with sec-
ondary choroidal neovascularization, hyporefl ec-
tive signals at the choriocapillaris and throughout 
the choroid were observed. Other fi ndings in 
CSC include focal choroidal excavations, and the 
en face scans highlighted the actual transverse 
shape of these excavations (Ellabban et al. 2013). 
The focal choroidal excavations were located 
within fl uorescein leakage points and areas of 
choroidal hyperpermeability. It was hypothesized 
that these excavations may have formed from 
RPE retraction caused by focal scarring of cho-
roidal connective tissue. 

 Lamina cribrosa structures can also be 
observed in vivo with en face SS-OCT (Takayama 
et al.  2013 ). In a study of 182 glaucomatous eyes, 
full-thickness focal defects near the margin of the 
lamina cribrosa were detected. These focal lamina 
cribrosa defects corresponded with neuroretinal 
rim thinning, concurrent or previous disc hemor-
rhages, abnormal circumpapillary retinal nerve 
fi ber layer thickness, and visual fi eld defects.  

4.7     Applications of Anterior 
Segment Optical Coherence 
Tomography 

 In addition to scanning of the posterior pole, 
SS-OCT can also be used in imaging of struc-
tures in the anterior segment. 

4.7.1     Identifi cation 
and Quantifi cation 
of Structures in the Angles 

 Anterior segment OCT has been used extensively 
to assess the angles of patients with glaucoma. 
The scleral spur is a key landmark in the angle of 
the eye, and successful identifi cation of this 
structure using TD-OCT has been reported to 
vary from 64 to 80 % of patients, depending on 
the quadrant involved (Sakata et al.  2008 ). 
Among studies using SS-OCT, the sclera spur 
has been reported to be visualized in a higher 
proportion of eyes (typically in over 90 % of 
eyes) (Cumba et al.  2012 ; Liu et al.  2011 ; McKee 
et al.  2013 ; Tun et al.  2013 ). A paper by Liu et al. 
( 2011 ) reported that the scleral spur was visible 
in over 90 % of eyes, although the advantage of 
SS-OCT varied with the scanning protocol and 
quadrant imaged. Tun et al. ( 2014 ) assessed the 
ability of SS-OCT to identify various structures 
in the angles of 148 subjects, which included 
23 % with angle closure. Of the 592 quadrants 
assessed, identifi cation of the scleral spur and 
Schwalbe’s line was possible in 590 (99.7 %) and 
585 (98.8 %) quadrants, respectively. 

 The scanning protocol that is used plays a role 
in determining the scleral spur visibility using 
SS-OCT. McKee et al. ( 2013 ) showed that using 
a low-density scan of 128 radial scans, each with 
512 A-scans covering a distance of 16 mm across 
the anterior chamber, scleral spur visibility varied 
from 95 % nasally to 50 % inferiorly. When the 
scan density was increased to higher density – of 
64 B-scans, each with 512 A-scans covering an 
area of 8 × 4 mm 2 , with each of the four quadrants 
performed independently – the scleral spur visi-
bility rose to 95 % inferiorly to 100 % in the tem-
poral and superior quadrants. 

 The time required to produce a 360-degree 
scan is relatively short (typically under 3 s) and 
allows imaging of angle morphology with a 
high degree of accuracy. A study by Lai et al. 
( 2013 ) has found good agreement between 
gonioscopy and SS-OCT in the identifi cation of 
peripheral anterior synechiae (kappa = 0.79; 
95 % CI, 0.67–0.91). More importantly, it has 
been reported that SS-OCT could be used to 
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 differentiate synechial closure from apposi-
tional closure with dynamic dark-light imaging 
and by observing the angle confi guration (obtuse 
for synechial closure and acute for appositional 
closure). 

 SS-OCT can be used to discern the patency of 
sclerotomies following glaucoma fi ltration sur-
gery (Lai et al.  2013 ). Analysis of the SS-OCT 
images allows measurement of the area of periph-
eral anterior synechiae and quantifi cation of its 
involvement, and it has been suggested that this 
may be a vital tool for the assessment of the 
extent of peripheral anterior synechiae and its 
progression in glaucoma patients. 

 Quantifi cation of various parameters in the 
angles, such as the angle opening distance, tra-
becular–iris space area, trabecular–iris angle, and 
iris volume, which are commonly used in the 
assessment of glaucoma patients using TD-OCT, 
can also be performed using SS-OCT (Liu et al. 
 2011 ). The iris volume has been suggested as a 
potential risk factor for angle closure in studies 
which used TD-OCT (Aptel and Denis  2010 ; 
Aptel et al.  2012 ). Mak et al. showed that the 
change in iris volume has a more substantive 
effect on the anterior chamber angle in eyes with 
a smaller ACV (Mak et al.  2013 ). This explains 
the increased predisposition of these eyes to 
develop angle closure. It has been suggested that 
the interplay between iris volume and anterior 
chamber volume is important for the investiga-
tion of the dynamics of primary angle closure 
since both ACV and iris volume were signifi cant 
determinants of angle width. 

 A novel parameter – the iris–trabecular con-
tact index (ITC index) – has been described 
using SS-OCT (Baskaran et al.  2013 ). This is a 
summary measure of the circumferential extent 
of angle closure and represents the extent of 
angle closure as a percentage. Inbuilt software 
of the OCT device analyzes the extent of iris–
trabecular contact across 360° of the angle and 
calculates the extent of the angle closure as the 
ITC index. This has been found to compare 
favorably with gonioscopy, with area under the 
curve ranging from 0.83 to 0.91, depending on 
the defi nitions of gonioscopic angle closure 
which were used.  

4.7.2     Biometry Using Swept-Source 
Optical Coherence 
Tomography 

 SS-OCT technology has been used to perform 
biometry and has shown comparable precision to 
current devices. Grulkowski et al. in  2013  
reported strong correlations between the SS-OCT 
and the IOLMaster for axial length measure-
ments ( r  = 0.984), with high intersession repro-
ducibility of SS-OCT measurements (intraclass 
correlation coeffi cients >0.99). 

 The advantages of using SS-OCT include 
reduced scattering and attenuation from ocular 
opacities as a result of the longer wavelength 
(1065 nm). This may improve the accuracy of 
biometry in patients with severe cataracts, 
which currently present diffi culty for devices 
such as the IOLMaster. All parameters, such as 
axial length, anterior chamber depth, central 
corneal thickness, keratometry, and white-to-
white distance, can be obtained from a single 
data set, instead of using different instruments. 
The device is also able to produce basic images 
of the retina, allowing cataract surgeons to 
screen for obvious macular pathologies. The 
device is also noncontact, thus improving 
patient contact.   

4.8     Limitations and Pitfalls 
of Swept-Source Optical 
Coherence Tomography 

 The limitations of SS-OCT include a small reduc-
tion in axial resolution due to the longer wave-
length of the light source (Potsaid et al.  2010 ). 
However it is unlikely that this will have any 
clinical impact in the usual review of patients. 

 As there are currently only a few SS-OCT 
devices available commercially, this limits their 
application to standard clinical practice. Another 
consideration is the cost of the device (Srinivasan 
et al.  2007 ), which may make it diffi cult for oph-
thalmology clinics to acquire these devices. 
However, these limitations will likely be 
addressed in the future as SS-OCT devices 
become more readily available.  
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4.9     Future Developments 
of Swept-Source Optical 
Coherence Tomography 

 SS-OCT can be used for OCT angiography, 
which is covered in detail in another chap-
ter. In brief, a 3 × 3 mm region of tissue can be 
scanned at a resolution of 5 μm within 4 s. The 
rapid scanning enables analysis of variation of 
refl ectivity and phase shift, which is used to 
construct microvascular fl ow maps (Fig.  4.12 ). 

This allows the imaging of microvasculature of 
the retina and choriocapillaris without the use of 
 intravenous dyes.

     Conclusion 

 SS-OCT confers important advantages over 
earlier SD-OCT devices, among which are the 
faster scanning speed and the ability to image 
the deeper structures in the eye, thus allowing 
ophthalmologists to visualize the choroid and 
sclera in unprecedented detail. These have 

a

c

b

  Fig. 4.12    OCT angiography of a patient with choroidal 
neovascularization secondary to age-related macular 
degeneration. ( a ) OCT angiogram showing the CNV net. 
( b ) OCT structural projection image corresponding to the 
same region of the OCT angiogram. ( c ) Representative 

OCT B-scan of the CNV lesion (Acknowledgement: 
Topcon Advanced Biomedical Imaging Laboratory for its 
special assistance in developing the angiographic method-
ology and processing the data)       
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already presented important insights to oph-
thalmologists and will likely guide manage-
ment of patients with ocular diseases in the 
years ahead.      
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5.1         Introduction 

 Recent technological advances in ophthalmic 
imaging, especially those in optical coherence 
tomography (OCT), revealed morphological 
changes of the choroid related to a wide number 
of pathological chorioretinal conditions, indicat-
ing a pivotal role in underlying disease mecha-
nisms, in natural history of diseases, and also in 
response to therapeutic interventions. 

 OCT now permits the acquisition of high- 
speed, high-resolution imaging that generates 
tridimensional, depth-resolved optical recon-
struction of the choroid. The ability to better 
characterize the in vivo morphology of the nor-
mal choroid is of fundamental importance to 
understand the role of the choriocapillaris and 
choroidal vasculature in physiological and path-
ological states of the eye.  

5.2     Optical Coherence 
Tomography as a Valuable 
Tool to Investigate 
the Choroid 

5.2.1     Fourier-Domain Optical 
Coherence Tomography 
Technologies 

 The physics of the OCT device plays a key role 
when investigating the choroid on OCT. Spectral- 
domain (SD)-OCT is the standard for diagnosis 
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and management of chorioretinal disorders in the 
clinical practice, but the documentation of the 
choroid may be compromised by limited depth of 
penetration (~850 nm), even when applying the 
enhanced depth imaging (EDI) method (Adhi 
et al.  2014 ; Spaide et al.  2008 ). The EDI-OCT is 
an acquisition technique that generally exhibits 
better quality of the choroid and choroidal-scleral 
interface, because the peak sensitivity is dis-
placed posteriorly. By placing the zero-delay line 
toward the sclera, rather than at the level of the 
posterior vitreous, the roll-off sensitivity does not 
compromise the tomographic registration (Spaide 
et al.  2008 ; Spaide  2010 ). Although valuable to 
investigate the choroid in full thickness, this tech-
nique does not contribute signifi cantly to docu-
mentation of the choriocapillaris given its 
proximity to the retinal pigment epithelium 
(RPE) (Spaide  2009 ). 

 Swept-source (SS)-OCT is a modifi ed Fourier- 
domain and depth-resolved technology that offers 
potential advantages over SD-OCT, including 
reduced sensitivity roll-off with imaging depth, 
higher detection effi ciencies, improved imaging 
range, adaptability to longer imaging wavelengths 
of ~1050 nm that improve penetration of the cho-
roid, and higher image acquisition speeds 
(Unterhuber et al.  2005 ). SS-OCT employs a 
wavelength sweeping laser light source and a pho-
todiode detector that records the interference of 
the backscattered light from the retina, while in 
SD-OCT a broadband light source is used, and a 
spectrometer and line scan camera record the 
interference (Potsaid et al.  2010 ). The improved 
performance of SS-OCT enables higher density 
raster scan protocols and deeper image penetra-
tion, contributing to better visualization of the 
choriocapillaris and choroidal vessels (Adhi et al. 
 2015 ; Ferrara et al.  2014 ; Montaghiannezam et al. 
 2012 ; Sohrab et al.  2012 ; Srinivasan et al.  2008 ). 

 Despite potential advantages of SS-OCT in 
comparison to SD-OCT to investigate the cho-
roid, the differences between the two technolo-
gies are related to the qualitative assessment. 
Quantitative observations seem to be signifi -
cantly correlated and highly reproducible, assum-
ing that retinochoroidal and choroidal-scleral 
interfaces are clearly visible (Branchini et al. 

 2012 ; Copete et al.  2014 ; Ellabban et al.  2012 ; 
Hirata et al.  2011 ; Matsuo et al.  2013 ; Tan et al. 
 2015 ; Yamashita et al.  2012 ).  

5.2.2     Structural Optical Coherence 
Tomography 

 Cross-sectional OCT imaging is widely used in 
the clinical ophthalmological practice and has 
been considered a fundamental tool in the diag-
nosis and management of chorioretinal diseases. 
The integrity of the RPE/Bruch’s membrane/
choriocapillaris complex and the subfoveal total 
choroidal thickness are among the features of 
fundamental importance for clinical interpreta-
tion. Cross- sectional OCT, however, has limited 
ability to document in details the choriocapil-
laris and individual choroidal layers, even in 
normal eyes with preserved anatomy. Some 
studies have assessed in conjunction the chorio-
capillaris and medium- size choroidal vessels 
when using cross-sectional OCT (Adhi et al. 
 2013 ; Branchini et al.  2013 ). 

 En face OCT imaging is generated by succes-
sive alignment of multiple adjacent B-scans ren-
dering a tridimensional dataset. It allows 
high-defi nition depth-resolved reconstruction of 
the choroidal tissue in a plane parallel to the ana-
tomic structures, rather than in a perpendicular 
plane. En face OCT documents details of the cho-
roid not readily appreciated on cross-sectional 
OCT, besides offering ideal correlation with 
other imaging modalities. Nonetheless, for opti-
mal interpretation, both cross-sectional and en 
face OCT images should be analyzed in conjunc-
tion, in a multidimensional assessment. Although 
the identifi cation of feeder arterioles and draining 
venules is limited even on en face OCT, chorio-
capillaris and medium-size and large-size choroi-
dal vessels can be clearly identifi ed (Adhi et al. 
 2015 ; Ferrara et al.  2014 ; Montaghiannezam 
et al.  2012 ; Sohrab et al.  2012 ; Srinivasan et al. 
 2008 ). For such, post-acquisition image process-
ing and registration is of fundamental impor-
tance. OCT image quality can be improved to 
correct eye movements,  tilting, illumination, and 
image noise, for example. Another major aspect 
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to properly evaluate the choroid on en face OCT 
is image registration using the RPE or Bruch’s 
membrane as a reference surface. This digital 
processing compensates the natural curvature of 
the back of the eye and, in result, permits docu-
mentation of each individual choroidal layer in 
one distinct plan (Figs.  5.1 ,  5.2 , and  5.3 ).

5.2.3          Optical Coherence 
Tomography Angiography 

 OCT angiography is a recently developed 
technology that allows noninvasive documen-
tation of vascular structures and is a useful 
investigative tool of the choriocapillaris and 
 choroidal  microvasculature in physiological 

and  pathological conditions. The basic princi-
ple of OCT angiography assumes that all other 
elements remaining static, the only difference 
between sequential OCT scans in a given loca-
tion of the tissue is caused by the motion of eryth-
rocytes within the vessels. It can be obtained with 
several different technologies, classifi ed into two 
major groups: amplitude based and phase based. 
Important examples of amplitude-based technol-
ogies are the split-spectrum amplitude-decorrela-
tion  angiography (SSADA), scattering OCT, and 
speckle variance (Jia et al.  2012 ), while examples 
of phase-based technologies are phase-variance 
OCT and Doppler OCT (Fingler et al.  2007 ; Kim 
et al.  2011 ). All of these can be implemented in 
high-speed Fourier-domain OCT, either SD-OCT 
or SS-OCT systems. 

a b c d

e f g h

i j k l

  Fig. 5.1    Structural en face optical coherence tomography 
(OCT) of normal eyes obtained with swept-source 
OCT. In the  upper row , en face OCT was registered taking 
the Bruch’s membrane as a reference surface to compen-
sate the natural curvature of the eye. Each scan documents 
an individual choroidal layer, as follows: retinal pigment 
epithelium (RPE) ( a ), choriocapillaris ( b ), inner choroid 
( c ), and outer choroid ( d ). Note at the level of the outer 
choroid ( d ) a peripapillary area without choroidal vessels, 
correspondent to the so-called watershed zone. In the 

 middle row , original en face OCT scans without registra-
tion. Each scan documents multiple choroidal layers; the 
following levels are documented in the center of the scans: 
RPE ( e ), choriocapillaris ( f ), inner choroid ( g ), and outer 
choroid ( h ). In the  lower row , cross-sectional OCT cen-
tered at the fovea. Individual choroidal layers are not read-
ily appreciated. The horizontal lines indicate the level of 
en face scans, as follows: RPE ( i ), choriocapillaris ( j ), 
inner choroid ( k ), and outer choroid ( l )       
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 OCT angiography has fundamental differ-
ences when compared to standard fl uorescein 
angiography or indocyanine green angiography; 
direct comparison between these methods is not 
always feasible and should be taken with caution. 
The proper interpretation of OCT angiography 
must consider the physical principles of imaging 
acquisition: images do not change throughout the 
acquisition process, and since no exogenous dye 
is used, leakage, staining, or pooling is not docu-
mented. On the other hand, it is subject to spe-
cifi c artifacts mostly related to the optical 
reconstruction of vascular tissues. One important 
limitation is the fact that OCT angiography 

 identifi es the vascular fl ow within a limited 
dynamic range. There is a sensitivity limit, which 
is the slowest detectable fl ow determined by the 
elapsed time between sequential scans. There is 
also a saturation limit, which is the fastest detect-
able fl ow that is differentiated by the decorrela-
tion signal. All these considerations are relevant 
when interpreting OCT angiography of the cho-
roidal vasculature. Although the choroid has the 
highest blood fl ow per unit weight tissue in the 
human body (Alm and Bill  1973 ), the blood fl ow 
in the choriocapillaris and choroidal vasculature 
may occasionally be too slow or too fast to be 
documented by this imaging method.   

a b c d

  Fig. 5.2    Structural en face optical coherence tomography 
(OCT) of normal eye obtained with swept-source 
OCT. Images were registered taking the Bruch’s mem-
brane as a reference surface to compensate the natural 
curvature of the eye. En face OCT at the level of the reti-
nal pigment epithelium ( a ) is characterized by homoge-
neous hyperrefl ective layer. The only hyporefl ective 
structures are the optic disc and the shadowing artifact of 
overlying retinal vessels. En face OCT at the level of the 
choriocapillaris ( b ) shows homogeneous reticular pattern 

throughout the scan. En face OCT at the level of the inner 
choroid ( c ) shows in the macular area a complex, interwo-
ven network of short and relatively thin vascular segments 
crossing over each other and homogeneously distributed, 
while in extramacular areas the vessels are fewer in num-
ber. En face OCT scans at the level of the outer choroid 
( d ) show wider vessels, interwoven in the center of the 
macula but assuming a distinct radial distribution beyond 
the macular area toward the equator       

a b c d

  Fig. 5.3    Structural en face optical coherence tomography 
(OCT) of normal eye obtained with a swept-source OCT 
prototype operating at 1050 nm. Images were registered 
taking the Bruch’s membrane as a reference surface to 
compensate the natural curvature of the eye. Magnifi ed 

fi elds show details of the individual layers as follows: reti-
nal pigment epithelium ( a ), choriocapillaris ( b ), inner 
choroid ( c ), and outer choroid ( d ). Vertical and horizontal 
scale bars measuring 1.5 mm       
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5.3     Normal Choroidal Thickness 
on Structural Optical 
Coherence Tomography 

 While choroidal thinning on OCT has been asso-
ciated with various pathological conditions such 
as AMD, age-related choroidal atrophy, and high 
myopia, it is important to note that the total cho-
roidal thickness also varies widely in the normal 
population at both the subfoveal and the 
extramacular locations (Branchini et al.  2013 ; 
Flores-Moreno et al.  2013 ; Kim et al.  2011 ; 
Spaide  2009 ; Wei et al.  2013 ). Variability related 
with gender, age, axial length, and refractive 
error has been reported (Barteselli et al.  2012 ; 
Margolis and Spaide  2009 ; Sanchez-Cano et al. 
 2014 ). It may be challenging, therefore, to estab-
lish normative values or to identify a clear thresh-
old between normal and pathological choroidal 
thickness in the clinical setting. 

 The subfoveal total choroidal thickness has 
been found to correlate signifi cantly with age, 
and progressive subfoveal total choroidal thin-
ning occurs in normal aging eyes (Fujiwara et al. 
 2009 ; Ikuno and Tano  2009 ; Ikuno et al.  2010 ; 
Manjunath et al.  2010 ; Margolis and Spaide 
 2009 ; Hirata et al.  2011 ; Ooto et al.  2015 ). 
Subfoveal choroidal thickness was also found to 
be negatively correlated with axial length 
(Benavente-Perez et al.  2010 ; Esmaeelpour et al. 
 2010 ; Hirata et al.  2011 ; Li et al.  2011 ; Ooto et al. 
 2015 ) and positively correlated with refractive 
error (Fujiwara et al.  2009 ; Ikuno and Tano  2009 ; 
Ikuno et al.  2010 ). Diurnal variations on the same 
individuals were also reported (Brown et al. 
 2009 ; Ikuno et al.  2010 ; Tan et al.  2012 ) and 
seem to correlate with diurnal variations of the 
ocular axial length (Chakraborty et al.  2011 ). 

 Progressive choroidal thinning in normal aging 
eyes was documented in both  post - mortem  histo-
pathological studies and in vivo investigations, 
using either cross-sectional OCT or en face OCT 
(Adhi et al.  2015 ; Ferrara et al.  2016 ; Ikuno et al. 
 2010 ; Manjunath et al.  2011 ; Margolis and Spaide 
 2009 ; McLeod and Lutty  1994 ; Spaide  2009 ; Wei 
et al.  2013 ). Investigations on en face OCT sug-
gested that the proportion between individual cho-
roidal layers may also change in older  individuals, 

and it is possible that in normal aging eyes, the 
choriocapillaris loss may be relatively more sig-
nifi cant than loss of medium-size and large-size 
choroidal vessels. Morphological changes in the 
choriocapillaris and choroidal vasculature patterns 
have not been correlated so far with the normal 
aging process (Ferrara et al.  2016 ). 

 Caution is needed when comparing choroidal 
thickness measurements reported in different 
studies available in the literature, because varia-
tions in demographic or clinical characteristics 
may preclude a direct correlation between differ-
ent cohorts. In one of the fi rst attempts to obtain 
normative values for the normal population using 
SD-OCT, the mean subfoveal total choroidal 
thickness in a small group of patients, mean age 
of 50 years, was found to be 287 μm, which was 
found to decrease approximately 15 μm for each 
decade of life (Margolis and Spaide  2009 ). 
Subfoveal total choroidal thickness seems to 
decrease especially after the age of 40 (Ferrara 
et al.  2016 ); Ruiz-Medrano et al.  2014 ). In another 
cohort, the following measurements were found 
on SS-OCT for each age range: 325.6 ± 51.1 μm 
(0–10 years), 316.7 ± 90.1 μm (11–20 years), 
313.9 ± 80.3 μm (21–40 years), 264.6 ± 79.3 μm 
(41–60 years), and 276.3 ± 88.8 μm (older than 
60 years), in addition to different choroidal thick-
ness profi les for each age group with greater vari-
ations in the temporal quadrant of the fundus 
(Ruiz-Medrano et al.  2014 ). Several other studies 
have reported highly variable values for mean 
subfoveal total choroidal thickness, investigating 
cohorts of different demographic characteristics 
(Benavente-Perez et al.  2010 ; Hirata et al.  2011 ). 
As a gross estimate, in vivo subfoveal total cho-
roidal thinning was considered to progress 
1.56 μm per year, which is higher than 1.1 μm per 
year estimated from  post - mortem  specimens 
(Margolis and Spaide  2009 ). Although several 
aspects can justify such difference, to some 
extent it may be related to the lack of blood fl ow 
in histological examination (Feeney-Burns et al. 
 1990 ; Ramrattan et al.  1994 ; Sarks  1976 ). 

 In addition, normal variations of the choroidal- 
scleral contour also contribute to the variability 
in total choroidal thickness measurements, which 
vary throughout the fundus (Adhi et al.  2014 ; 
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Branchini et al.  2013 ). In normal eyes the choroid 
is thickest under the fovea, showing marked thin-
ning toward the periphery in all four quadrants – 
nasal, temporal, superior, and inferior 
(Esmaeelpour et al.  2010 ; Hirata et al.  2011 ; 
Ikuno et al.  2010 ; Manjunath et al.  2010 ). The 
peripapillary total choroidal thickness was found 
to be the thinnest inferiorly to the optic disk (Ho 
et al.  2011 ; Tanabe et al.  2012 ). 

 The suprachoroidal layer is not commonly 
observed on OCT in normal eyes. It is estimated 
to be documented on cross-sectional OCT in only 
5 % of healthy emmetropic eyes as two distinct 
bands: an upper hyperrefl ective band correspond-
ing to the suprachoroidal layer and a lower hypo-
refl ective band supposedly corresponding to the 
suprachoroidal space, which in vivo was previ-
ously visualized only in eyes with choroidal effu-
sion (Michalewska et al.  2015 ).  

5.4     Normal Choroidal 
Morphology on Structural En 
Face Optical Coherence 
Tomography 

 The normal choroid has been investigated on 
recent research using depth-resolved en face OCT, 
extracted from tridimensional datasets, which is 
strikingly superior than cross-sectional OCT for 
this matter. Most of these recent studies use 
SS-OCT, since it documents deeper structures 
better than SD-OCT (Adhi et al.  2015 ; Ferrara 
et al.  2014 ; Ferrara et al.  2016 ; Montaghiannezam 
et al.  2012 ; Sohrab et al.  2012 ; Sohrab and Fawzi 
 2013 ; Srinivasan et al.  2008 ). The morphological 
features of the choroid do not seem to present 
qualitative changes during normal aging, although 
quantitative changes are typically observed, as 
discussed above (Ferrara et al.  2016 ). 

 Structural en face OCT of the RPE in normal 
eyes is regularly homogeneous and hyperrefl ec-
tive throughout the scan, including the macular 
and peripapillary areas. The only hyporefl ective 
elements correspond to the optic disk and to the 
tomographic shadowing artifact of the overly-
ing normal retinal vessels (Ferrara et al.  2016 ). 
These references are important for the proper 

 interpretation of the image, because this artifact 
is transmitted on en face layers throughout the 
volumetric dataset and should not be confounded 
with actual choroidal vessels. 

 Structural en face OCT of the choriocapil-
laris and choroidal microvasculature are chal-
lenging to be obtained, even in normal eyes, 
because of the small caliper and complexity of 
the vascular network. No distinct capillary ves-
sels can be readily identifi ed on en face OCT, 
with the current available technology. Instead, 
they appear as homogeneous reticular pattern 
throughout the scan, including the macular and 
peripapillary areas, lying at a level external to 
the RPE and internal to the choroidal vascu-
lature. Microvascular choroidal anastomoses 
between the choriocapillaris and terminal arte-
rioles or venules from the inner choroid are also 
present at this level. However, since both chorio-
capillaris and microvascular anastomosis appear 
on en face OCT as a reticular pattern, no tomo-
graphic distinction can be made between them 
(Ferrara et al.  2016 ) (Fig.  5.4 ).

   Structural en face OCT of the inner and outer 
choroid in normal eyes has distinct characteris-
tics, depending on the area of the fundus and on 
the level of the scan. In the macular area, cho-
roidal vessels appear on en face OCT as highly 
complicated, interwoven, short vascular seg-
ments crossing over each other. In en face scans 
of extramacular areas, choroidal vessels are 
straighter and fewer in number representing a 
radial distribution outward from the center of the 
macula toward the equator (Ferrara et al.  2016 ). 
En face scans at the level of the inner choroid 
present thinner vessels, homogeneously distrib-
uted in the macular area through the topography 
of the retinal vascular arcades. En face scans at the 
level of the outer choroid present wider vessels, 
interwoven in the center of the macula but assum-
ing clear radial distribution beyond the macular 
area toward the equator (Montaghiannezam et al. 
 2012 ; Sohrab et al.  2012 ). No distinct anatomic 
boundary can be determined between inner and 
outer choroid, since vessel caliber and distri-
bution change in a progressive gradient. Also, 
arteries and veins cannot be differentiated based 
on tomographic features (Ferrara et al.  2016 ). 
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A  peripapillary area of preserved choriocapillaris 
but absent medium-size and large-size choroi-
dal vessels, corresponding to the angiographic 
description of the so-called watershed zone 
(Hayreh  1975 ; Hayreh  1990 ), can be documented 
on en face OCT (Fig.  5.5 ).

5.5        Normal Choroidal 
Morphology on Optical 
Coherence Tomography 
Angiography 

 OCT angiograms can be generated by tridimen-
sional rendering from cross-sectional images of 
the speckle decorrelation between sequential 

scans, repeatedly acquired on the same position, 
as discussed above. Assuming the documented 
tissue remains static, all scans will be identical, 
except where there is erythrocyte motion within 
the blood vessels. This motion results in local 
oscillation of backscattered light intensity, which 
can be calculated by comparing each pixel on the 
scans and results in a motion contrast. A volu-
metric dataset documenting the tissue on OCT 
angiography can be obtained by performing this 
operation for all transverse positions of the scan 
(Choi et al.  2013 ). 

 As a general rule discussed above, it is impor-
tant to take into account artifacts for proper inter-
pretation of the OCT images. Therefore, the 
choroidal vasculature should not be confounded 

a b c

  Fig. 5.4    Optical coherence tomography (OCT) angiogra-
phy of a normal eye obtained with ultrahigh speed swept- 
source OCT prototype operating at 1060 nm (Choi et al. 
 2013 ). Scans document the choriocapillaris in different 

sectors of the fundus. In the center of the macula ( a ), the 
choriocapillaris shows dense reticular appearance, while 
it shows less dense appearance in the mid-periphery ( b ) 
and a lobular appearance toward the equator ( c )       

a b c

  Fig. 5.5    Optical coherence tomography (OCT) angiogra-
phy of a normal eye obtained with a commercially avail-
able spectral-domain OCT. OCT angiography documents 
the choriocapillaris ( a ) in the center of the macular area. 

OCT angiography of the retinal circulation is also shown 
in comparison with the choroidal circulation, at the level 
of the deep retinal plexus ( b ) and superfi cial retinal 
plexus ( c )       
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with the shadowing artifact from large retinal 
blood vessels, which have lower signal levels and 
more rapidly fl uctuating speckle pattern to occur 
below them (Choi et al.  2013 ). 

 OCT angiogram of the choriocapillaris docu-
ments distinct capillary density and pattern 
depending on the location in the fundus, in agree-
ment with previous characterization on histo-
pathological studies (McLeod and Lutty  1994 ; 
Olver  1990 ; Yoneya  1987 ; Zhang  1994 ). In the 
center of the macula, the choriocapillaris exhibits 
dense reticular or honeycomb appearance, while 
it has less dense and lobular structure toward the 
equator. OCT angiography may be a better tool to 
differentiate choriocapillaris from feeding arteri-
oles and draining vessels, in comparison to struc-
tural en face OCT, because the speckle 
decorrelation is related to the erythrocyte speed. 
Nonetheless, the differentiation between arteri-
oles and venules on OCT angiography has been 
attempted but is still challenging (Choi et al. 
 2013 ). The same agreement between in vivo and 
post-mortem spatial characterization of the cho-
roidal vessels was observed on OCT angiography 
of the inner choroid (Choi et al.  2013 ). Larger 
choroidal vessels have higher fl ow rates and 
therefore can only be visualized with en face 
OCT intensity images, which generates contrast 
from light scattering and fringe washout effects 
instead of speckle decorrelation.     
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6.1         Introduction 

 Various techniques to image retinal, choroidal, 
and optic disc microvascular networks have 
been developed for research purposes and clini-
cal tests in the diagnosis and monitoring of fun-
dus diseases. Color fundus photography, 
fl uorescein angiography (FA), and indocyanine 
green angiography (ICGA) have become stan-
dard methods required for fundus disease man-
agement. However, some disadvantages remain 
with these conventional methods. FA and ICGA 
require exogenous dye injection into the sys-
temic circulation, which carries the risk of aller-
gic side effects. This risk has limited the use of 
FA and ICGA, particularly in private eye clin-
ics. The second is the inability to show three-
dimensional (3D) vascular networks. Vessels, 
particularly capillary networks, of the retina, 
choroid, and optic disc have 3D layered struc-
tures, but it has been diffi cult to focus on layer 
levels on which pathological lesions are 
present. 
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 Optical coherence tomography (OCT) is an 
imaging technology based on the principle of 
low-coherence interferometry and does not 
require the use of exogenous agents or an eye 
contact lens. In addition to its noninvasive nature, 
this technology offers depth-resolved structural 
information with micrometer-scale depth resolu-
tion. OCT has become the most commonly used 
imaging modality for fundus disease and glau-
coma. It enables cross-sectional (B-scan) imag-
ing of the retina/choroid and optic nerve head. 
High-speed imaging with spectral-domain and 
swept-source OCT technologies enables 3D 
imaging, which allows for  en face  visualization 
of the fundus structure. Conventional B-scan 
OCT images are comprised of serial A-scans, 
each of which is constructed according to the 
intensity of light refl ected back from the tissue at 
each depth. OCT angiography is based on the 
same technology as conventional OCT imaging, 
but selectively detects signals associated with 
motion corresponding to blood fl ow in the fun-
dus. Thus, OCT angiography noninvasively visu-
alizes 3D retinal and choroidal vascular networks 
and enables visualization of these networks in  en 
face  sections, as in FA and ICGA. Increasing 
attention has been paid to potential clinical appli-
cations of this technology in retinal ischemic dis-
eases, macular diseases, and glaucoma. The 
promising advantages and current technical limi-
tations of OCT angiography technology are dis-
cussed in this chapter to enhance the clinical use 
of this technology and resolve limitations in the 
future.  

6.2     Optical Coherence 
Tomography Angiography 
Technology 

 Refl ected OCT probe light not only includes 
refl ectivity intensity information from the tissue 
but also other signals associated with motion, 
such as Doppler frequency shifts, speckle vari-
ance, phase variance, and decorrelation signal 
(differences in backscattered OCT signal inten-
sity or amplitude) (Mahmud et al.  2013 ). In the 
fundus, these signals are generated by  fl owing 

blood in the retinal and choroidal circulations. 
Thus, detection of these signals enables the visu-
alization of vascular networks, including arteries, 
veins, and capillaries. Because motion- related 
signals change with time, repeated volumetric 
raster scans (3D scans) (Fig.  6.1 ) allow us to 
obtain information about the locations of motion-
related signals. Here, it is technically important 
to repeat several volumetric raster scans at a pre-
cisely identical location of interest. Involuntary 
eye movement during fi xation, particularly in 
patients with visual acuity loss, decreases accu-
racy. To overcome this problem, the application 
of an eye tracking system is useful. Registering 
and merging horizontal and vertical scans to 
obtain a single motion-corrected 3D data cube is 
another useful method. In any event, these OCT 
angiography scans are enabled by the high imag-
ing speeds achieved through Fourier-domain 
OCT technology.

   An  en face  view of motion-related signals pro-
vides OCT angiography images, the same as fun-
dus photography, FA, and IA. Here, both 
refl ectivity intensity-based and OCT angio-
graphic images are obtained together and corre-
spond spatially (Fig.  6.2 , a prototype OCT 
angiography for RS-3000 Advance [NIDEK 
CO., LTD, Gamagori, Japan]). OCT refl ectivity 
intensity-based images can be used as a topo-
graphical map for OCT angiographic images.

6.3        Is Optical Coherence 
Tomography Angiography 
an Alternative to Dye 
Angiography? 

 Because OCT angiography does not require the use 
of exogenous dye, physicians may expect this new 
method to be an alternative to dye angiography. 
Although the visualization of retinal capillaries as 
seen in OCT angiography appears to be similar to 
that of FA, there are some essential differences in 
the resulting clinical information between the 
methods. In OCT angiography, dye leakage and 
pooling, which correspond to blood plasma leak-
age and pooling, cannot be detected. This is a criti-
cal disadvantage of OCT  angiography, because dye 
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leakage and pooling are clinically important fi nd-
ings to detect macular edema and active retinal and 
choroidal neovascularization (CNV) in the diagno-
sis and management of retinal and macular dis-
eases. Thus, OCT angiography alone cannot be an 
alternative to dye angiography. However, serial 
OCT B-scans (a refl ectivity intensity image) allow 
for the detection of intraretinal cystoid spaces and 
serous retinal detachment. Therefore, the use of 
angiographic OCT images taken together with 
OCT B-scan images enables us to manage retinal 
and macular diseases, even without FA or IA. OCT 
angiography allows for the depth resolution of vas-
cular structures, which is not feasible in FA. This is 
expected to be a  potentially powerful advantage of 

OCT angiography, as discussed in the next section. 
Importantly, because OCT angiography does not 
require the use of exogenous agents, it can be per-
formed at every visit without the risk of allergic 
side effects. OCT angiography can provide addi-
tive clinical information that conventional angiog-
raphy cannot; thus, it is recommended that OCT 
angiography be used in combination with conven-
tional angiography for an accurate diagnosis, par-
ticularly for the diagnosis of rare diseases. However, 
the use of both refl ectivity and angiographic OCT 
imaging may be enough to manage well-defi ned 
common pathologies, such as macular edema and 
serous retinal detachment, in eyes with diabetic 
maculopathy and retinal vein occlusive diseases.  

3D imaging
(allows en face image acquisition)

Time detects motion

“4D”

  Fig. 6.1    Repeated raster 
scans at the same location 
of interest for OCT 
angiography imaging       

Reflectivity: intensity-based
imaging (“OCT”)

Motion: contrast-based imaging
(“OCT angiography”)

An en face image

A representative 
B-scan image

  Fig. 6.2    Perifoveal capillary imaging       
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6.4     Advantages of Optical 
Coherence Tomography 
Angiography Over Dye 
Angiography 

 The most powerful advantage of OCT angiogra-
phy technology is the capability to resolve a 3D 
capillary network. The retinal capillary network is 
comprised of four layers: the retinal nerve fi ber 
layer (RNFL), and the superfi cial, intermediate, 
and deep capillary plexus layers (Iwasaki and 
Inomata  1986 ; Snodderly and Weinhaus  1990 ; 
Snodderly et al.  1992 ). It is possible that the for-
mation of retinal capillary pathologies in each 
layer, such as capillary non-perfusion and micro-
aneurysms, differs among cases, and these differ-
ences may infl uence visual prognosis and response 
to treatment. In fact, retinal artery occlusive dis-
eases reportedly showed different and variable 
involvement of the superfi cial and intermediate/
deep capillary plexus layers (Yu et al.  2015 ). In 
particular, 22 % of eyes with retinal artery occlu-
sive diseases had isolated deep capillary ischemia 
producing paracentral acute middle maculopathy 
while sparing the superfi cial capillary plexus, but 
the fl uorescein angiographic appearance was nor-
mal (Yu et al.  2015 ). Although these fi ndings were 
obtained from the increased refl ectivity in each 
retinal layer as an indirect sign of ischemia, OCT 
angiography enables the direct observation of cap-
illary perfusion and non-perfusion. 

 We have tried to resolve each of the four reti-
nal capillary plexus layers based on a retinal 
layer segmentation method (Figs.  6.3  and  6.4 ). A 
raster scan for 3D OCT imaging can provide both 
refl ectivity intensity and motion contrast signals 
that correspond to each other spatially. A seg-
mentation algorithm to detect layer boundaries 
on refl ectivity intensity B-scans allows for the 
determination of boundaries between the RNFL 
and ganglion cell layer (GCL), between the inner 
plexiform layer (IPL) and inner nuclear layer 
(INL), and between the INL and outer plexiform 
layer (OPL). Angiographic images between the 
posterior boundary of the RNFL and the line of 
 x -pixels (1 pixel = 31.4 μm) anterior to the RNFL 
are defi ned as the RNFL capillary plexus 
(RNFLP) (Fig.  6.3 ). Angiographic images 

between the two lines of  y -pixels anterior and 
posterior to the anterior boundary of the INL are 
defi ned as the intermediate capillary plexus 
(ICP). Angiographic images between the two 
lines of  z -pixels anterior and posterior to the pos-
terior boundary of the INL are defi ned as the 
deep capillary plexus (DCP). Angiographic 
images between the RNFLP and ICP are defi ned 
as the superfi cial capillary plexus (SCP). 
Capillary patterns on  en face  images were com-
pared by changing the numbers of  x ,  y , and  z  
pixels.

    Figure  6.4  presents  en face  images of the four 
retinal capillary plexus layers when  x ,  y , and  z  
were set to 5. The RNFL appearance shows a stri-
ated pattern of capillaries along the retinal nerve 
fi ber bundles. The SCP, ICP, and DCP images 
each show different capillary network patterns. 
We found two major problems in depicting each 
of the four retinal capillary plexus layers. One 
was that the RNFLP around the fovea and tempo-
ral raphe could not be depicted. Figure  6.5  indi-
cates that visualization of RNFLP appearance is 
improved when the value of  x  in Fig.  6.3  is 
changed from 1 to 6. At least 3 pixels are neces-
sary to depict the RNFLP. However, even if the  x  
value is increased to 6, the RNFLP around the 

  Fig. 6.3    A schema showing the capillary layer segmenta-
tion method in which four retinal capillary plexus layers 
were defi ned based on layer boundary segmentations of 
refl ectivity intensity optical coherence tomography 
B-scans. In the retinal nerve fi ber layer ( RNFL ), the capil-
lary plexus ( RNFLP ), superfi cial capillary plexus ( SCP ), 
intermediate capillary plexus ( ICP ), and deep capillary 
plexus ( DCP ) are present within the RNFL, from the gan-
glion cell layer ( GCL ) to the RNFL, along the anterior 
boundary of the inner nuclear layer ( INL ), and along the 
posterior boundary of the INL, respectively. Each capil-
lary plexus was defi ned using the segmentation 
boundaries       
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RNFLP SCP ICP DCP

  Fig. 6.4    Four retinal capillary plexus images acquired by 
OCT angiography. OCT angiographic signals are shown 
as  white  ( upper column ) and  black  ( lower column ). 

 RNFLP  retinal nerve fi ber layer capillary plexus,  SCP  
superfi cial capillary plexus,  ICP  intermediate capillary 
plexus,  DCP  deep capillary plexus       

x = 1 pixel

x = 4 pixels

x = 2 pixels

x = 5 pixels

x = 3 pixels

x = 6 pixels

  Fig. 6.5    Retinal nerve fi ber layer capillary plexus appearance when the value of “x” in Fig.  6.3  is changed from 1 to 6       
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temporal raphe cannot be visualized. This prob-
lem is likely attributable to the diffi culty in seg-
menting the very thin RNFL around the fovea 
and temporal raphe (Fig.  6.6 ).

    The second problem was a partial overlap of 
capillary patterns between the SCP and ICP 
(Fig.  6.7 ). This overlap is seen in and outside the 
fovea. This problem may be attributable to the 
anatomy of the retinal capillary plexus and the 
failure to detect motion-related signals in each 
layer selectively. The perifoveal capillary ring, 
as indicated by blue arrows in Fig.  6.7 , is con-
tinuously connected with the SCP and ICP; that 
is, the perifoveal capillary network is not clearly 
shown to have four layers, and perifoveal capil-
laries are shared by the SCP and ICP. This ana-
tomical overlap should be taken into 
consideration when the segmentation results are 
interpreted. The capillaries indicated by red 
arrows in Fig.  6.7  demonstrate that capillaries in 
the SCP are projected onto ICP images, regard-
less of how completely the SCP and ICP are 

separated spatially in the segmented volume. 
This problem may be a methodological failure 
in the OCT angiography algorithm. These over-
laps could not be deleted by changing the value 
of  y  in Fig.  6.3  (Figs.  6.8  and  6.9 ). Appropriate 
values of  y  range from 1 to 5 for SCP imaging 
and from 5 to 11 for ICP imaging. We subtracted 
ICP signals at  y  = 1, 3, 5, 7, and 9 from those at 
 y  = 3, 5, 7, 9, and 11, respectively (Fig.  6.10 ). 
The subtracted images showed an SCP pattern 
when the subtraction was performed from ICP 
signals at  y  = 7 or more, suggesting that ICP 
images at  y  = 7 or more include SCP signals. 
Thus, the best value for  y  for both SCP and ICP 
imaging seems to be 5 for our algorithm. 
However, the current algorithm in our OCT 
angiography technique could not completely 
delete the partial signal overlap, even when the 
segmentation volume was changed. It appears 
that a  z -value of at least 5 is required for clear 
DCP imaging (Fig.  6.11 ) that does not include 
an overlap with the ICP.

RNFL thickness map

  Fig. 6.6    An absence of capillary signal around the fovea and temporal raphe is associated with areas of segmentation 
failure on the RNFL thickness map. The  blue dotted circle  indicates the area without OCT angiographic signals, which 
corresponds to the fovea and temporal raphe       
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SCP (y = 7) ICP (y = 7)

  Fig. 6.7    An example showing a partial overlap of capillary patterns between SCP and ICP.  En face  images in which 
 y  = 7 are shown. Enlarged images of the  red  and  blue dashed squares  are shown on the right side. The  red arrows  indicate 
the vessels that can be seen both in SCP and ICP       

ICP = 1 pixel

ICP = 7 pixels

ICP = 3 pixels

ICP = 9 pixels

ICP = 5 pixels

ICP = 11 pixels

  Fig. 6.8    Superfi cial capillary plexus appearances when the value of “y” in Fig.  6.3  is changed from 1 to 11       
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6.5            Clinical Applications: 
Retinopathy 

 OCT angiography allows for the visualization of 
major pathological vascular features, including 
microaneurysms and capillary non-perfusion, in 
various retinal diseases such as diabetic retinopa-
thy, retinal vein occlusion, and macular telangi-
ectasia (MacTel) (Ishibazawa et al.  2015 ; Jia 
et al.  2015 ). A major interest is differences in the 
imaging of these features between FA and OCT 
angiography. 

6.5.1     Microaneurysm Imaging 

 The retinal capillary pattern appears similar on 
OCT angiography and FA in eyes with diabetic 
maculopathy (Fig.  6.12 ). OCT angiography 
shows microaneurysms as highly refl ective dots, 
which indicates that there is some fl ow within the 

microaneurysms. However, interestingly, some 
microaneurysms detected on FA were not seen on 
OCT angiography (Fig.  6.12 , red arrows), and 
some highly refl ective dots on OCT angiography 
did not correspond to microaneurysms on FA 
(Fig.  6.12 , yellow arrows) (Jia et al.  2015 ). 
Microaneurysms that were undetected by OCT 
angiography may have less fl ow than those 
detectable by FA. If this is true, OCT angiogra-
phy is useful in discriminating active microaneu-
rysms from inactive microaneurysms. Further 
studies are required to determine the phenome-
non that underlies the disagreement. OCT angi-
ography is also able to show the disruption of 
perifoveal capillaries. OCT angiography images 
do not depict leakage and pooling exactly but 
show diffuse signals in areas with perifoveal cys-
toid spaces (Fig.  6.12 , red arrowheads). It is not 
certain whether these signals correspond to 
fl ow within the cystoid spaces or are imaging 
artifacts.

ICP = 1 pixel

ICP = 7 pixels

ICP = 3 pixels

ICP = 9 pixels

ICP = 5 pixels

ICP = 11 pixels

  Fig. 6.9    Intermediate capillary plexus appearances when the value of “y” in Fig.  6.3  is changed from 1 to 11       
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6.5.2        Capillary Layer Levels 
of Microaneurysms, Capillary 
Dilation, and Capillary 
Non-perfusion 

 OCT angiography can demonstrate the capillary 
layer levels of microaneurysms and capillary non-
perfusion (Jia et al.  2015 ). It has been diffi cult 
to determine capillary layer levels where micro-
aneurysms are formed in FA. Figure  6.13  shows 
that a microaneurysm is present in an eye with 
early diabetic retinopathy in the deep  capillary 

plexus layer, as determined by OCT angiography. 
Figure  6.14  shows the presence of microaneu-
rysms and capillary dilation in an eye with MacTel 
type 1 in the superfi cial, intermediate, and deep 
capillary plexus layers, as found by OCT angiog-
raphy. In contrast to FA, leakage from capillaries 
cannot be detected on OCT angiography, which 
helped the observation of the actual dilation of 
capillary vessels as in early-phase FA. Such infor-
mation is useful to deepen our understanding of 
vascular complications  associated with various 
retinal diseases.

=

=

=

=

=

-

-

-

-

-

3Pix 1Pix

5Pix 3Pix

7Pix 5Pix

9Pix 7Pix

11Pix 9Pix

  Fig. 6.10    Subtraction of intermediate capillary plexus images for different values of “y”       
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DCP = 1 pixel

DCP = 7 pixels

DCP = 3 pixels

DCP = 9 pixels

DCP = 5 pixels

DCP = 11 pixels

  Fig. 6.11    Deep capillary plexus appearances when the value of “z” in Fig.  6.3  is changed from 1 to 11       

a b

dc e

  Fig. 6.12    The right eye of a patient with diabetic macu-
lar edema. ( a ) A color fundus photograph. The  green 
arrow  indicates a scan line of the optical coherence 
tomography (OCT) B-scan in (b). ( b ) A vertical OCT 

B-scan. ( c ) An enlarged image from early-phase (23 s) 
fl uorescein angiography (FA). ( d ) An enlarged image 
from late-phase (12 min) FA. ( e ) An  en face  OCT angiog-
raphy image       
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6.5.3         Blood Plasma Filling 
in Cystoid Macular Edema 

 Unexpectedly, blood plasma fi lling in cystoid 
macular edema is observable on OCT angiogra-
phy (Figs.  6.12  and  6.14 ). It is possible that OCT 
angiography detects motion driven by blood 
plasma leakage into cystoid spaces. It is manda-
tory to determine the differences in cystoid space 
visualization between FA and OCT angiography.   

6.6     Clinical Applications: 
Choroidal 
Neovascularization 

 An increasing number of studies have reported 
that OCT angiography can visualize CNV in 
eyes with age-related maculopathy, polypoidal 
choroidal vasculopathy, and retinal angiomatous 

 proliferation. Importantly, OCT angiography 
allows the acquisition of depth-resolved infor-
mation about CNV networks and the time course 
after treatment (Dansingani et al.  2015 ; Huang 
et al.  2015 ; Inoue et al.  2015 ; Jia et al.  2014a ,  
 2015 ; Palejwala et al.  2015 ). In Fig.  6.15 , the 
OCT angiography image in the segmented cho-
roidal depth (violet color) demonstrates abnor-
mally coiled newly formed vessels in regions 
corresponding to those with hyperfl uorescence on 
FA. CNV is more clearly depicted by OCT angi-
ography than by ICGA. A recent study reported 
that OCT angiography revealed the presence of 
a distinct CNV corresponding to IA hyperper-
meability and small undulations in slight retinal 
pigment epithelium (RPE) detachment in chronic 
central serous chorioretinopathy (Quaranta-El 
Maftouhi et al.  2015 ). Thus, it is possible that 
OCT angiography can detect CNV undetectable 
on conventional dye angiography.

FA OCTA

SCP ICP DCP

  Fig. 6.13    Capillary layer levels with microaneurysms in 
the left eye of a patient with early diabetic retinopathy as 
determined by optical coherence tomography angiogra-
phy ( OCTA ). In this case, the OCTA layer images show 

that a parafoveal microaneurysm ( red arrow ) is present in 
the deep capillary plexus ( DCP ) layer.  FA , fl uorescein 
angiography;  SCP , superfi cial capillary plexus;  ICP , 
intermediate capillary plexus       
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6.7        Clinical Applications: 
Glaucoma 

6.7.1     Radial Peripapillary Capillary 
Network Imaging 

 Glaucoma is a progressive disease in which the 
death of retinal ganglion cells (RGCs) occurs 
faster than age-dependent loss following RGC 
axonal injury within the optic disc lamina 
cribrosa. The loss of RGCs appears clinically as 
thinning of the optic disc neuroretinal rim and 
RNFL defects. Because the RNFL is rich in cap-
illaries, forming a radial peripapillary capillary 
network (Fig.  6.16 ), glaucomatous RNFL thin-
ning may appear as a loss of capillary density, as 
seen in Fig.  6.16 . An RNFL defect, which is sim-
ply a decrease in RNFL refl ectivity, is known as 
an early sign of glaucoma. A recent study 
reported that reduced peripapillary retinal perfu-

sion in glaucomatous eyes can be visualized as 
focal defects and quantifi ed using the peripapil-
lary fl ow index and peripapillary vessel density 
with high repeatability and reproducibility (Liu 
et al.  2015 ). A research issue of interest is whether 
the losses of peripapillary capillary fl ow and den-
sity as measured by OCT angiography are accu-
rate indicators of early glaucoma.

6.7.2        Optic Disc Capillary Imaging 

 OCT angiography also allows for the evaluation 
of optic disc capillary perfusion. It was reported 
recently that a dense microvascular network was 
observed in normal optic discs on OCT 
 angiography and was visibly decreased in eyes 
with glaucoma (Jia et al.  2014a ,  b ). The disc fl ow 
index was highly correlated with the visual fi eld 
pattern standard deviation and showed complete 

FA OCTA

SCP ICP DCP

  Fig. 6.14    Capillary layer levels with microaneurysms 
and capillary dilation in the left eye of a patient with mac-
ular telangiectasia type 1 as determined by optical coher-
ence tomography angiography ( OCTA ). In this case, 
microaneurysms ( red arrows ) and capillary dilation are 

seen throughout the capillary layers in the OCTA layer 
images.  FA , fl uorescein angiography;  SCP , superfi cial 
capillary plexus;  ICP , intermediate capillary plexus; 
 DCP , deep capillary plexus       

 

M. Hangai



101

sensitivity and specifi city in discrimination 
between normal and glaucomatous eyes (Jia et al. 
 2014a ,  b ). This is an interesting result suggesting 
that a decrease in optic disc perfusion as mea-
sured by OCT angiography is a highly accurate 
discriminator of glaucoma. 

 Another important target of OCT angiogra-
phy in glaucoma is the lamina cribrosa, which is 
believed to be a principal site of glaucomatous 
injuries to RGC axons. The lamina cribrosa con-
sists of laminar beams of scleral collagenous tis-
sue and occasional elastic fi bers, which generate 
laminar pores through which bundles of RGC 
axons leave the eye. Thus, the lamina cribrosa 
is likely a supporting structure for unmyelin-
ated RGC axons. The lamina cribrosa suffers 
from age-dependent remodeling and shows char-
acteristic atrophic changes in glaucoma such 

as  thinning, posterior bowing, and posterior 
 migration. Most recently, it was reported that the 
lamina cribrosa showed focal defects associated 
with visual fi eld defects, neuroretinal rim thin-
ning, and RNFL defects (Kiumehr et al.  2012 ; 
Takayama et al.  2013 ; Tatham et al.  2014 ). Thus, 
structural changes in laminar structures charac-
teristic of glaucoma may underlie the pathologi-
cal mechanism by which glaucomatous optic 
neuropathy commences and progresses. 

 Each laminar beam includes a single capillary. 
However, FA is not effective for the observation 
of laminar capillaries. Optic disc circulation is 
comprised of four components, including RNFL 
capillaries, prelaminar capillaries, laminar capil-
laries, and retrolaminar capillaries. Although FA 
is able to visualize a gross view of optic disc cir-
culation, it is unable to distinguish laminar 

a b

c d

  Fig. 6.15    Detection of choroidal neovascularization by 
using optical coherence tomography angiography. The 
left eye of a 65-year-old man with unilateral polypoidal 
choroidal vasculopathy. ( a ,  b ) Fluorescein and indocya-
nine green angiography (43 s after dye injection). ( c ) An 
 en face  image from optical coherence tomography (OCT) 

angiography. ( d ) An OCT B-scan in which the  violet color  
indicates the segmentation depth of the choroid. A region 
surrounded by  Red arrowheads  indicates the region where 
a branching vascular network (type 1 choroidal neovascu-
larization) and polypoidal lesions are present.  Red circles  
indicate the area of type 1 choroidal neovascularization       
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a b c

d

  Fig. 6.16    Radial peripapillary capillary imaging by 
using optical coherence tomography angiography as an 
indicator of glaucomatous optic neuropathy. ( a ) Color 
fundus photography. ( b ) Vertical optical coherence 
tomography (OCT) B-scan. ( c ) Grayscale map from a 
standard automated perimetry 24-2 program. ( d ) An  en 
face  OCT angiography image.  Red arrows  indicate a rela-

tively narrow retinal nerve fi ber layer (RNFL) defect that 
corresponds with the lower nasal step visual fi eld defect. 
 Dotted circles  indicate the diffuse RNFL defect corre-
sponding with the large visual fi eld defect in the upper 
panel.  Double arrows  indicate regions with RNFL thin-
ning on OCT B-scan images       

  Fig. 6.17    An  en face  enhanced depth imaging optical 
coherence tomography (EDI-OCT) angiography image of 
the laminar capillary plexus in a normal eye. An  en face  
refl ectivity intensity-based OCT image ( left column ) 

depicts laminar beams and pores, and a corresponding  en 
face  EDI-OCT angiography image ( right column ) depicts 
laminar capillaries within the laminar beams. The laminar 
capillaries are dense throughout the lamina cribrosa       
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 capillaries from the rest of the optic disc capillary 
components. OCT angiography allows for the 
selective visualization of the laminar capillary 
network and the observation of capillaries at arbi-
trary depths (Figs.  6.17 ,  6.18 , and  6.19 ). It has 
been shown that the enhanced depth imaging 
(EDI)-OCT method allows for improved visual-
ization of the lamina cribrosa structure. Therefore, 
the use of EDI-OCT mode is likely more effec-
tive in visualizing laminar capillaries than con-
ventional OCT mode. Importantly, OCT 
angiography is able to depict laminar capillaries 
selectively and at arbitrary depths. When 
observed on EDI-OCT angiography, the lamina 
cribrosa shows a laminar dense capillary plexus 
associated with laminar beams throughout the 
laminar depth in normal eyes. By contrast, lami-
nar capillary signals were apparently defective at 
all laminar depths in an eye with glaucoma 

(Fig.  6.19 ). This fi nding in our pilot study pro-
poses the hypothesis that the lamina cribrosa in 
eyes with glaucoma lacks a healthy capillary cir-
culation and consequently loses its normal 
remodeling response to mechanical injuries, thus 
becoming susceptible to glaucomatous injuries.

6.8           Limitations of the Current 
Optical Coherence 
Tomography Angiography 
Method 

 A limitation of current OCT angiography tech-
nology is that imaging is limited to a small area 
when obtaining high-contrast capillary images. 
The wider the imaging area, the less clear OCT 
angiography images become (Figs.  6.20  and 
 6.21 ). A pixel spacing of at least 12 μm is required 

  Fig. 6.18    Serial  en face  optical coherence tomography angiography images of a normal eye. The laminar capillaries 
are dense throughout the lamina cribrosa at all laminar depths       
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to visualize each of the retinal capillaries clearly 
(Fig.  6.21 ). Therefore, when the OCT imag-
ing speed is 5300 rpm, a 3 mm × 3 mm square 
is the largest area in which OCT angiography 
achieves acceptably clear capillary visualization. 
Unfortunately, this area is smaller than a clini-
cally useful size, such as the macular and poste-
rior pole areas. An increase in imaging speed will 

allow for wider areas of clear capillary imaging. 
Currently, a montage of single OCT angiography 
images over a wider area is a possible solution to 
obtain clear OCT angiography images of larger 
regions (Fig.  6.22 ).

     Another limitation is that OCT angiography 
signals are blocked by retinal lesions such as reti-
nal hemorrhage, hard exudates, and cystoid 

  Fig. 6.19    A comparison of laminar capillary plexus 
images as detected by optical coherence tomography 
(OCT) angiography. The  left columns  show serial  en face  
OCT angiography images of a normal eye, which demon-
strate dense laminar capillaries throughout the lamina 

cribrosa at all laminar depths. The  right column  shows 
serial  en face  OCT angiography images of a glaucoma-
tous eye, which demonstrate defects in OCT angiography 
signals throughout the laminar depths       
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spaces, as well as by refl ectivity intensity-based 
OCT signals. A perifoveal capillary abnormality 
in central retinal vein occlusion and branch retinal 
occlusion is an interesting issue; however, fresh 
retinal hemorrhage, hard exudates, and cystoid 
spaces often accompany a macular lesion and 
almost totally block OCT angiographic signals 
(Fig.  6.23 ). When retinal hemorrhages are not as 
dense, capillary signals in the SCP are well-visu-
alized, but those in deeper layers are almost unde-
tectable. The use of an EDI-OCT method or a 
1-μm probe light source may only slightly 
decrease the signal blockade.

6.9        Future Advances 

 Regardless of the current limitations of OCT 
angiography and OCT hardware, OCT angiogra-
phy will become an increasingly useful tool for 
clinical and research purposes. This is because 
this method does not require exogenous dye injec-
tion and provides different clinical information 
than dye angiography. Higher imaging speeds 

will enable the acquisition of clear OCT angiogra-
phy images in wider areas. In the near future, an 
increase in scanning speed will allow ultra-wide 
fi eld OCT angiography as wide as UWF™ (Optos 
plc, Queensferry House, Scotland, UK), which 
enables us to determine retinal non-perfusion 
areas fully in eyes with diabetic retinopathy and 
vein occlusive disease. Alternatively, automated 
montages may also provide an ultra-wide fi eld 
OCT angiography image. Almost all OCT com-
panies will introduce an OCT angiography func-
tion in their instruments. Thus, OCT angiography 
will be clinically accepted as a useful additive 
method to refl ectivity intensity based-OCT.     
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  Fig. 6.20    Quality of optical coherence tomography 
( OCT ) angiography images and scanning area. The num-
bers of A-scans and B-scans were fi xed at 256 and 256, 

respectively, and only the scan area was changed. The 
wider the scan area, the more unclear the OCT angiogra-
phy image becomes       
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  Fig. 6.21    Quality of perifoveal capillary imaging in opti-
cal coherence tomography angiography. The numbers of 
A-scans and B-scans were fi xed at 256 and 256, respec-

tively, and only the scan area was changed. The wider the 
scan area, the more obscure the perifoveal capillary plexus 
becomes       

  Fig. 6.22    A montage of single  en face  optical coherence tomography images over the posterior pole of a normal eye       
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7.1         Introduction 

 “Biomarker”, a merged word of “biological 
marker”, refers to a broad subcategory of medical 
signs that objectively indicate the state of health 
and well-being of an individual. These can be 
anatomical, biochemical, molecular parameters 
or imaging features. They are measurable by lab-
oratory assay, physical examination or medical 
imaging. In clinical practice, they are useful in 
the refi nement of diagnosis, measuring disease 
progression or predicting and monitoring effects 
of therapeutic interventions. Their source can be 
tissue or body fl uid such as plasma, urine, syno-
vial fl uid or tissue biopsy (Strimbu and Tavel 
 2010 ). Imaging biomarkers target the diseased 
organ or tissue and are hence specifi c indicators. 
The biochemical biomarkers, in contrast, tend to 
integrate information from the entire body. 
Biomarkers hold great promise for customization 
of treatment for the individual as information 
gained from diagnostic or progression markers 
would result in a highly effi cient intervention in 
the disease process. With the introduction of 
imaging biomarkers, improved imaging technol-
ogies are being used for detection of molecules, 
biochemical processes in the retina. These will 
facilitate in early detection, assessment and mon-
itoring of retinal pathologies. Hyperspectral 
imaging, a novel technology, collects informa-
tion from across the electromagnetic spectrum 
for every pixel in an image. Spectral imaging 
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techniques facilitate higher signal-to-noise ratio 
and lower light intensity at the retina in compari-
son with Fourier transform approach.  

7.2     Biomarkers as Surrogate End 
points 

 Biomarkers are often used as surrogate end points 
in clinical trials. They act as surrogates or substi-
tutes for clinically meaningful end points. 
Clinical end points are variables that represent a 
study subject’s health and well-being from the 
subject’s perspective. These end points have the 
potential to defi nitively demonstrate whether 
interventions in a trial are effective or ineffective, 
as well as safe or unsafe. For example “survival” 
is considered the gold-standard clinical end point 
for most HIV trials. To be considered a surrogate 
end point, there must be solid scientifi c evidence 
(epidemiological, therapeutic and/or pathophysi-
ological) that a biomarker consistently and accu-
rately predicts a clinical outcome (Strimbu and 
Tavel  2010 ). This requires the determination of 
relevance and validity. Relevance refers to a bio-
marker’s ability to appropriately provide clini-
cally relevant information to the public, the 
healthcare providers, or the health policy offi -
cials. Validity refers to the need to characterize a 
biomarker’s effectiveness or utility as a surrogate 
end point. The biomarker proposed as a surrogate 
should be capable of being measured objectively, 
accurately, precisely and reproducibly. 
Biomarkers are also important in the develop-
ment of new drug therapies through identifi cation 
of drug targets. They also serve as “progression” 
markers to delineate the development and course 
of a disease. The changes in these progression 
markers can be used to understand the effect of 
therapy in altering the disease process.  

7.3     Biomarkers of Imaging 
in Ocular Diseases 

 Spectral domain optical coherence tomography 
(SD-OCT) with its high-resolution in vivo imag-
ing has proven to be useful in identifying various 

imaging biomarkers in a range of ocular dis-
eases. These include age-related macular degen-
eration, retinitis pigmentosa, diabetic retinopathy 
and epiretinal membrane. SD-OCT-based imag-
ing parameters have also been documented as 
prognostic biomarkers in neurological diseases 
like spinocerebellar ataxia, Huntington’s dis-
ease, Parkinson’s disease and systemic lupus 
nephritis. 

7.3.1     Age-Related Macular 
Degeneration 

 Age-related macular degeneration (AMD) is a 
progressive degenerative disorder leading to 
gradual deterioration of central vision. One of the 
early clinical features in AMD is the appearance 
of drusen. It has been shown histologically that 
photoreceptors overlying and distal to drusen 
undergo degeneration. Ability to use imaging 
biomarkers for detection of cases which are likely 
to progress rapidly will benefi t from early pre-
ventative interventions. SD-OCT and adaptive 
optics have been used to monitor drusen over 
time, for their progression in terms of size and 
their direct effect on the overlying photoreceptor 
layers (Godara et al.  2010 ). With the use of 
microperimetry, functional data of photorecep-
tors can be obtained to correlate with the high- 
resolution structural imaging information. These 
qualitative imaging-based biomarkers provide a 
valuable tool for detecting the earlier stages of 
the disease, tracking progression and monitoring 
treatment response. 

 SD-OCT has also been used for imaging mor-
phology, refl ectivity properties of drusen, quanti-
fying their number and monitoring the 
longitudinal evolution in these characteristics. 
Area, volume, height and refl ectivity of drusen 
are informative features useful for estimating the 
likelihood of progression to exudative AMD 
from an early or intermediate stage (Folgar et al. 
 2016 ). 

 High-density SD-OCT macular volumes have 
been documented to have a potential role in 
the prediction of disease progression risk in cases 
of intermediate AMD (de Sisternes et al.  2014 ). 
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The novel measures of retinal pigment epithelium- 
drusen complex (RPEDC) are obtained by high- 
density SD-OCT. The RPEDC abnormal 
thickening (OCT drusen) and RPEDC abnormal 
thinning volumes are generated by semiauto-
mated segmentation of total RPEDC within a 
5-mm-diameter macular fi eld. OCT drusen vol-
ume changes predict progression to advanced 
AMD with choroidal neovascularization. 
The alteration in RPEDC thinning volume pre-
dicts progression to geographic atrophy. These 
quantitative SD-OCT biomarkers predict 2-year 
AMD progression and may serve as useful bio-
markers for future clinical trials.  

7.3.2     Diabetic Retinopathy 

 A new parameter, “parallelism”, has been pro-
jected to evaluate retinal layer integrity using 
SD-OCT. OCT images are skeletonized, and the 
orientation of segmented lines in the image is 
termed “parallelism”. The orientation of photore-
ceptor layer status at the fovea has been catego-
rized, including continuity of the external limiting 
membrane (ELM) band, inner segment ellipsoid 
zone and the presence of hyperrefl ective foci in 
the outer retinal layers. Parallelism was observed 
to be signifi cantly lower in eyes with diabetic 
macular edema (DME) in comparison with nor-
mal eyes. A positive correlation with visual acu-
ity was also documented. Eyes with an intact 
inner segment ellipsoid zone or ELM band had 
signifi cantly better visual acuity and higher par-
allelism, than eyes with a discontinuous or absent 
inner segment ellipsoid zone or ELM band. 
Signifi cantly higher parallelism and better visual 
acuity were observed in the group without hyper-
refl ective foci in the outer retinal layers. This 
novel image parameter, “parallelism”, serves as a 
potential biomarker to prognosticate visual out-
come in DME (Uji et al.  2014a ). 

 Three different phenotypes have been 
recently characterized in diabetic retinopathy to 
stratify risk of progression to vision-threatening 
complications. Microaneurysm turnover has 
been validated as a prognostic biomarker of 
the development of DME (Cunha-Vaz et al. 

 2014 ). SD-OCT for identifi cation of subclinical 
macular oedema and multifocal electroretino-
gram for providing functional data appear to be 
good candidates for organ-specifi c biomarkers 
for diabetic retinopathy. Disorganization of the 
foveal retinal inner layers and photoreceptor 
ELM disruption have also been documented as 
robust SD-OCT-based imaging biomarkers for 
predicting visual outcome in eyes with center 
involving DME (Sun et al.  2014 ). 

 Recently, certain biomolecules have been 
documented to have an association with disease 
severity and structural alteration in the retina. 
These have the potential to serve as biomarkers 
to prognosticate the visual outcome. An increase 
in serum levels of vascular endothelial growth 
factor (VEGF) and intercellular adhesion mole-
cule- 1 (ICAM-1) has been found to be associ-
ated with an increase in the severity of diabetic 
retinopathy. Further, increase in serum levels of 
these two molecules was also observed to be 
associated with disruption of photoreceptor 
ELM and inner segment ellipsoid zone in dia-
betic retinopathy (Jain et al.  2013 ). Anti-
myeloperoxidase antibody (anti-MPO) is a valid, 
sensitive and specifi c marker for measuring 
the activity of the enzyme myeloperoxidase in 
serum. Myeloperoxidase enzyme has been pro-
posed to be one of the mediators of the infl am-
matory process in diabetic retinopathy. A recent 
study has documented anti-MPO as a biomarker 
for progression of diabetic retinopathy (Sinha 
et al.  2016 ). The role of SD-OCT-based imaging 
of retinal nerve fi ber layer (RNFL) thinning has 
also been documented as a biomarker for disease 
progression in diabetic retinopathy (Srivastav 
et al.  2015 ). SD-OCT- based macular thickness 
parameters central subfi eld and cube average 
thickness have been documented to serve as sur-
rogate markers for prognosticating the disease 
severity. Targeted screening of DME serves as a 
signifi cant indicator for progression of disease 
process within the grade of retinopathy, which 
may not be clinically evident (Ruia and Saxena 
 2016 ; Ruia et al.  2016 ). Thiobarbituric acid reac-
tive substance and nitric oxide have also been 
documented to serve as potential biochemical 
biomarkers (Ruia et al.  2016 ).  
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7.3.3     Epiretinal Membrane 

 “Parallelism” has also been projected to evaluate 
retinal layer integrity in individuals with epireti-
nal membrane. The more parallel the retinal lay-
ers, the better the visual acuity of the individual. 
Parallelism is documented to signifi cantly corre-
late with metamorphosia and visual acuity in 
eyes with ERM (Uji et al.  2014b ).  

7.3.4     Retinitis Pigmentosa 

 Spectral domain optical coherence tomography 
line scans serve as a tool for structural biomark-
ers, and full-fi eld standard automated perimetry 
serve as functional biomarkers in patients with 
autosomal dominant retinitis pigmentosa. The 
total photoreceptor layer and the photoreceptor 
ellipsoid zone width have been documented to 
have a signifi cant correlation with the functional 
biomarker of visual sensitivity obtained on auto-
mated perimetry (Smith et al.  2016 ).   

7.4     Spectral Domain Optical 
Coherence Tomography 
Retinal Imaging Biomarkers 
for Neurological Diseases 

7.4.1     Neuromyelitis Optica 

 SD-OCT-based peripapillary RNFL thickness 
and macular ganglion cell complex thickness 
have been proposed to serve as biomarkers for 
differentiating neuromyelitis optica spectrum 
disorder, multiple sclerosis and healthy controls. 
Visual acuity, contrast vision acuity and 
expanded disability status scale score are other 
biomarkers that have been documented. 
Temporal peripapillary RNFL atrophy has been 
observed to be more severe in patients with mul-
tiple sclerosis without episode of optic neuritis. 
Patients with neuromyelitis optica have been 
observed to show retinal degeneration indepen-
dent of optic neuritis when compared to healthy 
controls (Outteryck et al.  2015 ).  

7.4.2     Huntington’s Disease 

 Enhanced depth imaging SD-OCT has been used 
to image changes in retinal and choroidal struc-
ture in Huntington’s disease and to evaluate any 
potential correlation with the stage of the dis-
ease. Both the choroidal and retinal macula are 
altered in Huntington’s disease and serve as 
potential biomarkers for monitoring neurode-
generation in this disease. No difference was 
observed in peripapillary choroidal and RNFL 
thickness (Andrade et al.  2016 ).  

7.4.3     Parkinson’s Disease 

 SD-OCT and confocal scanning laser ophthal-
moscopy have been used to analyse the morpho-
logical changes in the retina of patients with 
Parkinson’s disease. Peripapillary RNFL thick-
ness and macular thickness and volume are mea-
sured by SD-OCT. Stereometric parameters of 
the optic disc are acquired by Heidelberg Retina 
Tomograph. The macular region and especially 
the foveola with the highest density of photore-
ceptor cells were observed to be more sensitive 
biomarkers (Bittersohl et al.  2015 ).  

7.4.4     Systemic Lupus 
Erythematosus 

 Macular volume and thickness and peripapillary 
RNFL thickness using SD-OCT have been pro-
posed as biomarkers for diagnosing and monitor-
ing neuropsychiatric involvement in SLE. No 
signifi cant difference in retinal thickness or mac-
ular volume was observed between neuropsychi-
atric SLE patients and non-neuropsychiatric SLE 
patients. However, SLE patients as a whole have 
been observed to show signifi cant RNFL and 
macular thinning compared to controls. Temporal 
superior and temporal inferior RNFL thickness 
have been found to correlate with scores of test 
for assessing complex attention. These fi ndings 
suggest that OCT measurements may be indica-
tive of neurodegeneration in SLE and may be a 
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useful biomarker for early cognitive impairment 
in SLE (Liu et al.  2015 ).   

7.5     Hyperspectral Imaging 

 Hyperspectral imaging is a novel imaging tool 
that collects and processes information from 
across the electromagnetic spectrum. The 
recorded spectra have fi ne wavelength resolution 
and cover a wide range of wavelengths. The goal 
of hyperspectral imaging of the retina is to obtain 
the spectrum for each pixel in the image with the 
purpose of identifying materials or detecting 
 biochemical and metabolic processes within the 
retina. Pupillary aperture and the radiant power at 
the retina are the two limitations during applica-
tion of any imaging technique for retinal pathol-
ogy. Spectral imaging techniques facilitate higher 
signal-to-noise ratio and lower light intensity at 
the retina in comparison with Fourier transform 
approach (Harvey et al.  2002 ). 

 Hyperspectral computed tomographic spec-
troscopy provides a feasible method for measure-
ment and analysis of vascular oxygen content in 
the healthy and diseased retina. The images 
obtained clearly distinguish between oxygenated 
and deoxygenated hemoglobin. This serves as a 
potentially useful measure of vascular functions 
enabling early detection of various retinopathies. 
Recent studies have documented the use of this 
technique for measuring intravascular oxygen 
saturation (oximetry) in cases with diabetic reti-
nopathy. In subjects with proliferative diabetic 
retinopathy, oxygen saturation was found to be 
signifi cantly lower in the arteries, whereas it was 
signifi cantly higher in the veins in comparison 
with controls (Kashani et al.  2014 ). 

 Studies on experimental animals have used 
oximetry measurements to study the variation 
during an acute retinal vein occlusion. Retinal 
oximetry measurements, 1 h after induction of 
retinal vein occlusion, revealed a statistically sig-
nifi cant reduction in the intravascular oxygen 
saturation. This decrease was reversible in ani-
mals that spontaneously re-cannulated the vein 
occlusion (Jaime et al.  2012 ). 

 Hyperspectral mapping of macular pigment 
in vivo has been proposed to play a useful role in 
the assessment of subjects with age-related mac-
ular degeneration. Non-negative matrix factor-
ization is used for analyzing the three-dimensional 
full spatial-spectral data cube, wherein the data 
is decomposed to give spectral signatures and 
spatial distribution, in search for the macular 
 pigment absorbance spectrum. Snapshot hyper-
spectral imaging in combination with advanced 
mathematical analysis provides a simple cost-
effective approach for macular pigment mapping 
in vivo (Fawzi et al.  2011 ). 

 The utility of hyperspectral imaging has also 
been studied for the assessment and management 
of primary open-angle glaucoma. A signifi cant 
association between neuroretinal rim differential 
light absorption (a measure of spectral absorption 
properties) and visual fi eld sensitivity has been 
observed (Denniss et al.  2011 ). 

 Amyloidopathic disorders such as Alzheimer’s 
disease present with symptoms years after sig-
nifi cant neurodegeneration. Accumulation of 
pathologic amyloid-β peptides causes neuronal 
death. Direct identifi cation and quantitation of 
soluble amyloid aggregates using spectrophoto-
metric technique have been evaluated to aid in 
early detection of amyloidopathy in Alzheimer’s 
disease. The technique has been found to be use-
ful for monitoring retinal and brain amyloidopa-
thy in studies on experimental animal. With 
retinal amyloidopathy occurring well before that 
in the brain, translation of noninvasive retinal- 
plaque imaging to humans has the potential to 
facilitate early and accurate amyloidopathic dis-
order diagnosis and therapy assessment (Koronyo 
et al.  2012 ).     
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8.1         Introduction 

 Diabetic maculopathy is the most common cause 
of visual impairment in diabetic retinopathy and 
is manifested most frequently as diabetic macular 
edema (DME) (Williams et al.  2004 ). The three 
primary tools used by ophthalmologists in the 
evaluation of diabetic macular edema are slit- 
lamp biomicroscopy, fl uorescein angiography, 
and macular optical coherence tomography 
(OCT). The Early Treatment in Diabetic 
Retinopathy Study (ETDRS) established recom-
mendations for the treatment of DME by defi ning 
clinically signifi cant diabetic macular edema 
(CSDME) as one or more of the following:

    1.    Retinal thickening within 500 μ of the macu-
lar center   

   2.    Hard exudates within 500 μ of the macular 
center with adjacent retinal thickening   

   3.    Retinal thickening one optic disc area or larger 
in size within one disc diameter of the macu-
lar center    

  The ETDRS showed that CSDME leads to 
moderate vision loss in one out of four patients 
within 3 years and that this risk is halved by focal 
laser photocoagulation (from approximately 26 
to 13 %) (ETDRS  1991 ). Clinicians are now 
increasingly adopting the use of intravitreal anti- 
angiogenic agents for the treatment of CSDME, 
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which indeed has become the standard of care in 
most parts of the world. 

 Criteria for CSDME established by the 
ETDRS are based solely on observation by slit- 
lamp biomicroscopy and/or stereo fundus pho-
tography as this study took place before OCT 
was available for clinical use (ETDRS  1991 ). 
Fluorescein angiography has been in use for 
over half a century and can identify vascular 
abnormalities including microaneurysms, neo-
vascularization, intraretinal microvascular 
abnormalities, capillary non-perfusion and 
leakage. However, leakage detected by fl uores-
cein angiography does not necessarily corre-
spond to macular edema (Bhagat et al.  2009 ). 
Only OCT can measure macular thickness 
objectively. This is important because no obser-
vation correlates better with visual acuity in 
DME than axial retinal thickening, although the 
degree to which retinal thickening corresponds 
to visual acuity depends on the pattern of DME 
seen (Network et al.  2007 ; Nussenblat et al. 
 1987 ; Shimura et al.  2011 ). Additionally, OCT 
is the best modality for visualizing and evaluat-
ing pathology of the vitreomacular interface, 
including epiretinal membranes (ERM) and vit-
reomacular traction (VMT), which may con-
tribute to the persistence of DME after focal 
laser photocoagulation or intravitreal pharma-
cotherapy with anti-VEGF, and it can also 
identify patients who may benefi t from pars 
plana vitrectomy (PPV) and membrane peel 
(MP) (Ghazi et al.  2007 ; Capone  2000 ). Finally, 
unlike FA and fundus photography, OCT can 
provide both objective and quantitative assess-
ment of the retina in DME. Thus, it plays a cen-
tral role in the evaluation of DME.  

8.2     Optical Coherence 
Tomography Findings 
in Diabetic Macular Edema 

 Several morphologic patterns of DME have been 
identifi ed using OCT. Several authors have 
described three basic patterns: sponge-like retinal 
thickening, cystoid macular edema, and serous 
retinal detachment (Baskin  2010 ; Panozzo et al. 

 2002 ). Kim et al. proposed an extended classifi -
cation of fi ve patterns (Kim et al.  2006 ):

    1.    Diffuse retinal thickening (Fig.  8.1 )
       2.    Cystoid macular edema (Fig.  8.2 )
       3.    Serous retinal detachment (Fig.  8.3 )
       4.    Posterior hyaloidal traction (Fig.  8.4 )
       5.    Posterior hyaloidal traction with tractional 

retinal detachment (Fig.  8.5 )
       Of these, the most common pattern is diffuse 

retinal thickening (39.5 %), and the least common 
are posterior hyaloidal traction (12.7 %) and trac-
tional retinal detachment (2.9 %) (Ahmadpour-
Baghdadabad et al.  2013 ; Kim et al.  2006 ; Otani 
et al.  1999 ). The other patterns typically do not 
appear in isolation, with the most common com-
bination being diffuse retinal thickening and CME 
(29.0 %). Serous retinal detachment is more com-
mon in males and patients with a serum triglycer-
ide ≥200 mg/dL (Ahmadpour-Baghdadabad et al. 
 2013 ). Patterns that are signifi cantly associated 
with a decrease in visual acuity are diffuse retinal 
thickening, CME, and posterior hyaloidal trac-
tion. Some studies have suggested that the great-
est decrease in vision occurs in the presence of 
CME and posterior hyaloidal traction, but others 
indicate that the degree of visual loss may not 
necessarily correlate with the type of pattern seen 
(Ahmadpour- Baghdadabad et al.  2013 ; Shimura 
et al.  2011 ). While the relationship between reti-
nal thickening and decreased visual acuity is a 
characteristic of DME, it is not observed in macu-
lar edema secondary to other diseases, including 
CRVO, Irvine-Gass syndrome, posterior uveitis, 
and retinitis pigmentosa (Catier et al.  2005 ). 

  Fig. 8.1    Diffuse retinal thickening. SD-OCT showing 
sponge-like swelling, low refl ective, expanded and irregu-
lar areas of the retina, and small amount of subfoveal fl uid       
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 Soliman et al. investigated the morphological 
patterns of DME and identifi ed what they 
believed to be progressive stages. In their scheme, 
stage 1 consists of leakage on FA without any 
changes visible via OCT. Stage 2 consists of 
thickening of the outer nuclear layer (ONL) and/
or Henle’s layer. Stage 3 includes the morpho-
logical changes of stage 2 plus cystic changes of 
the ONL and/or Henle’s layer. Stage 4 is similar 
to stage 3 but also includes cystic changes of the 
inner nuclear layer (INL). Stage 5 has the appear-
ance of stage 4 plus serous retinal detachment. 
Solimon correlated increasing central macular 
thickness as well as decreased BCVA with each 
successive stage (Soliman et al.  2007 ). 

 Kim et al. investigated the response to focal 
laser photocoagulation in eyes with DME and 
diffuse retinal thickening, CME, and/or vitreo-
macular interface abnormalities and found that 
all patterns showed a signifi cant decrease in 

thickening after treatment. Eyes with DME had a 
greater reduction in thickening and improvement 
in visual acuity after treatment than eyes with 
either CME or vitreomacular interface disease, 
and persistent edema after laser treatment was 
more common in the CME and vitreoretinal 
interface anomaly groups (Kim et al.  2009 ). 

 While the ETDRS established focal laser pho-
tocoagulation as the gold standard of treatment 
for CSDME more than 30 years ago, clinicians 
have been increasingly exploring the use of anti- 
VEGF agents for the treatment of DME. Shimura 
et al. followed 143 eyes with DME without any 
history of prior treatment for 12 weeks after a 
single intravitreal injection of 1.25 mg of bevaci-
zumab. Eyes with vitreomacular interface abnor-
malities were excluded from the study, but eyes 
with diffuse macular thickening, CME, as well as 
serous retinal detachment all experienced a 
decrease in foveal thickness after injection. The 
percentage of improvement was signifi cantly 

  Fig. 8.2    Cystoid macular edema. SD-OCT showing 
hypo-refl ective fl uid-fi lled cystic cavities within the outer 
retinal layers, separated by hyper-refl ective septae of neu-
roretinal tissue       

  Fig. 8.3    Serous retinal detachment. SD-OCT showing 
fl uid accumulation between the detached retinal pigment 
epithelium and neurosensory retina       

  Fig. 8.4    Posterior hyaloidal traction. SD-OCT showing 
attached posterior hyaloid inducing some tractional effect 
possibly exacerbating the underlying edema. The hyper- 
refl ective foci with posterior shadowing represent small 
exudates       

  Fig. 8.5    Posterior hyaloidal traction (more severe form)       
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greater in the CME and diffuse retinal thickening 
eyes than in the eyes with serous retinal detach-
ment. Similarly, the visual acuity improved in all 
patterns after injection, but the effect was signifi -
cantly more pronounced in the CME and diffuse 
retinal thickening eyes than in the eyes with 
serous retinal detachment. The foveal thickness 
decreased gradually after injection and reached 
its nadir at approximately 8 weeks in all groups, 
after which thickening began to recur. The mag-
nitude of improvement in foveal thickening was 
inversely proportional to the duration of diabetes 
in CME and diffuse retinal thickening groups, but 
not in the serous retinal detachment group. 
Additionally, for unclear reasons, the CME eyes 
appeared to cluster into two groups: a high- 
sensitivity group with a greater than 40 % maxi-
mal reduction in foveal thickness and a 
low-sensitivity group with a less than 30 % maxi-
mal reduction (Shimura et al.  2013 ). 

 Cheema et al. found a positive treatment effect 
in terms of improved BCVA at 6-month follow-
 up after a mean of 2.05 intravitreal injections of 
bevacizumab in patients with focal cystoid 
edema, which they defi ned as limited retinal 
thickening with cyst formation and preservation 
of the macular contours; they found no signifi -
cant improvement in BCVA in eyes with diffuse 
DME, typical CME, or SRF despite signifi cant 
decreases in central macular thickness. Eyes with 
vitreomacular interface abnormalities were 
excluded from analysis (Cheema et al.  2014 ). 

 While the above studies suggest that different 
patterns of DME as determined by OCT may 
respond differently to intravitreal bevacizumab, 
confl icting data exists. A retrospective study by 
Koytak et al. found no variation in improvement 
in BCVA after a single injection of bevacizumab 
between eyes with diffuse retinal thickening, 
CME, or serous retinal detachment. However, in 
this study, eyes were classifi ed by the predomi-
nant OCT pattern of macular edema (Koytak 
et al.  2013 ). Regardless, some variability may 
exist in the way different authors sort OCT 
images into different patterns of macular edema. 
A well-designed clinical trial might help to clar-
ify the responses of different OCT patterns of 
macular edema to anti-VEGF therapy and 

improve our understanding of appropriate dosing 
intervals. 

 Intravitreal corticosteroids have also been 
used in the treatment of DME. Shimura et al. 
investigated whether the effectiveness of intravit-
real triamcinolone acetonide depended on the 
pattern of DME as determined by OCT. They 
found that while there was no difference in base-
line visual acuity between the groups, and all 
groups experienced an improvement in BCVA 
after treatment with triamcinolone, the improve-
ment was much better in eyes with diffuse retinal 
thickening and CME as compared to eyes with 
serous retinal detachment. Intravitreal triamcino-
lone had no signifi cant effect in eliminating sub-
retinal fl uid in this study (Shimura et al.  2011 ).  

8.3     Macular Thickening 

 The average retinal thickness in an area 500 μ in 
diameter centered on the fovea is 174 ± 18 μ, in 
healthy individuals and almost never exceeds 
216 μ. Central foveal thickness in healthy patients 
is, on average, 152 ± 21 μ. In contrast, a central 
foveal thickness of 200–250 μ or more is consid-
ered by many authors to signify the presence of 
edema (Kim et al.  2009 ). Figure  8.6  demonstrates 
diffuse retinal thickening with loss of the foveal 
contour and epiretinal membrane formation. 
Sánchez-Tocino et al. found a maximal foveal 
thickness of 180 μ in normal subjects. They cal-
culated a sensitivity of 93 % and specifi city of 

  Fig. 8.6    Diffuse retinal thickening with epiretinal retinal 
membrane. SD-OCT showing complete loss of the foveal 
contour with hyper-refl ective signal seen just anterior to 
the neurosensory retina       
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75 % for detecting CSDME when using this num-
ber as threshold for measurements made via the 
manual caliper tool on Zeiss OCT machine, as 
compared to the gold standard ETDRS methods 
(Sánchez-Tocino et al.  2002 ).

   As subtle or focal macular thickening can be 
challenging to see with slit-lamp ophthalmos-
copy; the assessment of macular thickness by 
OCT can be an effective screening tool for the 
detection of DME. Goebel and Kretzchmar- 
Gross compared foveal macular thickness as 
measured by OCT vs standard ETDRS methods 
for the diagnosis of CSDME and determined that 
OCT has a sensitivity of 89 % and specifi city of 
96 % (Goebel and Kretzchmar-Gross  2002 ). 
Most commercial OCT devices produce a macu-
lar thickness map with measurements at the cen-
tral fi xation point (Panozzo et al.  2002 ) and 
ETDRS-like macular areas, making correlation 
with clinical observations according to the 
ETDRS protocol straightforward. Figure  8.7  is 
an example report from a Stratus OCT device. 
Macular thickening correlates with a decrease in 
visual acuity in eyes with diffuse retinal thicken-
ing and CME, but not in eyes with subretinal 
fl uid (Shimura et al.  2011 ).

8.4        Limitations 

 Measurements of retinal thickening will differ 
between OCT machines of different manufacture 
due to dissimilarities in their algorithms for seg-
mentation. In particular, while all devices iden-
tify the vitreomacular interface as the inner 
retinal border, they may differ on the signal used 
to delimit the outer retinal boundary. For exam-
ple, the older versions of the RTVue software 
treat the IS/OS junction as the outer retinal bor-
der, while newer updates of the RTVue software, 
the Cirrus HD-OCT and the Spectralis, use a 
band corresponding to the RPE/Bruch’s mem-
brane/choriocapillaris complex (Hee et al.  1995 ). 
One practical implication of this is that sequen-
tial measurements of macular thickness in the 
same eye made with different OCT implementa-
tions are not directly comparable. Also, different 
OCT devices will have different, proprietary 

normative databases for age, sex, and race (Sikorski 
et al.  2013 ). 

 An additional consideration is that signal 
strength, artifacts, and other imaging defects may 
introduce errors in image segmentation that 
impact the measurement of macular thickness. 
These types of errors include failure to identify 
the inner or outer retinal boundaries, truncation 
of the image due to inappropriate depth, and 
incorrect localization of the foveal center. The 
clinician must be cognizant of these factors when 
interpreting OCT measurements and assessing 
imaging quality. Manual correction of many of 
these types of errors is possible on most commer-
cial OCT platforms. The savvy clinician may use 
false color images to examine subtle retinal struc-
tures, but should be aware that false color may 
also introduce image artifacts (Sikorski et al. 
 2013 ). 

 OCT of the macula in DME best serves the 
retinal physician as an adjective study besides 
careful clinical observation, fundus photography, 
and FA. A Cochrane review designed to evaluate 
the diagnostic accuracy of OCT for detecting 
CSDME concluded that OCT is not suffi ciently 
accurate to diagnose the central type of macular 
edema (Wolf-Schnurrbusch et al.  2009 ).  

8.5     Cystoid Macular Edema 

 Persistent macular edema leads to the formation 
of cystoid spaces consisting of septate pockets of 
fl uid, primarily in the Henle’s layer and the outer 
plexiform layer, but can sometimes also be found 
in the inner plexiform layer. Perifoveal cysts tend 
to localize mainly to the outer retinal layers 
(Otani et al.  1999 ). They appear on OCT as areas 
of hypo-refl ectivity. Figure  8.8  shows typical 
CME with larger cysts in the outer retinal layers 
and the beginnings of small cyst formation in the 
inner layers.

   Ex vivo histological specimens of a small 
number of patients with DME and early 
 OCT- based studies lead to the hypothesis that 
cystoid macular edema results from long-stand-
ing cytoplasmic swelling of the Muller cells, 
leading to their necrosis and the formation of the 
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cystic cavities (Fine and Brucker  1981 ; Yanoff 
et al.  1984 ). More recent high-defi nition OCT 

studies suggest that the fl uid collection may in 
fact be extracellular. Regardless, cellular dys-
function and eventual death does result. 

 In long-standing macular edema, the cystic 
cavities may coalesce into one large foveal cav-
ity (Fig.  8.9 ). Secondarily, these changes may 
produce OCT fi ndings consisting of obscura-
tion of the normal laminar structure, fl attening 
of the foveal depression, and retinal thickening. 
Cysts may enlarge in size to span the full thick-
ness of the retina which may lead to atrophy 
and profound loss of vision. Figure  8.10  shows 
such an eye with severe CME and disruption of 
the outer segments. Fluid can be seen under-
neath the  neurosensory retina in some cases 
(Koleva-Georgieva and Sivkova  2009 ). Cystoid 

  Fig. 8.7    Stratus OCT report. This OCT device produces 
a macular thickness map and reports the average thickness 
in each of nine ETDRS-like regions of the macula. 
Average thickness measurements at various points, 

including the fovea, are tabulated and compared to an age- 
matched normative database. Macular volume is also 
quantifi ed       

  Fig. 8.8    Cystoid macular edema. SD-OCT showing 
large perifoveal cysts in the outer retinal layers. Small 
cysts are seen in the inner rental layers       
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changes are less common in macular edema 
secondary to ERM alone than it is in DME 
(Otani et al.  2010 ).

8.6         Disruption of the Outer 
Retinal Layers 

 The external limiting membrane (ELM) and the 
junction between the photoreceptor inner and 
outer segments (IS/OS junction), recently know 
the ellipsoid zone, are well visualized as hyper- 
refl ective lines within the outer retina on OCT. It 
has been shown that disruption of these layers is 
associated with poorer visual acuity as well as 
decreased sensitivity by microperimetry in DME 
(Brar et al.  2010 ; Hatef et al.  2011 ; Maheshwary 
et al.  2010 ; Otani et al.  2010 ; Pendergast et al. 
 2000 ; Yohanan et al.  2013 ). Unsurprisingly, fi nal 
visual acuity correlates with status of the photo-

receptor layer. Figure  8.11  depicts an atrophic 
retina with loss of the outer segments due to mac-
ular ischemia from chronic DME.

8.7        Abnormalities 
of the Vitreomacular 
Interface 

 The presence of vitreomacular traction provides 
a stronger indication for surgery vs pharmaco-
logic therapy or laser treatment in patients with 
DME. The Diabetic Retinopathy Clinical 
Research Network Writing Committee (DRCR.
net) has shown positive treatment effects of vit-
rectomy on DME in eyes with vitreomacular 
traction (DRCR.net  2010 ). The precise role of 
vitreomacular traction in the pathogenesis of 
DME is unclear, but Nasrallah et al. have noted 
that macular edema is more commonly present 
when the overlying posterior hyaloid is attached 
(Nasrallah et al.  1988 ). Pendergast et al. sug-
gested that vitrectomy with removal of the poste-
rior hyaloid face was benefi cial in some eyes that 
were unresponsive to laser therapy with diffuse 
diabetic macular edema and a taut posterior hya-
loid (Pendergast et al.  2000 ). In the context of the 
present discussion, however, it is important to 
note that OCT was used neither in the evaluation 
of the vitreomacular interface nor in macular 
edema in this study; evaluation was performed 
with slit-lamp biomicroscopy (Capone  2000 ). 
OCT has been shown to be more sensitive at the 
detection of posterior vitreous detachment than 
slit-lamp exam, so it is possible that had OCT 
been used in this study that the results may have 
been less pronounced (Akiyama et al.  2015 ). 
Indeed, a recent study using swept-source OCT 
actually revealed a strong correlation between 
CME and PVD (Abe et al.  2013 ). Another work 
indicates that subtle tractional effects that may be 
invisible on cross-sectional OCT can become 
apparent as fi ne folds when viewed using three-
dimensional OCT. Abe et al. found that such eyes 
had improvement in macular edema after internal 
limiting membrane (ILM) peeling, but clinical 
signifi cance of this is unclear; ILM peeling is 
known to improve edema, but some studies have 

  Fig. 8.9    Cystoid macular edema. SD-OCT showing 
small cysts that have coalesced to form one large cyst       

  Fig. 8.10    Severe cystoid macular edema. SD-OCT 
showing cystic cavities that have expanded to involve the 
full thickness of the retina. Concomitant disruption of the 
outer segments can be seen       
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shown no impact on long-term outcomes, and 
others have indicated potentially deleterious 
effects including dissociation of the NFL and 
weakening of the b-wave on ERG (Mitamura and 
Ohtsuka  2005 ; Terasaki et al.  2003 ).  

8.8     Other Findings 

 The dilated lumen of retinal microaneurysms can 
clearly be seen on high-defi nition OCT as a mod-
erately refl ective area circumscribed by more 
refl ective walls. The anterior and posterior vessel 
walls usually appear hyper-refl ective relative to 
the lateral walls, which is most likely due to a 
higher axial than transverse resolution, but may 
also be secondary to scattering from the blood 
accumulated in the microaneurysms (Bolz et al. 
 2009b ). 

 Intraretinal and vitreous hemorrhages are 
hyper-refl ective and may produce posterior shad-
owing (Akiyama et al.  2015 ). Similarly, hard 
 exudates appear on OCT as small foci of hyper-
refl ectivity accompanied by posterior shadowing 
(Fig.  8.12 ) (Akiyama et al.  2015 ; Otani et al. 
 1999 ; Sull et al.  2009 ). These can be found in both 
the foveal and extrafoveal regions, most com-
monly in the outer plexiform and outer nuclear 
layers (Hatef et al.  2011 ; Otani et al.  1999 ). 
Actually, tiny refl ective foci can be seen in all 
 layers of the retina in all eyes with clinically 

 signifi cant DME. They are found in all layers of 
the retina and not visible by FA, infrared imaging, 
fundus biomicroscopy, or fundus photography. In 
fact, they are seen only in gray-scale cross-sec-
tional images and are obfuscated by false color. 
Bolz et al. postulate that these well- demarcated 
foci represent small proteinaceous or lipid depos-
its and, when they become confl uent, can be 
appreciated as hard exudates (Bolz et al.  2009b ).

8.9        Correlation with Fluorescein 
Angiography 

 Several leakage patterns in FA of DME corre-
spond to patterns of edema or morphologic 
changes that can be seen on OCT images. While 
leakage on FA is not necessary to make the diag-
nosis of CSDME, it has been used to identify 
sites of anomalous vascular permeability within 
the fundus that can be targeted with focal or grid 
laser photocoagulation. Understanding the corre-
sponding changes in OCT images can further 
help the clinician plan and administer treatment. 

 The severity of leakage on FA is correlated 
both with the severity of outer retinal thickening 
and cystic changes of the inner and outer retina. 
Capillary non-perfusion on FA is associated with 
loss of the inner retinal layers on OCT 
(Fig.  8.11 ) (Sull et al.  2009 ). Large foveal cysts 
on OCT correspond to a petaloid leakage pattern 

  Fig. 8.11    Macular atrophy. SD-OCT showing macular ischemia secondary to diabetic macular edema. There is atro-
phy of the retina with loss of the outer segments       
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on late- phase FA. A honeycomb-like appearance 
of leakage is produced by smaller perifoveal 
cysts (Otani  2007 ; Yeung et al.  2009 ). Cross-
sectional OCT imaging reveals that the large cyst 
in the petaloid leakage pattern exists within the 
ONL and OPL and may be associated with sub-
retinal fl uid in 30 % of cases, while the smaller 
cysts of the honeycomb pattern may be found in 
ONL, OPL, INL, and IPL (Bolz et al.  2009a ). It 
is hypothesized that the petaloid pattern of cyst 
formation in the center of macula is due to 
oblique aligned fi bers of the outer plexiform 
layer in this area; the honeycomb pattern in the 
surrounding area occurs where the fi bers become 
arranged more vertically. In a study by Ikeda 
et al., the honeycomb pattern occurred only in 
eyes with an attached posterior hyaloid. They 
concluded that traction of the macula by the pos-
terior hyaloid membrane may distort the tissue 
and decrease retinal tissue pressure, which com-
bined with the increased vascular permeability of 
diabetic retinopathy and produce the honeycomb 
pattern on FA (Ikeda et al.  1999 ). 

 In contrast, there is no association between 
serous retinal detachment as detected by OCT and 
any leakage pattern on FA (Yeung et al.  2009 ). 

Similarly diffuse hyperfl uorescence is associated 
with a number of morphological patterns on OCT 
and does not correlate any specifi c OCT fi ndings 
(Bolz et al.  2009a ).  

8.10     Conclusions 

 OCT has provided new insights into the patho-
anatomy of CSDME at the tissue level. It 
reveals that several patterns of diabetic macu-
lar edema exist. This may have prognostic 
implications in terms of visual outcomes and 
responses to treatment, in particular, anti-
angiogenic agents and intravitreal corticoste-
roids. OCT is far more sensitive than clinical 
examination at identifying abnormalities of 
the vitreomacular interface, and this can help 
the retinal physician identify good candidates 
for surgery. OCT is the only modality avail-
able for accurately measuring the macular 
thickness, which is a sensitive parameter for 
identifying diabetic macular edema and has a 
strong correlation with visual acuity, in certain 
patterns of edema. OCT, in conjunction with 
FA and slit-lamp biomicroscopy, is thus an 

  Fig. 8.12    Hard exudates. SD-OCT showing pinpoint hyper-refl ective foci in these en face and cross-sectional images. 
 Green arrow  shows the cross-section of image taken       
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essential tool for the evaluation and treatment 
of diabetic macular edema in the modern era.     
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9.1         Introduction 

 Diabetes mellitus is attaining epidemic magni-
tudes worldwide (Bjork et al.  2003 ). Diabetic 
macular edema (DME) is the most common 
cause of vision loss in diabetic retinopathy 
(Sharma et al.  2005 ). A good correlation between 
macular thickness parameters, assessed by spec-
tral domain optical coherence tomography 

(SD-OCT), and visual acuity has been observed 
by several studies (Kim et al.  2006 ; Martidis 
et al.  2002 ; Strom et al.  2002 ; Yamamoto et al. 
 2001 ). However, recent reports show only a weak 
correlation between central retinal thickness and 
visual acuity in DME (Nunes et al.  2010 ). This is 
suggestive of a role of disruption of the micro-
structural architecture of retina for impairment of 
visual acuity. 

 The optical biopsy of the foveal region, with 
ultrahigh resolution SD-OCT, identifi ed four dis-
tinct bands in the outer retina. An international 
panel (Staurenghi et al.  2014 ) for consensus on 
the nomenclature of structures visible on OCT 
has brought an end to disputed anatomic attribu-
tions. The panel has ascribed the term  band  to the 
retinal layers signifying their three-dimensional 
structure. The term  zone  has been ascribed to the 
tissue structures whose anatomic correlate cannot 
be clearly delineated. The innermost of the four 
distinct bands in the outer retina is designated to 
be the external limiting membrane (ELM), a lin-
ear confl uence of junctional complexes between 
Muller cells and photoreceptors. The second 
hyperrefl ective layer correlates to the inner seg-
ment ellipsoid zone (EZ) of photoreceptors 
(Fig.  9.1 ). The third layer correlates to the inter-
digitation zone between cone outer segment tips 
and apical processes of the retinal pigment epi-
thelium (RPE). The outermost highly refl ective 
zone represents the retinal pigment epithelium 
(RPE)/Bruch’s complex.
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   Using ultrahigh resolution SD-OCT images of 
human foveal cone photoreceptors, Fernandez 
et al. in  2008  identifi ed the ellipsoid and myoid 
segments of the inner segment of photoreceptors. 
Spaide and Curcio in  2011  studied a model draw-
ing of the outer retina (drawn to scale) based on 
published histology and concluded that the sec-
ond band initially ascribed as inner segment- 
outer segment (IS-OS) junction of photoreceptor 
was essentially the EZ of the photoreceptor 
(Srinivasan et al.  2006 ). Lu et al. in  2012  sec-
onded this concept by using an anatomical model 
of the outer retina from the leopard frog to cor-
relate the second band to EZ. 

 With the cellular level resolution obtained by 
SD-OCT, multivariate analysis demonstrated a 
statistically signifi cant relationship between 
visual acuity and percentage disruption of 
EZ. Recently, a signifi cant correlation between 
macular thickness parameter and disruption of EZ 
with increasing severity of diabetic retinopathy 
has also been documented (Saxena et al.  2015 ).  

9.2     Classifi cation Systems 
for Ellipsoid Zone Disruption 

     A.    Maheshwary et al. evaluated the EZ on hori-
zontal and vertical scans of SD-OCT images in 
patients with DME. Disruption of EZ within 
500 microns of the fovea was assessed and 
graded from 0 to 2 as follows:
•    Grade  0: Intact EZ  
•   Grade 1: Focal EZ disruption of 200 

microns or less in length  
•   Grade  2: EZ disruption greater than 200 

microns in length        

 A statistically signifi cant correlation between 
percentage disruption of the EZ and visual acuity 
was found. A convincing trend suggesting a 
decrease in visual acuity with increasing macular 
volume was documented. Percentage disruption 
of the EZ was recognized as an important predic-
tor of visual acuity among DME patients 
(Maheshwary et al.  2010 ).

    B.    Jain et al. gave the grading system of disrup-
tion of ELM and EZ in patients with diabetic 
retinopathy. The occurrence of disruption of 
the ELM prior to disruption of the photore-
ceptor EZ was pointed out for the fi rst time. 
This was based on the grounds of work done 
by Omri et al. in  2010 , who lay emphasis on 
ELM being considered as a third retinal bar-
rier. They reported that the RPE cell barrier 
junctions and ELM share common proteins 
like occludin. Decrease in the content of 
occludin at the level of ELM along with 
swelling of Muller cells is responsible for 
cyst formation in DME. The shortening of the 
photoreceptor EZ was documented to be a 
secondary consequence of the fragmented 
ELM by Mehalow et al. in  2003 .    

  EZ and ELM band disruption were graded as 
follows (Jain et al.  2013 ):

•    Grade 0: No disruption of ELM and EZ  
•   Grade 1: ELM disruption, intact EZ  
•   Grade 2: Both ELM and EZ disrupted    

 Several studies have concluded that the status 
of ELM and EZ is closely associated with visual 
acuity in diabetic retinopathy (Chhablani et al. 
 2012 ; Ito et al.  2013 ; Ko et al.  2004 ; Otani et al. 
 2010 ; Shin et al.  2012 ). Yamauchi et al. proposed 
that the origin of the EZ and ELM was related to 
the biological activities of the photoreceptor cells. 
They studied the ELM and EZ in brown Norwegian 
rats and found that the EZ and ELM disappeared 
after euthanasia (Yamauchi et al.  2011 ). Increase 
in the level of severity of diabetic retinopathy 
results in decreased biological activity of the ELM 
and EZ, which in turn results in the disruption of 
these layers and a decrease in visual acuity.

  Fig. 9.1    SD-OCT showing intact inner segment ellipsoid 
zone ( red arrow )       

 

S. Saxena et al.



131

    C.    Sharma et al. put forward a simplifi ed, com-
prehensive, and physician-friendly approach 
to grading EZ disruption based on OCT imag-
ing of macula:
•    Grade 0: Intact EZ  
•   Grade 1: Focal disruption (localized, sub-

foveal EZ disruption)  
•   Grade 2: Global disruption (generalized EZ 

disruption throughout the macular cube)       

  The grade of subfoveal ELM and EZ disrup-
tion was associated with an increase in the sever-
ity of diabetic retinopathy and a decrease in 
visual acuity (Fig.  9.2 ). Global EZ disruption 
was associated with marked decrease in visual 
acuity as compared to “focal” disruption (Sharma 
et al.  2014 ). 

 Although the pathogenesis of diabetic retinop-
athy is not completely understood, several risk 
factors have been established. These include poor 
glycemic control, dyslipidemia, alteration in lev-
els of serum urea, and serum creatinine 
(Ashakiran et al.  2010 ; Bloomgarden  2007 ). A 
number of interconnecting biochemical pathways 
have been proposed as potential links between 
hyperglycemia and diabetic retinopathy. These 
include increased expression of biomolecules 
such as vascular endothelial growth factor 

(VEGF), accelerated formation of advanced gly-
cation end products (AGEs) like N-carboxy 
methyl lysine (N-CML), increase in oxidative 
stress markers, and leukostasis (Moore et al. 
 2003 ; Murata et al.  1995 ; Sebekova et al.  2002 ; 
Zong et al.  2011 ). VEGF is known to induce reti-
nal expression of intercellular adhesion mole-
cule-1 (ICAM-1) in turn initiating retinal 
leukocyte adhesion and blood-retinal barrier 
breakdown (Lu et al.  1999 ). Studies have docu-
mented a strong correlation between disruption 
of EZ and increase in levels of these biomole-
cules in diabetic retinopathy. A positive associa-
tion between increasing serum levels of N-CML, 
VEGF, and ICAM and disruption of EZ has been 
reported by Saxena et al. in  2014 . Disruption of 
EZ and ELM has been documented to have a 
positive association with serum levels of VEGF 
and ICAM by Jain et al. in  2013 . Recently, a sig-
nifi cant association between disruption of ELM 
and EZ with increased levels of serum choles-
terol, low- density lipoprotein, and triglycerides 
has also been determined (Jain et al.  2015 ). 
Sharma et al. in  2015  ascertained a signifi cant 
correlation between increased severity of reti-
nopathy and increase in oxidative stress. 
Oxidative stress was indicated by an increase in 
lipid peroxidase, decrease in glutathione, and 

  Fig. 9.2    SD-OCT showing ( a ) focal and ( b ) global disruption of inner segment ellipsoid zone with corresponding reti-
nal thickness segmentation maps       
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increase in nitrosative stress parameters. These 
studies have increased the understanding of the 
structural and functional alterations of the retina 
in diabetic retinopathy.

    D.    Helmy et al. put forward a new classifi cation 
system for DME, utilizing the ratio between 
the vertical height of the largest macular cyst 
and the maximum measured macular thick-
ness, as observed on OCT imaging (Helmy 
and Atta Allah  2013 ). The four classifi cation 
groups were as follows:
   CME I – Cysts less than 30 % of macular 

thickness  
  CME II – Cysts between 30 and 60 % of mac-

ular thickness  
  CME III – Cysts between 60 and 90 % of 

macular thickness  
  CME IV – Cyst more than 90 % of macular 

thickness       

  Each grade was then subdivided according to 
certain morphologic features using labels “A,” 
“B,” “C,” and “D.”

   A – Cysts without any disruption to the ELM or EZ  
  B – Cysts with ELM disruption  
  C – Cysts with EZ disruption  
  D – Cysts with disruption of both ELM and EZ    

 Presence of hyperrefl ective foci in the outer 
retinal layers from the ELM to the RPE within 
the 1 mm of fovea was designated with “+” signs. 
These hyperrefl ective foci represent tiny intra-
retinal protein and/or lipid deposits (Bolz et al. 
 2009 ). Inclusion of hyperrefl ective foci provide 
valuable information on the degree of blood-reti-
nal barrier breakdown and its infl uence on visual 
acuity.

    E.    Another classifi cation system was proposed 
to overcome the limitation of variability in the 
refl ectivity levels of continuous EZ seen on 
SD-OCT. For this, transverse length of each 
disrupted EZ was quantifi ed. Classifi cations 
were as follows:
•    Intact line – highly refl ective and continu-

ous line (physiologic)  

•   Faint line – presence of a continuous line 
with lower refl ectivity (less than half of the 
OCT refl ectivity of the RPE)  

•   Disrupted line – absent or discontinuous 
line       

  SD-OCT refl ectivity of the ELM band was 
similarly analyzed. Relatively homogeneous and 
continuous ELM bands were described as  intact . 
Absent or discontinuous ELM bands were 
described as  disrupted  (Murakami et al.  2012 ).

9.3        Integrity of Ellipsoid Zone 
and Pharmacological/
Surgical Intervention 

 Few interventional studies have evaluated the role 
of the integrity of ELM and EZ on SD-OCT as a 
prognostic factor for visual outcome post- 
pharmacologic and surgical intervention. A 
statistically signifi cant association was found 
between visual acuity and intact ELM and EZ post-
pars plana vitrectomy with internal limiting mem-
brane peel for DME (Yanyali et al.  2011 ). 

 Restoration of EZ and ELM was evaluated in 
patients with DME who were successfully treated 
with intravitreal triamcinolone. The integrity of 
EZ was found to correlate well with fi nal visual 
acuity post-intervention. On multivariate analy-
sis, the mean length of disrupted EZ and ELM 
band showed greater correlation to visual acuity 
than the length of either disrupted EZ or ELM 
band taken alone. The initial visual acuity (prior 
to treatment) and photoreceptor status both were 
found to assist in predicting the posttreatment 
recovery of EZ and subsequent visual recovery 
(Shin et al.  2012 ). 

 In a study by Chung et al. pre- and post-inter-
vention assessment of visual acuity, fundus auto-
fl uorescence (FAF), and SD-OCT imaging of 
patients with DME who received intravitreal beva-
cizumab were  performed. Foveal FAF was graded 
on a scale of 1–4. Better preinjection visual acuity 
and intact EZ and ELM band were associated with 
better visual acuity after treatment. Signifi cantly 
increased FAF was seen in DME associated with 
disruption of EZ. It was concluded that correlation 

S. Saxena et al.



133

of FAF with SD-OCT and visual acuity can help 
predict the restoration of the integrity of EZ 
(Chung et al.  2012 ). 

 Wakabayashi retrospectively reviewed 41 
eyes of 41 patients with DME who underwent 
vitrectomy. Associations between axial length, 
postoperative visual acuity, and visibility of EZ 
on SD-OCT were studied. Wakabayashi observed 
that median axial length was longer in those with 
a visible EZ at 12 months after surgery and that 
longer axial length predicted better visual out-
comes after vitrectomy in patients with DME 
(Wakabayashi et al.  2013 ). The mechanism of 
this protective effect was not fully elucidated, but 
a similar relationship has been established 
between axial length and DME, as well as dia-
betic retinopathy itself (Man et al.  2012 ). This 
protective effect is presumed to be secondary to 
an inverse relationship between axial length and 
ocular blood fl ow, a parameter attributed to 
stretch-induced microvascular anatomical 
changes, such as vessel thinning, that appear to 
result in diminished pressure against the vascular 
wall, and a resultant decrease in microvascular 
leakage and damage to retinal microstructure 
(Quigely and Cohen  1999 ).     
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10.1         Introduction 

 Anti-vascular endothelial growth factor (VEGF) 
therapies have changed the dynamics in the man-
agement of patients with diabetic macular oedema 
(DME); increasingly it is the treatment of choice 
when there is extensive oedema in foveal-involv-
ing DME. The role of laser in the anti-VEGF era 
has to be re-examined. Despite the effi cacy of 
laser, the mechanism of laser treatment remains 
unclear. Armed with extensive clinical trial data 
and the experience of using anti-VEGF agents for 
DME, retinal specialists have found that a signifi -
cant number of patients do not respond to anti-
VEGF agents or require continuous monthly 
dosing. In these patients, steroids may be useful 
as an alternative or as adjunct therapy. Less than 
10 years ago, we only had to decide whether to 
laser or not. At the time of writing in late 2015, we 
have three anti-VEGF agents in common use, two 
approved steroids, and several different new laser 
modalities as well as our old friend conventional 
laser. We should also not forget that vitrectomy 
may be useful in some cases, and pharmaceutical 
agent to release vitreomacular adhesion may be 
worth consideration in a few cases.  

10.2     Laser Photocoagulation 

 When laser was fi rst introduced for DME, we 
were taught to “shoot at the red dots”. The red 
dots are microaneurysms, and shooting at them 
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directly suggests that laser works by direct coag-
ulation. Over the years, physicians have noticed 
that oedema may improve even if they missed the 
microaneurysms. Now we have a better under-
standing of the absorption of the laser energy. 
With the commonly used argon laser at the time 
with a blue-green wavelength, the majority of the 
energy is absorbed by the retinal pigment epithe-
lium (RPE). The blood (oxyhaemoglobin) inside 
the microaneurysms (red dots) is not well 
absorbed by the laser, and hence the concept of 
direct coagulation has been brought into doubt. 
Furthermore, clinical studies of treatment of 
DME, comparing argon green and krypton red 
(which are not absorbed by blood) (Olk  1990 ), 
showed no differences in effi cacy. Therefore, it is 
unlikely that direct coagulation is needed to 
reduce oedema. 

10.2.1     Subthreshold Conventional 
Laser as Endpoint 
Management 

 Bandello and colleagues (Bandello et al.  2005 ) 
suggested “light” laser is as effective as “classic” 
laser treatment. Since we now know that laser 
scars (Fig.  10.1 ) are not needed, as anti-VEGF 
does not create any laser scars, yet it is effective 
in reducing oedema in DME, the concept of mov-
ing to lighter treatment is not new.

   Recently, endpoint management (Lavinsky 
et al.  2014 ) proposed that it can reduce collateral 
damage and can still be effective. The concept is to 
reduce the energy, so it is just not visible in colour 
photos, but mild changes appear in optical coher-
ent topography (OCT). So far, there is no prospec-
tive randomised controlled trial to suggest that it is 
effective; however, there is a similar study to sug-
gest that it might not be more effective than modi-
fi ed Early Treatment Diabetic Retinopathy Study 
(ETDRS) laser. The Diabetic Retinopathy Clinical 
Research Network (DRCR.net) (Fong et al.  2007 ) 
compared mild macular grid laser (MMG) with 
modifi ed ETDRS laser treatment, citing the latter 
as the most commonly used method in performing 
laser for DME at the time of the study among the 
network investigators. 

 MMG burns are located over the entire poste-
rior pole from 500 to 3000 microns from the cen-
tre of the macula, without burns within 500 
microns of the optic disc. The burn intensity of the 
grid laser is barely visible (light grey); 200–300 
burns in total are distributed evenly over the treat-
ment area (approx. 2–3 burn widths apart). The 
MMG burns are lighter and more diffuse in nature 
and are distributed over the whole macula in both 
areas of thickened and unthickened retina. 
Microaneurysms are not directly photocoagu-
lated. In contrast, the modifi ed ETDRS laser com-
prised of treating only areas of thickened retina 
(and areas of retinal non-perfusion) and leaking 
microaneurysms. MMG did not show any superi-
ority over modifi ed ETDRS laser treatment. 
However, MMG did work in reducing oedema.  

10.2.2     Subthreshold Micropulse 
Laser 

 The concept of micropulse laser is to deliver 
more energy to the RPE cells without the collat-
eral damage to the neurosensory retina. Laser 
energy is delivered in pulses. For example, using 
a 5 % duty cycle at 200 ms duration, there is a 
very short active (ON) energy (0.1 ms) followed 
by a period of no (OFF) energy (1.9 ms). With 
each “burn” of 200 ms duration, there would be 
100 of these short pulses. The OFF period allows 
the tissue to cool off, and hence more energy can 
be delivered to the targeted tissue (RPE) without 
heating the surrounding neurosensory retina. 

 We have published one of the fi rst prospective 
randomised controlled trials to suggest that 
micropulse laser is as good as modifi ed ETDRS 
treatment but with less scarring (Figueira et al. 
 2009 ) (Fig.  10.2 ).

   Vujosevic and colleagues (Vujosevic et al. 
 2010 ) confi rmed our fi ndings but also showed 
that retinal sensitivity is signifi cantly better in 
patients treated with micropulse laser. 
Furthermore, not only were the laser scars not 
visible on clinical examination, fundus autofl uo-
rescence did not change in the micropulse diode 
laser group even after retreatment. Once we 
understand that micropulse laser works through 
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  Fig. 10.1    Laser scar. SD-OCT showing retinal pigmented epithelial loss and outer retinal disorganisation correspond-
ing to conventional laser scar. ( a – b ) Different examples of conventional laser scars       
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activation of the RPE cells and it does not cause 
any visible collateral damage, it seems to make 
sense to remove the spacing between laser 
“burns”. This was confi rmed in a prospective ran-
domised controlled trial that high-density treat-
ment is more effective (Lavinsky et al.  2011 ) than 
low density and modifi ed ETDRS treatment.   

10.3     Anti-VEGF Agents 

 Several pivotal trials have shown that anti-VEGF 
agents are superior to laser (Korobelinik et al. 
 2014 ; Nguyen et al.  2012 ). In a recent head to head 
comparison of three commonly used anti- VEGF 
agents, bevacizumab, ranibizumab and afl ibercept 
(DRCR.net Protocol T) were able to improve 
visual acuity with 9.7 letters, 11.8 letters and 13.3 
letters, respectively. When the vision was less than 
69 letters (approximately 20/50) at baseline, the 
visual-acuity gain was 11.8 letters, 14.2 letters and 
18.9 letters for bevacizumab, ranibizumab and 
afl ibercept, respectively ( P  < 0.001 for afl ibercept 
vs. bevacizumab,  P  = 0.003 for afl ibercept vs. 
ranibizumab and  P  = 0.21 for ranibizumab vs. bev-
acizumab) (Wells et al.  2015 ). 

 Furthermore, the central subfi eld thickness on 
OCT decreased, on average by 101 ± 121 microns, 
147 ± 134 microns and 169 ± 138 microns, with 
bevacizumab, ranibizumab and afl ibercept, 
respectively. As it is a single study and also the 
treatment protocol was different from that recom-
mended by the dosology of the approved drugs, it 
is unclear how the drug would compare with the 
recommended dosology. Furthermore, the dos-
age of ranibizumab was 0.3 mg, the approved 
dose in the USA for DME, rather than 0.5 mg 
commonly used for AMD and the approved dose 
for DME in most of the world. The latter might 
not be particularly meaningful as the head to 
head of 0.3 mg vs. 0.5 mg did not show any 
meaningful differences between the two dosages 
(Nguyen et al.  2012 ). 

 Nevertheless, the treatment protocol used in 
Protocol T was pragmatic and can be easily imple-
mented. The study drugs were injected into the 
study eyes at baseline and then every 4 weeks 
unless visual acuity was 20/20 or better with a cen-
tral subfi eld thickness below the eligibility thresh-
old, and there was no improvement or worsening in 
response to the past two injections. Improvement 
was considered to be an increase in the visual-acuity 

  Fig. 10.2    Micropulse treatment. ( a ) SD-OCT post-micropulse laser treatment without any visible laser scar. 
( b ) Baseline SD-OCT with diabetic macular oedema       
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letter score of fi ve or more (approximately 1 
Snellen line) or a decrease in the central subfi eld 
thickness of 10 % or more; worsening was consid-
ered to be a decrease in the visual-acuity letter 
score of fi ve or more or an increase in the central 
subfi eld thickness of 10 % or more. 

 Starting at the 24-week visit, irrespective of 
visual acuity and central subfi eld thickness, an 
injection was withheld if there was no improvement 
or worsening after two consecutive injections, but 
treatment was reinitiated if the visual-acuity letter 
score or the central subfi eld thickness worsened. 

 Laser photocoagulation therapy (focal, grid or 
both) was initiated at or after the 24-week visit 
for persistent diabetic macular oedema, defi ned 
on the basis of protocol-specifi ed criteria. 
Treatment for diabetic macular oedema other 
than the randomly assigned anti-VEGF agent or 
laser therapy was permitted if a study eye met the 
criteria for treatment failure. 

10.3.1     Subgroup Analysis Based 
on Baseline OCT 

 As mentioned previously, anti-VEGF agents were 
superior to laser treatment overall; however, anti-
VEGF agents are not suitable for everyone. In 
some cases, it is due to the cost of the drug, in oth-
ers the frequency of the follow up or the concern 
over the associated adverse events of the treatment. 
Hence, it may be useful to consider whether in 
some circumstances, laser might be an alternative. 

 Based on the RESTORE study (Mitchell et al. 
 2011 ), using time-domain OCT, if the central 
subfi eld thickness (CST) is less than 300 microns, 
there were no signifi cant differences in effi cacy 
between laser and ranibizumab treatment groups. 
Bearing in mind, if using most spectral-domain 
(SD) OCT, the value should be near 340–350 
microns, as most SD-OCT measured a CST about 
40–50 microns more. Furthermore, even for those 
between 300 and 400 microns on time-domain 
OCT (i.e. 340–440 microns in SD-OCT), the 
visual gain was about seven letters compared 
with four letters. It is statistically signifi cant but 
might be less clinically meaningful. In particular, 
in clinical settings, the number of injections tends 
to be lower than in clinical trials.  

10.3.2     Patterns of Anti-VEGF 
Responses 

 Undoubtedly the overall results of anti-VEGF are 
good; however, as noted in Protocol T, there is a 
big variation in OCT responses. For instance, 
even in the afl ibercept group, which showed the 
best response, the average reduction of retinal 
thickness was 169 ± 138 microns; the variation is 
almost as big as the average reduction. 
Furthermore, if one is looking at the bevacizumab 
group (probably the most commonly used anti- 
VEGF worldwide), the average reduction of reti-
nal thickness was 101 ± 121 microns; the variation 
is larger than the reduction. This suggests a big 
variation in individual responses. 

 In DRCR.net Protocol I, one of the earlier 
studies, DRCR.net analysed 37 baseline demo-
graphic, systemic, ocular, OCT, and fundus pho-
tographic variables that were assessed for 
association with change in visual acuity or OCT 
between baseline and 1 year. After adjusting for 
baseline visual acuity, a larger visual-acuity treat-
ment benefi t was associated with younger age 
( P  < 0.001), less severe diabetic retinopathy on 
clinical exam ( P  = 0.003), and the absence of sur-
face wrinkling retinopathy ( P  < 0.001). CST evo-
lution during the fi rst treatment year also 
predicted better vision outcomes ( P  < 0.001). 
After adjusting for baseline CST, lipid was 
 associated with more favourable OCT improve-
ment ( P  = 0.004) (Bressler et al.  2012 ). 

 CST evolution can be summarised into four 
groups as shown in Table  10.1  (Bressler et al. 
 2012 ). One could argue that about two thirds of 
the patients have early response and good vision 
gain, confi rming the fi rst-line role of anti-VEGF 
agents. The late responders may be treated with 
anti-VEGF if there were no other treatments 
available. However, with steroid approved for 
DME, it is reasonable to wait for the late respond-
ers to respond, or one should consider changing 
therapy earlier. Finally about a quarter of the 
patients did not respond anatomically, and the 
vision gain was no different from the laser 
monotherapy arm. It is important to identify this 
group of patients earlier and offer alternative 
therapies or surgery (Figs.  10.3 ,  10.4 ,  10.5  and 
 10.6 ).
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   Table 10.1    Central subfi eld thickness evolution in DRCR.net Protocol I ranibizumab-treated patients   

 OCT-CST  Week 16  Week 32  1 year  N  %  Vision gain 

 Early and consistent  +  +  +  143  49.7  12 

 Early but inconsistent  +  −  −  43  14.9  11 

 Late responders  −  ±  ±  36  12.5  8 

 Nonresponders  −  −  −  66  22.9  4 

  Fig. 10.3    Early and consistent response with anti-VEGF 
therapy. ( a ) Baseline SD-OCT showing signifi cant dia-
betic macular oedema. ( b ) After three ranibizumab injec-

tions with signifi cant improvement. ( c ) After another 
three ranibizumab injections showing consistent effect       
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  Fig. 10.4    Early but inconsistent response after anti- 
VEGF therapy. ( a ) Baseline SD-OCT showing signifi cant 
diabetic macular oedema. ( b ) After three ranibizumab 

injections with signifi cant improvement. ( c ) After another 
three ranibizumab injections showing deterioration 
towards baseline       

10.4             Steroids 

 The pathophysiology of macular oedema is com-
plex (Scholl et al.  2011 ). In view of the nonre-
sponders to anti-VEGF-treated DME patients, 
including steroid therapy in the treatment para-
digm of DME is essential (Stewart  2012 ). There 
are now two steroids that have been approved for 

the treatment of DME based on the pivotal trial 
data (Boyer et al.  2014 ; Campochiaro et al.  2012 ). 
Cataract and increased intraocular pressure (IOP) 
are the most common adverse events with steroid. 
The former is almost universal after 1 year of 
treatment, so the authors would only consider ste-
roid as a long-term treatment in pseudophakic 
patients or in those who would be happy to have 
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  Fig. 10.5    Late responder after anti-VEGF therapy .  ( a ) 
Baseline SD-OCT showing signifi cant diabetic macular 
oedema. ( b ) After three ranibizumab injections with slight 

improvement. ( c ) After another three ranibizumab injec-
tions showing signifi cant improvement       

cataract surgery if needed. The reported rate of 
increase of IOP varies, but in most cases it is man-
ageable (Boyer et al.  2014 ; Campochiaro et al. 
 2012 ). In diabetic retinopathy, the retina is already 
compromised; the increase in IOP may be more 
clinically important. Even when the IOP appears 
to be controlled by anti-glaucoma drops, the long-
term compliance of patients is often in doubt. 

 There might be a case for vitrectomised pseu-
dophakic eye to use steroids as the fi rst-line ther-

apy (Boyer et al.  2011 ). Although the DRCR.net 
suggested that there were no meaningful differ-
ences in the response to ranibizumab in vitrect-
omised and non-vitrectomised (Bressler et al. 
 2015 ), many retinal specialists have found that 
ranibizumab does not appear to last as long in vit-
rectomised eye. There is also animal experimen-
tal support that there are no differences in the 
intraocular pharmacokinetics of ranibizumab 
(Ahn et al.  2014 ) (Fig.  10.7 ).
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  Fig. 10.6    Nonresponder after anti-VEGF therapy. ( a ) 
Baseline SD-OCT showing signifi cant diabetic macular 
oedema. ( b ) After three ranibizumab injections with no 

improvement. ( c ) After another three ranibizumab injec-
tions still showing no improvement       

10.5        Pharmacologic Vitreolysis 

 The presence of a posterior vitreous detachment 
(PVD) reduces the risk of developing of 
DME. Pharmacologic vitreolysis such as ocri-
plasmin might be useful in some patients. 

However, current data shows ocriplasmin does 
not manage to achieve a PVD with a single injec-
tion (de Smet and Castilla  2013 ). There are also 
some suggestions that the effi cacy in patients 
with established DME is worse than in those 
without (Fig.  10.8 ).
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a b

c d

  Fig. 10.7    Dexamethasone implant. ( a ) Baseline SD-OCT 
in a vitrectomised pseudophakic eye with diabetic macu-
lar oedema. ( b ) After three ranibizumab injections show-
ing no improvement. ( c ) After 18 monthly ranibizumab 

injections showing signifi cant improvement but not com-
pletely “dry”. ( d ) After a single dexamethasone implant, 
the retina remained “dry” for over 12 months       

a

b

  Fig. 10.8    Ocriplasmin injection. ( a ) Diabetic macular 
oedema patient with vitreomacular traction, after six 
ranibizumab injections showing residual macular oedema. 

( b ) After ocriplasmin injection, the traction was released, 
and the oedema disappeared without any further ranibi-
zumab injection       
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10.6        Vitrectomy 

 There were numerous studies to suggest vitrec-
tomy is useful in DME. However, the recently 
published systematic review did not show a ben-
efi t over laser in DME patients without epiretinal 
membrane or vitreomacular traction (Simunovic 
et al.  2014 ). Nonetheless, DME patients with 
epiretinal membrane, even those without signifi -
cant traction, are more likely to be nonresponsive 
to anti-VEGF agents. It might be still worthwhile 
starting with anti-VEGF agents in these patients, 
but vitrectomy should be considered earlier in the 
treatment course.     

   References 

    Ahn SJ, Ahn J, Park S, Kim H, Hwang DJ, Park JH, Park 
JY, Chung JY, Park KH, Woo SJ (2014) Intraocular 
pharmacokinetics of ranibizumab in vitrectomized 
versus nonvitrectomized eyes. Invest Ophthalmol Vis 
Sci 55:567–573  

    Bandello F, Polito A, DelBorrello M, Zemella N, Isola 
M (2005) “Light” versus “classic” laser treatment 
for clinically signifi cant diabetic macular oedema. Br 
J Ophthalmol 89:864–870  

    Boyer DS, Faber D, Gupta S, Patel SS, Tabandeh 
H, Li XY, Liu CC, Lou J, Whitcup SM, Ozurdex 
CHAMPLAIN Study Group (2011) Dexamethasone 
intravitreal implant for treatment of diabetic macular 
edema in vitrectomized patients. Retina 31:915–923  

     Boyer DS, Yoon YH, Belfort R Jr, Bandello F, Maturi 
RK, Augustin AJ, Li XY, Cui H, Hashad Y, Whitcup 
SM, Ozurdex MEAD Study Group (2014) Three-year, 
randomized, sham-controlled trial of dexamethasone 
intravitreal implant in patients with diabetic macular 
edema. Ophthalmology 121:1904–1914  

     Bressler SB, Qin H, Beck RW, Chalam KV, Kim JE, 
Melia M et al (2012) Factors associated with changes 
in visual acuity and central subfi eld thickness at 1 
year after treatment for diabetic macular edema with 
ranibizumab. Arch Ophthalmol 130:1153–1161  

    Bressler SB, Melia M, Glassman AR, Almukhtar T, 
Jampol LM, Shami M, Berger BB, Bressler NM, 
Diabetic Retinopathy Clinical Research Network 
(2015) Ranibizumab plus prompt or deferred laser 
for diabetic macular edema in eyes with vitrectomy 
before anti-vascular endothelial growth factor therapy. 
Retina 35:2516–2528  

     Campochiaro PA, Brown DM, Pearson A, Chen S, Boyer D, 
Ruiz-Moreno J, Garretson B, Gupta A, Hariprasad SM, 
Bailey C, Reichel E, Soubrane G, KapikB BK, Kane 
FE, Green K, FAME Study Group (2012) Sustained 
delivery fl uocinolone acetonide vitreous inserts provide 

benefi t for at least 3 years in patients with diabetic mac-
ular edema. Ophthalmology 119:2125–2132  

    de Smet MD, Castilla M (2013) Ocriplasmin for diabetic 
retinopathy. Expert Opin Biol Ther 13:1741–1747  

    Figueira J, Khan J, Nunes S, Sivaprasad S, Rosa A, 
de Abreu JF, Cunha-Vaz JG, Chong NV (2009) 
Prospective randomised controlled trial comparing sub-
threshold micropulse diode laser photocoagulation and 
conventional green laser for clinically signifi cant dia-
betic macular oedema. Br J Ophthalmol 93:1341–1344  

    Fong DS, Strauber SF, Aiello LP, Beck RW, Callanan 
DG, Danis RP, Writing Committee for the Diabetic 
Retinopathy Clinical Research Network et al (2007) 
Comparison of the modifi ed Early Treatment Diabetic 
Retinopathy Study and mild macular grid laser pho-
tocoagulation strategies for diabetic macular edema. 
Arch Ophthalmol 125:469–480  

    Korobelinik JF, Do DV, Schmidt-Erfurth U, Boyser DS, 
Holz FG, Heier JS et al (2014) Intravitreal afl iber-
cept for diabetic macular edema. Ophthalmology 
232:2247–2254  

    Lavinsky D, Cardillo JA, Melo LA Jr, Dare A, Farah 
ME, Belfort R Jr (2011) Randomized clinical trial 
 evaluating mETDRS versus normal or high-density 
micropulse photocoagulation for diabetic macular 
edema. Invest Ophthalmol Vis Sci 52:4314–4323  

    Lavinsky D, Sramek C, Wang J, Huie P, Dalal R, Mandel 
Y, Palanker D (2014) Subvisible retinal laser therapy: 
titration algorithm and tissue response. Retina 34:87–97  

    Mitchell P, Bandello F, Schmidt-Erfurth U, Lang 
GE, Massin P, Schlingemann RO et al (2011) The 
RESTORE study: ranibizumab monotherapy or com-
bined with laser versus laser monotherapy for diabetic 
macular edema. Ophthalmology 118:615–625  

     Nguyen QD, Brown DM, Marcus DM, Boyer DS, Patel S, 
Feiner L et al (2012) Ranibizumab for diabetic macu-
lar edema: results from 2 phase III randomized trials: 
RISE and RIDE. Ophthalmology 119:789–801  

    Olk RJ (1990) Argon green (514 nm) versus krypton red (647 
nm) modifi ed grid laser photocoagulation for diffuse dia-
betic macular edema. Ophthalmology 97:1101–1112  

    Scholl S, Augustin A, Loewenstein A, Rizzo S, 
Kupperman B (2011) General pathophysiology of 
macular edema. Eur J Ophthalmol 6:S10–S19  

    Simunovic MP, Hunyor AP, Ho IV (2014) Vitrectomy 
for diabetic macular edema: a systematic review and 
meta-analysis. Can J Ophthalmol 49:188–195  

    Stewart MW (2012) Corticosteroid use for diabetic 
macular edema: old fad or new trend? Curr Diab Rep 
12:364–375  

    Vujosevic S, Bottega E, Casciano M, Pilotto E, Convento 
E, Midena E (2010) Microperimetry and fundus auto-
fl uorescence in diabetic macular edema: subthreshold 
micropulse diode laser versus modifi ed early treat-
ment diabetic retinopathy study laser photocoagula-
tion. Retina 30:908–916  

    Wells JA, Glassman AR, Ayala AR, Jampol LM, Aiello 
LP, Antoszyk AN et al (2015) Afl ibercept, bevaci-
zumab or ranibizumab for diabetic macular edema. N 
Eng J Med 372:1192–1203      

10 Effect of Therapy on Diabetic Macular Oedema



147© Springer India 2017 
C.H. Meyer et al. (eds.), Spectral Domain Optical Coherence Tomography in Macular Diseases, 
DOI 10.1007/978-81-322-3610-8_11

      Retinal Vein Occlusion                     

     Ute     E.  K.     Wolf-Schnurrbusch     

    Contents 

11.1   Background     147 

11.2   Clinical Features     147 

11.3   Pathogenesis     148 

11.4   Treatment Strategies     148 

11.5   Imaging     148 

  References     150 

11.1         Background 

 Central retinal vein occlusion (CRVO) and 
branch retinal vein occlusion (BRVO) are retinal 
vascular diseases that may cause signifi cant ocu-
lar morbidity and vision loss (David et al.  1988 ; 
Rogers et al.  2010 ). It commonly affects men and 
women equally and occurs predominantly in the 
age of 65 years (Lang and Handel  1992 ; Noma 
et al.  2005  and  2008 ; Chen et al.  1995 ; Iturralde 
et al.  2006 ). Younger individuals which present 
with a clinical picture of CRVO may have an 

underlying infl ammatory etiology (Fekrat and 
Finkelstein  1999 ). Most common risk factors 
associated with CRVO and BRVO are systemic 
hypertension, diabetes, hyperlipidemia, glau-
coma, carotid insuffi ciency, smoking, and age- 
related atherosclerosis (Noma et al.  2005 ; 
Sunness et al.  1991 ). Other associated factors are 
listed in Table  11.1 .

11.2        Clinical Features 

 Retinal vein occlusion presents as a sudden pain-
less loss of vision, but it may also present with a 
history of a gradual decline of vision which may 
correlate with less severe occlusions. The typical 
clinical constellation in CRVO includes superfi -
cial fl ame-shaped and deep blot-type retinal hem-
orrhages from the optic nerve head in all four 
quadrants of the fundus (“blood and thunder” 
appearance). Often there is a marked dilated, tor-
tuous retinal venous system in combination with 
optic nerve head swelling. Cotton-wool spots, 
splinter hemorrhages, and macular edema (ME) 
are present to varying degrees. 

 Generally, the described intraretinal hemor-
rhages are less marked in BRVO and if the occlu-
sion is perfused or nonischemic and is much 
more marked if the occlusion is non-perfused or 
ischemic and associated with retinal capillary 
non-perfusion. The localization of the venous 
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block determines the hemorrhage distribution. If 
in BRVO the venous obstruction is at the optic 
nerve head, two quadrants of the fundus may be 
involved, whereas if the occlusion is peripheral to 
the disc, one quadrant or less may be involved 
with retinal hemorrhages.  

11.3     Pathogenesis 

 The clinical picture of a CRVO may be explained 
by the occlusion of the main trunk of the central 
retinal vein; however, the pathophysiology is still 
not clearly understood. Histopathologic studies 
of enucleated eyes showed a thrombus occluding 
the lumen of the central retinal vein at or proxi-
mal to the lamina cribrosa (Green et al.  1981 ). 
This fi nding suggests that the anatomic variations 
at the level of the lamina cribrosa may be an 
important pathogenic point. 

 The interruption of venous fl ow in BRVO eyes 
almost always occurs at retinal intersections. 
Histopathologically, the retinal artery and vein 
share a common adventitial sheath. Especially in 
BRVO the lumen of the vein may be compressed 
up to one third at the crossing side (Bandello 
et al.  1998 ). This and also the vitreous may play 
important roles in compression of the susceptible 
arteriovenous crossing sites as evidenced by 
studies demonstrating that eyes with decreased 
axial length and a likelihood of vitreo-macular 
attachment at the crossing are at increased risk of 

BRVO. The resulting venous obstruction leads to 
elevation of venous pressure that may overload 
the collateral drainage capacity and lead to ME 
and ischemia by mechanisms that are still under 
investigation.  

11.4     Treatment Strategies 

 The vision loss is mostly caused by ME due to 
reduced blood perfusion and subsequent retinal 
hypoxia. The ME may also lead to additional 
reduction in visual acuity that often exceeds the 
primary ischemic damage and thus represents an 
important target for therapeutically intervention. 

 Treatment strategies for ME comprise focal 
laser photocoagulation (The Branch Vein 
Occlusion Study Group  1984 ; Central Retinal 
Vein Occlusion Study Group  1993 ; Klein and 
Finkelstein  1989 ), intravitreal steroids (Jonas 
et al.  2005 ), surgical procedures (Berker and 
Batman  2008 ), and, most recently, injection of 
anti-vascular endothelial derived growth factor 
protein (VEGF) compounds (Costa et al.  2007 ; 
Priglinger et al.  2007 ).  

11.5     Imaging 

 At the time of initial presentation, a careful assess-
ment of both eyes, including abnormal VA, iris 
stromal vessels, pupillary reaction, intraocular 

   Table 11.1    Risk factors for retinal vascular diseases like CRVO and BRVO   

 Systemic vascular alterations  Diabetes mellitus, systemic hypertension, carotid 
insuffi ciency, age-related atherosclerosis 

 Ocular diseases  Open-angle glaucoma, ischemic optic neuropathy, 
pseudotumor cerebri, tilted optic nerve heads, 
optic nerve head drusen 

 Hematologic alterations/hyperviscosity syndromes  Dysproteinemias, blood dyscrasias, elevated 
plasma homocysteine, factor XII defi ciency, 
antiphospholipid antibody syndrome, activated 
protein C resistance, protein C and protein S 
defi ciency 

 Autoimmune vasculitis  Systemic lupus erythematosus 

 Medications  Oral contraceptive, diuretics, hepatitis B vaccine 

 Infectious vasculitis  HIV, syphilis, herpes zoster, sarcoidosis 

 Other conditions  Pregnancy, after retrobulbar block, smoking 
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pressure, as well as history of the duration and the 
degree of the retinal ischemia, will determine 
treatment options and an individualized follow- up 
schedule. Fluorescein and ICG angiography could 
be useful for the evaluation of treatment options. 

 Spectral domain OCT (SD-OCT) offers new 
insight into retinal structures and their alterations 
especially regarding the integrity of the retinal 
layers in the fovea. So some interesting factors 
with predictive value were detected for a favor-
able short-term visual outcome after anti-VEGF 
treatment for ME secondary to CRVO (Wolf- 
Schnurrbusch et al.  2011 ). One important factor 
is the presence and integrity of the external limit-
ing membrane (ELM) (Fig.  11.1 ). It is a bad 
prognostic sign for the short-term recovery of 
visual acuity of the ELM if the foveal region is 
“disturbed” and if we were not able to follow the 

hyper-refl ective band of the ELM in the horizon-
tal or in the vertical SD-OCT scans (Fig.  11.2 ). 
Patients with ME in whom SD-OCT images 
demonstrate an intact outer limiting membrane 
have a better outcome after intravitreal anti- 
VEGF therapy than patients with severely com-
promised outer retinal structures. The integrity of 
the photoreceptor inner segments (IS) and outer 
segments (OS) and the retinal pigment epithe-
lium (RPE) is easily assessable, as well as the 
presence of subretinal and intraretinal fl uid 
accumulation.

    Central retinal thickness (CRT) could be ana-
lyzed from the volume scan and monitored over 
time. Attention should be paid to segmentation 
errors which were obvious if the single scans 
(which were used for the volume calculation) 
were carefully checked.     

  Fig. 11.1    Female patient (TK, 69 years) OD with cystoid 
edema due to CRVO. BCVA was 33 letters at baseline. 
Spectralis OCT images show intact external limiting 
membrane ( ELM ), intact photoreceptor inner segments 

( IS ) and outer segments ( OS ), and intact retinal pigment 
epithelium ( RPE ) in the horizontal (B) and vertical (C) 
scan. This patient was included into group 1 because of 
the intact outer retina complex       

  Fig.11.2    Female patient (JP, 59 years) OD with hard 
exudates and cystoid edema due to CRVO. BCVA was 22 
letters at baseline. Spectralis OCT images show cystoid 
edema, disturbances in the outer retina complex with 

involvement of ELM, and irregular RPE in the horizontal 
(B) and vertical (C) scan. This patient was included into 
group 2 because of disturbances in the outer retina 
complex       
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12.1         Introduction 

 Acute retinal arterial obstruction presents as a 
sudden, painless monocular loss of vision and/or 
visual fi eld defect due to involvement of either 
the central retinal artery, central retinal artery 
occlusion (CRAO), or an arterial branch, branch 
retinal artery occlusion (BRAO) (von Graefes 
 1859 ). CRAO occurs at the rate of 1 per 10,000 
outpatient visits in the United States, of which 

1–2 % cases are bilateral (Rumelt et al.  1999 ). 
Multiple etiologies have been undermined for 
this condition. Systemic hypertension and valvu-
lar heart disease in adults and coagulation defects 
in young are important causes of embolism caus-
ing retinal vasculature obstruction (Augsburger 
and Magargal  1980 ; Pfaffenbach and Hollenhorst 
 1972 ; Rumelt et al.  1999 ; Savino et al.  1977 ). 

 Disturbance in the blood supply to the inner 
layers of the retina is the underlying cause of loss 
of vision in CRAO. An anatomical variant of 
short posterior ciliary artery, the cilioretinal 
artery, occurs in approximately 14 % of the popu-
lation and gives additional supply to the macula 
from the choroidal circulation (Justice and 
Lehmann  1976 ). Occlusion of the central retinal 
artery due to any cause will give rise to oedema in 
the inner retinal layers and pyknosis of the gan-
glion cell nuclei, resulting in ischaemic necrosis. 
The retina, hence, opacifi es and appears 
yellowish- white which resolves in 4–6 weeks. 
However, the foveola assumes a cherry-red spot 
because of two reasons: fi rstly, the intact underly-
ing retinal pigment epithelium and choroid and, 
secondly, foveolar supply by the choriocapillaris 
(Fig.  12.1 ). In eyes with cilioretinal artery, supply 
to the papillomacular bundle is spared, and hence 
they have better visual prognosis (Justice and 
Lehmann  1976 ). Fundus fl uorescein angiography 
(FFA) shows delay in arteriovenous transit time 
as well as delayed retinal arterial and subsequent 
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choroidal fi lling (Beatty and Au Eong  2000 ) 
(Fig.  12.2 ). Also, narrowing of arteries with 
 normal fl uorescein transit has been observed 
after recanalisation.

12.2         Optical Coherence 
Tomography Findings 
in Retinal Artery Occlusion 

 In the acute phase following retinal artery 
occlusion, there is an isolated increase in the 
inner retinal thickness and hyper-refl ectivity. 

Importantly, there is an absence of hyporefl ec-
tive cystic spaces from fl uid accumulation that 
differentiates retinal oedema from retinal artery 
occlusion from other vascular causes (Rodrigues 
 2013 ). This is because oedema from retinal 
artery occlusion is due to cytoplasmic swelling 
from coagulation necrosis rather than extracel-
lular fl uid accumulation (Coady et al.  2015 ; 
Chu et al.  2013 ). The area of retinal swelling is 
typically well demarcated and corresponds to 
the area subserved by the occluded artery 
(Mathew et al.  2010 ). Shadowing of underlying 
structures can mask the outer retinal layers that 

  Fig. 12.1    Central retinal arterial occlusion. Fundus photograph showing diffusely pale retina with a cherry-red spot at 
the fovea without cilioretinal artery sparing       

a b

  Fig. 12.2    Central retinal arterial occlusion. ( a ). Fundus fl uorescein angiography showing early perfusion of the cilio-
retinal artery ( b ). Delayed arteriovenous transit and late staining of the disc seen in late phase       
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lead to the layers appearing hyporefl ective or 
widened (Rodrigues  2013 ; Mathew et al.  2010 ) 
(Fig.  12.3 ).

   In BRAO, the OCT fi ndings associated with 
ischaemia are striking when contrasted to the 
adjacent perfused retina. The temporal changes 
are similar to what is seen in CRAO (Ritter 
et al.  2012 ). While differentiating the types of 

retinal emboli is clinical in nature, OCT has 
been used to demonstrate complete occlusion 
of an obstructed artery (Shah et al.  2010 ) and 
can be used to show recanalisation (Fig.  12.4 ). 
Prominence of middle limiting membrane has 
been described as a reliable indicator of acute 
retinal ischaemia. Histologically, it is thought 
to correspond to cytoplasmic swelling of bipo-
lar cell synapses in the inner OPL (Chu et al. 
 2013 ). Figure  12.5  contrasts the presence of 
p-MLM in the affected retina to the normal 
retina (Fig.  12.6 ).

     In the chronic phase, there will be isolated inner 
retinal thinning with the absence of stratifi cation of 
the inner retinal layers. The outer retinal layers are 
always spared (Cruz-Villegas et al.  2004 ; Ghazi 
et al.  2010 ; Rodrigues  2013 ). Normal foveal depres-
sion is lost as the thinned retina extends up to the 
level of foveal depression (Ghazi et al.  2010 ). The 
inner retinal atrophy is coupled with increase outer 
retinal refl ectivity and better visualisation of the 
outer choroid and large choroidal vessels (Ghazi 
et al.  2010 ). The presence of aforementioned fea-
tures is important in distinguishing post-acute retinal 
artery occlusion from non-acute optic neuropathy 

  Fig. 12.3    Branched retinal arterial occlusion. SD-OCT 
showing grossly thickened and increase hyper-refl ectivity 
of the inner retinal layers with resultant optical shadowing 
of the outer retinal layers. Note normal retina nasally for 
comparison       

  Fig. 12.4    SD-OCT with corresponding red free of reca-
nalised retinal artery following branch retinal artery 
occlusion. Red free showing large fi brinoplatelet emboli 
involving central retinal artery and extending into inferior 
nasal retinal artery. SD-OCT showing partially patent reti-

nal artery with superior semicircular hyper-refl ective 
emboli (Images courtesy of Prof. J. E. Craig and Miss. A 
Chappell, Department of Ophthalmology Flinders 
Medical Centre, South Australia)       
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(Ghazi et al.  2010 ). While retinal thinning occurs 
with non-acute optic neuropathy, the thinning is lim-
ited to nerve fi bre and ganglion cell layers, and the 
thinning is signifi cantly less severe and spares the 
foveal depression (Ghazi et al.  2010 ) (Fig.  12.7 ).

   Several studies have documented the tempo-
ral change of OCT fi ndings in retinal artery 
occlusion (Asefzadeh and Ninyo  2008 ; Leung 
et al.  2007 ; Ritter et al.  2012 ; Saxena et al. 
 2013 ).

  Fig. 12.5    Branched retinal arterial occlusion. SD-OCT 
with corresponding red free showing superior BRAO. The 
involved retina temporally has thickened and hyper- 

refl ective inner retinal layers in contrast to the unaffected 
retina. Note the prominent middle limiting membrane 
separating the inner and outer retinal layer ( white arrow )       

a b

  Fig. 12.6    Old superior branched retinal arterial occlusion. 
( a ) SD-OCT contrasting superior and inferior retina in a 
patient with old superior BRAO. The inferior retina has 
normal thickness and preserved architecture while superior 

retina showing signifi cant thinning of inner retinal layers 
but preserved outer retinal layers. ( b ) Thickness map 
showing corresponding decrease in overall retinal thick-
ness in superior retina subserved by the occluded artery       
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 Study  OCT fi ndings 
 Days from 
onset 

 Inner retinal swelling  0–3 

 Decreasing retinal swelling  7 

 Pseudo normalisation  28 

 Gross inner retinal thinning and 
stability 

 From 90 
days 

   In CRAO, Saxena et al. observed an initial 
increased inner retinal swelling. This is followed 
by gradual decrease in the retinal swelling which 
is indicative of reperfusion acute oxidative injury 
leading to acute damage and cell death. Values of 
average retinal nerve fi bre layer (RNFL) thick-
ness improve in a month indicating ‘pseudo nor-
malisation’ which occurs with the restoration of 
blood supply and washout of free radicals and 
other oxidative stress mediators. Marked atrophic 
changes are observed by the end of three months 

with noticeable diminution of average RNFL 
thickness (Saxena et al.  2013 ). Ritter et al. docu-
mented similar temporal relationship of OCT 
changes in BRAO (Ritter et al.  2012 ). Figures  12.8  

  Fig. 12.7    SD-OCT of CRAO at day 90 following occlu-
sion. Note overall decrease in retinal thickness and poorly 
defi ned inner retinal layers but intact outer retinal layers       
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  Fig. 12.8    Retinal nerve fi bre layer (RNFL) thickness pro-
fi les of normal (OS) and CRAO-affected eye (OD) show 
initial rise due to retinal oedema on day 3 ( a ) followed by 
marked decrease on day 7 ( b ) suggestive of acute reperfu-
sion injury. Nearly normal values on day 30 ( c ) due to return 

of circulation and washout of reperfusion stress mediators. 
Marked decrease in the value of average RNFL thickness 
can be noted by day 90 due to setting in of atrophy       
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and  12.9  highlight the temporal changes follow-
ing CRAO.

    Prognostically, Ahn reported worse fi nal 
BCVA with greater retinal thickening on presen-
tation, while Leung et al. reported a worse func-
tional outcome with greater degree of retinal 
thickening (Ahn et al.  2015 ; Leung et al.  2007 ). 
Cho et al. also reported better BCVA in patients 
with preserved foveal and outer nuclear layer 
thickness following BRAO (Cho et al.  2010 ). In 
contrast to this, Saxena et al. found that visual 
outcome was not directly related to the degree of 
macular thickness and peripapillary RNFL thick-
ness. Even with ‘pseudo normalisation’ of 
 thickness of nerve fi bre layer and macular thick-
ness, there is no gain in visual acuity (Saxena 
et al.  2013 ). 

 Thus the SD-OCT is an invaluable tool for not 
only monitoring retinal changes with time but 
also for guiding the corrective measures for sal-
vaging vision in RAO.     

   References 

    Ahn SJ, Woo SJ, Park KH, Jung C, Hong JH, Han MK 
(2015) Retinal and choroidal changes and visual out-
come in central retinal artery occlusion: an optical 
coherence tomography study. Am J Ophthalmol 
159:667–676. doi:  10.1016/j.ajo.2015.01.001      

    Asefzadeh B, Ninyo K (2008) Longitudinal analysis of 
retinal changes after branch retinal artery occlusion 
using optical coherence tomography. Optometry 
79:85–89. doi:  10.1016/j.optm.2007.08.021      

    Augsburger J, Magargal L (1980) Visual prognosis fol-
lowing treatment of acute central retinal artery 
obstruction. Br J Ophthalmol 64:913–917  

    Beatty S, Au Eong KG (2000) Acute occlusion of the retinal 
arteries: current concepts and recent advances in diagno-
sis and management. J Accid Emerg Med 17:324–329  

    Cho HJ, Kim CG, Kim JW, Lee JH (2010) The relation-
ship between the visual prognoses of branch retinal 
artery obstruction and foveal thickness on OCT. Korean 
J Ophthalmol 24:297–301. doi:  10.3341/
kjo.2010.24.5.297      

     Chu YK, Hong YT, Byeon SH, Kwon OW (2013) In vivo 
detection of acute ischemic damages in retinal arterial 
occlusion with optical coherence tomography: a 

  Fig. 12.9    OCT images show increased hyper-refl ectivity 
and thickness of inner retinal layer with low refl ectivity of 
outer retinal layer in CRAO-affected eye. Progressive 

decrease in hyper-refl ectivity of inner layers is seen with 
time ( a  day 3,  b  day 7,  c  day 30,  d  day 90)       

 

W.O. Chan et al.

http://dx.doi.org/10.1016/j.ajo.2015.01.001
http://dx.doi.org/10.1016/j.optm.2007.08.021
http://dx.doi.org/10.3341/kjo.2010.24.5.297
http://dx.doi.org/10.3341/kjo.2010.24.5.297


157

“prominent middle limiting membrane sign”. Retina 
33:2110–2117. doi:  10.1097/IAE.0b013e3182899205      

    Coady PA, Cunningham ET Jr, Vora RA, McDonald HR, 
Johnson RN, Jumper JM, Fu AD, Haug SJ, Williams 
SL, Lujan BJ (2015) Spectral domain optical coher-
ence tomography fi ndings in eyes with acute isch-
aemic retinal whitening. Br J Ophthalmol 99:586–592. 
doi:  10.1136/bjophthalmol-2014-304900    , Epub 2014 
Jul 3  

   Cruz-Villegas V, Puliafi to CA, Fujimoto JG (2004) Retinal 
vascular diseases. In: Optical coherence tomography of 
ocular diseases. Thorofare, NJ: Slack. pp 103–110  

        Ghazi NG, Tilton EP, Patel B, Knape RM, Newman SA 
(2010) Comparison of macular optical coherence 
tomography fi ndings between post acute retinal artery 
occlusion and non acute optic neuropathy. Retina 
30:578–585. doi:  10.1097/IAE.0b013e3181bf5fd5      

     Justice J, Lehmann RP (1976) Cilioretinal arteries: a 
study based on review of stereo fundus photographs 
and fl uorescein angiographic fi ndings. Arch 
Ophthalmol 94:1355  

     Leung CK, Tham CC, Mohammed S, Li EY, Leung KS, 
Chan WM, Lam DS (2007) In vivo measurements of 
macular and nerve fi bre layer thickness in retinal arte-
rial occlusion. Eye (Lond) 21:1464–1468  

     Mathew R, Papavasileiou E, Sivaprasad S (2010) 
Autofl uorescence and high-defi nition optical coher-
ence tomography of retinal artery occlusions. Clin 
Ophthalmol 4:1159–1163. doi:  10.2147/OPTH.
S13592      

    Pfaffenbach D, Hollenhorst R (1972) Morbidity and sur-
vivorship of patients with embolic cholesterol crystals 
in the ocular fundus. Trans Am Ophthalmol Soc 
70:337  

      Ritter M, Sacu S, Deák GG, Kircher K, Sayegh RG, 
Pruente C, Schmidt-Erfurth UM (2012) In vivo identi-
fi cation of alteration of inner neurosensory layers in 
branch retinal artery occlusion. Br J Ophthalmol 
96:201–207. doi:  10.1136/bjo.2010.198937      

      Rodrigues IA (2013) Acute and chronic spectral domain 
optical coherence tomography features of branch reti-
nal artery occlusion. BMJ Case Rep. doi:  10.1136/
bcr-2013-009007      

     Rumelt S, Dorenboim Y, Rehany U (1999) Aggressive 
systematic treatment for central retinal artery occlu-
sion. Am J Ophthalmol 128:733–738  

    Savino PJ, Glaser JS, Cassady J (1977) Retinal stroke: is 
the patient at risk? Arch Ophthalmol 95:1185  

      Saxena S, Mishra N, Meyer CH et al (2013) Ischaemia 
reperfusion injury in CRAO. BMJ Case Rep. 
doi:  10.1136/bcr-2013-201415      

    Shah VA, Wallace B, Sabates NR (2010) Spectral domain 
optical coherence tomography fi ndings of acute 
branch retinal artery occlusion from calcifi c embolus. 
Indian J Ophthalmol 58:523–524. 
doi:  10.4103/0301-4738.71703      

    vonGraefes A (1859) Ueber Embolie der Arteria centralis 
retinae alsUrsacheplotzlicherErblindung. Arch 
Ophthalmol 5:136–157      

12 Retinal Artery Occlusion

http://dx.doi.org/10.1097/IAE.0b013e3182899205
http://dx.doi.org/10.1136/bjophthalmol-2014-304900
http://dx.doi.org/10.1097/IAE.0b013e3181bf5fd5
http://dx.doi.org/10.2147/OPTH.S13592
http://dx.doi.org/10.2147/OPTH.S13592
http://dx.doi.org/10.1136/bjo.2010.198937
http://dx.doi.org/10.1136/bcr-2013-009007
http://dx.doi.org/10.1136/bcr-2013-009007
http://dx.doi.org/10.1136/bcr-2013-201415
http://dx.doi.org/10.4103/0301-4738.71703


159© Springer India 2017 
C.H. Meyer et al. (eds.), Spectral Domain Optical Coherence Tomography in Macular Diseases, 
DOI 10.1007/978-81-322-3610-8_13

      Drusen Secondary to Age-Related 
Macular Degeneration                     

     Karen     B.     Schaal      and     Philip     J.     Rosenfeld     

    Contents 

13.1   Introduction     159 

13.2   Drusen as Risk Factors for Predicting 
the Progression to Late Age-Related 
Macular Degeneration     160 

13.3   Drusen Quantitation Using SD-OCT 
Imaging Versus Color Fundus Photos     160 

13.4   SD-OCT Algorithms to Quantify Drusen 
Load     162 

13.5   Following Drusen Growth with SD-OCT 
Imaging     163 

13.6   SD-OCT Drusen Volume as an Endpoint 
for Clinical Trials     164 

  References     166 

13.1         Introduction 

 Drusen are one of the earliest signs of age-related 
macular degeneration (AMD). They can be clas-
sifi ed based on their fundus appearance as dis-
tinct or indistinct, hard or soft, and small 

(<63 μm), medium (≥63 <125µm), or large 
(≥125 μm) depending on their greatest linear 
dimension. These drusen characteristics, com-
bined with the presence of any pigmentary 
abnormalities, are important risk factors for dis-
ease progression and staging of disease severity 
(Davis et al.  2005 ; Klein et al  2002 ; Wang et al. 
 2003 ). The most recent classifi cation system 
separates AMD into three distinct stages: early 
(medium-sized drusen), intermediate (medium-
sized drusen with pigmentary abnormalities or 
large drusen with or without pigmentary abnor-
malities), and late (macular neovascularization 
(MNV) and/or any geographic atrophy (GA)) 
(Ferris et al.  2013 ). 

 Histologically, drusen are focal accumula-
tions of extracellular material (mainly lipids 
and proteins) and are typically located 
between the basal lamina of the retinal pig-
ment epithelium (RPE) and the inner collage-
nous layer of Bruch’s membrane (BM). On 
color fundus imaging, drusen appear as 
yellow-white accumulations, whereas on 
spectral domain-optical coherence tomogra-
phy (SD-OCT), drusen are defined by an ele-
vation of the overlaying RPE above a certain 
threshold. One of the advantages of using 
SD-OCT imaging for measuring and follow-
ing drusen over time is the capability of cap-
turing the two- and three-dimensional features 
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of drusen using cross-sectional B-scans, en 
face topological maps, and drusen volume and 
area measurements.  

13.2     Drusen as Risk Factors 
for Predicting the Progression 
to Late Age-Related Macular 
Degeneration 

 Manual grading of stereoscopic color fundus 
images was the gold standard for many years 
when classifying the stages of AMD, particu-
larly in large epidemiologic studies such as 
Age- Related Eye Disease Study (AREDS 
 2001 ). Drusen characteristics were manually 
evaluated using a grid composed of circles with 
different radii with radial lines dividing the cir-
cles into subsections. These grids were overlaid 
on color fundus images. Different classifi cation 
and grading systems used different grids, and 
drusen classifi cations were correlated with dis-
ease progression. Grading systems for drusen 
quantifi cation used in large clinical trials were 
the Wisconsin Age-Related Maculopathy 
Grading System (Klein et al.  1991 ), the 
International Classifi cation and Grading System 
for Age- Related Maculopathy and AMD (Bird 
et al.  1995 ) (as well as a modifi ed version), the 
Age- Related Macular Disease Study 
Classifi cation System used in the AREDS, and 
the Clinical Age-Related Maculopathy Study 
Staging System (CARMS) (Bartlett and 
Eperjesi  2007 ). Reproducibility of grading was 
diffi cult to achieve even for experienced grad-
ers who were challenged by the variability of 
drusen appearance, inter-patient variability in 
fundus pigmentation, media opacities, and vari-
able image quality. This led to the introduction 
of semiautomated and automated algorithms 
for drusen quantitation using digital fundus 
photos (Bartlett and Eperjesi  2007 ; Friberg 
et al.  2007 ; Smith et al.  2005 ). Overall, none of 
these automated techniques gained widespread 
acceptance due to their variable degrees of 
robustness and accuracy.  

13.3     Drusen Quantitation Using 
SD-OCT Imaging 
Versus Color Fundus Photos 

 On color fundus images, drusen are defi ned 
based on pigmentary changes in the macula, 
which are clinically detectable once they reach 
25–30 μm in diameter (Sarks et al.  1999 ). As a 
planar image modality, color fundus imaging 
cannot provide any information about three-
dimensional morphology of drusen, such as 
volume, or the location of pigmentary abnor-
malities relative to the RPE, such as whether 
they are above or below the RPE. SD-OCT pro-
vides high-speed, high- resolution, and high-
density scans of the macula, which can be 
evaluated in three dimensions. When using 
cross-sectional B-scans, the integrity of the 
RPE and the photoreceptors overlying drusen 
can be visualized in great detail. SD-OCT 
images can show structural changes predictive 
of disease progression to late AMD, such as the 
intra- or subretinal fl uid indicative of neovascu-
lar AMD, hyper-refl ective foci overlying dru-
sen, subsidence of the outer retina, and 
heterogenous internal refl ectivity of drusenoid 
lesions indicative of nascent GA (nGA) (Wu 
et al.  2014 ) (Fig.  13.1 ), and choroidal thickness 
measurements below drusen of <135 μm 
(Ouyang et al.  2013 ), which is indicative of 
evolving GA.

   The algorithm developed at the Bascom 
Palmer Eye Institute (BPEI) for SD-OCT 
imaging (Cirrus, Carl Zeiss Meditec, Dublin, 
CA) defi nes typical drusen as accumulations of 
material below the RPE, which leads to an ele-
vation of the overlying RPE (Gregori et al. 
 2011 ). Once drusen lead to an RPE elevation 
above a minimal threshold, SD-OCT can pro-
vide reliable volume measurements (Gregori 
et al.  2011 ; Gregori et al.  2014 ). This algorithm 
can therefore distinguish between typical dru-
sen, which elevate the RPE, and subretinal 
drusenoid deposits (SDD), which are located 
above the RPE and underneath the retina 
(Curcio et al  2013 ; Zweifel et al.  2010 ). Due to 
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the selected threshold, this SD-OCT algorithm 
does not include small, shallow drusen or 
SDDs, which might be apparent on color fun-
dus imaging. This could explain why there was 
only fair agreement between drusen area 
 measurements obtained from color fundus 
photos and the SD-OCT algorithm, with the 
SD-OCT algorithm missing the small, fl at dru-
sen resulting in smaller drusen area measure-
ments compared with manual color fundus 
measurements (Yehoshua et al.  2013 ). 
However, this SD-OCT algorithm does reliably 

measure the more clinically meaningful 
medium and large drusen, which are widely 
acknowledged risk factors for disease progres-
sion. Moreover, when comparing the change in 
drusen area assessed by SD-OCT and color 
fundus photos longitudinally, the two image 
modalities showed a good correlation. This 
suggests that both imaging modalities essen-
tially captured the same changes. SD-OCT 
imaging has the added advantage that it can 
measure changes in drusen volume, which is a 
far more sensitive technique for measuring 

a

b

c

  Fig. 13.1    Cross-sectional SD-OCT B-scans through the 
fovea of a 61-year-old man ( right eye ) with intermediate 
AMD followed for over 2 years. ( a ) Baseline visit shows 
a large drusenoid retinal pigment epithelial detachment 
(PED) with signs predictive for pending atrophy such as 
hyper-refl ective foci ( arrow ) and hyper-transmissions 
within the PED ( arrowhead ), presumably due to RPE 
breakdown. ( b ) After 1 year the large drusenoid PED has 

partially collapsed with an adjacent area of outer retinal 
subsidence ( arrow ), a sign for nascent geographic atrophy 
(nGA). ( c ) Two years after baseline the PED has com-
pletely collapsed, leaving drusen-associated atrophy with 
the characteristic hyper-transmission into the choroid 
( area between arrows ) resulting from loss of the RPE, 
photoreceptor, and choriocapillaris       
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changes in drusen size compared with area 
measurements. For example, drusen volume 
can decrease by more than 50 % of the cube 
root volume without any apparent change in 
drusen area on the corresponding color fundus 
photo (Yehoshua et al.  2011b ). The reason why 
drusen volume was found to be a more sensi-
tive indicator of drusen growth compared with 
area measurements is because area measure-
ments tended to plateau, while drusen volume 
continued to increase over time. Based on these 
fi ndings, SD-OCT imaging is currently the 
most reliable strategy for following drusen 
 morphology and progression over time and has 
replaced color fundus imaging for clinical 
trials.  

13.4     SD-OCT Algorithms 
to Quantify Drusen Load 

 Different research groups have developed 
SD-OCT algorithms for quantifying drusen in 
the macula and monitoring their morphological 
changes over time (Chen et al.  2014 ; Folgar 
et al.  2016 ; Gregori et al.  2011 ; Schlanitz et al. 
 2015 ). The algorithm developed at BPEI is 
fully automated, FDA approved, and commer-
cially available on the Cirrus SD-OCT instru-
ment (Carl Zeiss Meditec Inc, Dublin, CA). 
This algorithm calculates the difference 
between the elevation of the RPE (caused by 
drusen) and a virtual RPE fl oor free of defor-
mations (called the RPE fi t) (Gregori et al. 
 2011 ). The difference between the RPE and the 
RPE fi t results in reproducible measurements of 
drusen area and volume (Gregori et al.  2011 , 
 2014 ) (Fig.  13.2 ).

   The minimum detectable RPE elevation was 
chosen to be 19 μm (10 pixels) to minimize the 
contribution of noise that accompanies any mea-
surement technique. A signifi cant deviation from 
the RPE fi t would therefore be any RPE eleva-
tion greater than 19 μm, which would subse-
quently be counted as a druse. The preferred 
pattern for measuring drusen is the 200 × 200 
scan pattern (200 A-scans per B-scan and 200 
B-scans in each cube), which consists of 40,000 
A-scans with a uniform spacing of 30 μm 

between each A-scan and each B-scan. This scan 
pattern covers a 6 mm × 6 mm area centered on 
the fovea. 

 Another SD-OCT algorithm for drusen seg-
mentation was developed by a research group 
at Duke University (Chiu et al.  2012 ; Jain et al. 
 2010 ). This algorithm segments the retina into 
three retinal boundaries: inner aspect of the 
inner limiting membrane (ILM), inner aspect 
of the RPE-drusen complex, and outer aspect 
of Bruch’s membrane. The spacing between 
adjacent B-scans was 66 μm, which might 
explain why this algorithm had diffi culty 
detecting small drusen. Any hyper-refl ective 
material contiguous with the RPE, such as 
SDDs, is segmented and included into the anal-
ysis as well, which is a unique feature of this 
algorithm. This algorithm segments at the 
inner border of the RPE band rather than the 
outer border and can therefore capture diffuse 
RPE thickening even before drusen form. 
However, this algorithm was designed for the 
Bioptigen system and is not currently commer-
cially available. 

 Another drusen segmentation strategy is 
based on polarization-sensitive OCT 
(PS-OCT), which segments the RPE based on 
its depolarizing properties and allows quantita-
tive drusen area and volume assessment 
(Baumann et al.  2010 ; Gotzinger et al.  2008 ; 
Sugita et al.  2013 ). After the actual position of 
the RPE is located based on its polarization 
uniformity (DOPU) value, drusen are seg-
mented by calculating the difference between 
the actual RPE position and a virtual RPE posi-
tion free of any deformations. However, this 
segmentation strategy is experimental and not 
widely available at this time. 

 The performance characteristics of com-
mercially available algorithms for drusen 
detection were compared between three differ-
ent SD-OCT instruments. Drusen segmenta-
tion results were compared between the Cirrus 
instrument (Carl Zeiss Meditec, Dublin, CA), 
the 3D OCT-1000 device (Topcon, Tokyo, 
Japan), and the Spectralis instrument 
(Heidelberg Engineering, GmbH, Heidelberg, 
Germany) (Schlanitz et al.  2010 ). Overall, the 
Cirrus drusen segmentation algorithm made 

K.B. Schaal and P.J. Rosenfeld



163

signifi cantly fewer errors in drusen detection 
than the 3D OCT-1000 instrument ( p  < 0.001). 
Due to the fact that the Spectralis instrument 
does not offer a true RPE segmentation, it per-
formed poorly.  

13.5     Following Drusen Growth 
with SD-OCT Imaging 

 Population-based trials studied the natural history 
of drusen to determine risk factors for disease 

a

c d

e f
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  Fig. 13.2    SD-OCT imaging of small- to medium-sized 
drusen. ( a ) Color fundus photo with a superimposed 
SD-OCT dataset indicated by the blue square. ( b ) Two 
cross-sectional SD-OCT B-scans correspond to the retinal 
locations marked by white lines on the color fundus photo. 
The segmentation of the RPE is shown in red, and the 

RPE fl oor (RPE fi t = free of any deformations) is shown in 
yellow. ( c ) Surface rendering of the RPE segmentation. 
( d ) Retinal thickness map. ( e ) Surface rendering of the 
RPE fl oor. ( f ) Drusen thickness map (Figure, courtesy of 
Giovanni Gregori, Gregori G et al.  2011 )       
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progression (Chew et al.  2014 ; Cukras et al.  2010 ; 
Klein et al.  2007 ; Sparrow et al.  1997 ). Drusen 
size and number, extent of pigmentary abnormali-
ties, and extent of involvement in one or both eyes 
are known risk factors for the  development of late 
AMD (Ferris et al.  2013 ). Furthermore, the under-
lying genetics with the presence or absence of at-
risk and/or protective alleles infl uences the 
phenotype of AMD, as well as its progression. For 
example, the COMPLETE study showed a sig-
nifi cant association between the number of at-risk 
alleles in complement factor H (CFH; rs1061170) 
carried by a patient and the increase in drusen vol-
ume over 6 and 12 months ( p  < 0.001) (de Amorim 
Garcia Filho et al.  2014 ). In another study, a sig-
nifi cant association was found between the area 
and volume of macular drusen in an Amish AMD 
population and the number of at-risk CFH alleles 
(CFH; rs12038333) carried by these patients 
(Chavali et al.  2015 ). 

 In addition to being able to measure drusen 
volume, SD-OCT imaging has revealed that dru-
sen are not stable structures and far more dynamic 
than originally appreciated using color fundus 
imaging. Drusen undulate over time and undergo 
repeated cycles of growth and shrinkage, with 
growth more likely than shrinkage (Yehoshua 
et al.  2011b ), and the risk of progression to either 
GA or MNV increases as drusen enlarge (Chew 
et al.  2014 ; Cukras et al.  2010 ; Ferris et al.  2013 ; 
Schlanitz et al.  2015 ; Yehoshua et al.  2011b ). 
Drusen can also spontaneously regress without 
leaving any traces (Bressler et al.  1995 ; Klein 
et al.  2007 ; Sparrow et al.  1997 ), which would be 
the most desirable outcome in a clinical trial 
(Fig.  13.3 ).

   Yehoshua et al. followed the natural course 
of drusen over 1 year, measuring drusen vol-
ume and area. For analyzing drusen volume, it 
was found that a cube root transformation of 
drusen volume has distinct advantages over 
using the traditional volume measurement, and 
these advantages were similar to the advantages 
of using the square root transformation strategy 
when measuring and following GA (Yehoshua 
et al.  2011a ,  b ,  2014 ,  2015 ). By using the cube 
root volume of the drusen volume measure-
ment, we found that a constant test-retest stan-
dard deviation was achieved regardless of the 

baseline drusen size, so measuring a defi ned 
increase or decrease in the drusen volume over 
time was independent of baseline drusen size 
and so it became easier to determine if drusen 
actually grew or decreased in size. If this strat-
egy wasn’t applied, then larger drusen volumes 
would appear to grow faster than smaller dru-
sen volumes, which were not actually true, just 
as we observed for the growth rates of larger 
areas GA, which appeared to grow faster in the 
absence of the square root transformation strat-
egy (Feuer et al.  2013 ). 

 An ideal baseline drusen volume to study in 
clinical trials was found to be a drusen volume 
of at least 0.03 mm 3  (cube root volume 
0.31 mm) within a circular region with 3 mm in 
diameter centered on the fovea (de Amorim 
Garcia Filho et al.  2014 ; Yehoshua et al.  2011b ). 
Natural history data on drusen showed that this 
drusen volume corresponded to a drusen area 
that included large drusen (125 μm), which 
were easily seen on color fundus photos, and 
this drusen volume could also be easily mea-
sured by SD-OCT. In addition, this drusen vol-
ume could decrease by more than 90 % and still 
be accurately measured using the SD-OCT 
algorithm for drusen volume measurements 
(Yehoshua et al.  2011b ).  

13.6     SD-OCT Drusen Volume 
as an Endpoint for Clinical 
Trials 

 Historically, drusen were manually graded in 
large clinical trials such as the AREDS and the 
laser to drusen trials (Parodi et al.  2009 ) and were 
quantifi ed using digital high-quality color fundus 
images. The FDA-approved, commercially avail-
able, and fully automated SD-OCT drusen seg-
mentation algorithm offers an accurate, reliable, 
and standardized method for following drusen 
morphology over time (Gregori et al.  2011 ,  2014 ; 
Yehoshua et al.  2010 ,  2011b ,  2013 ) and does not 
require reading center involvement. 
The SD-OCT algorithm defi nes drusen as eleva-
tions of the overlying RPE above a minimal 
threshold and provides both area and volume 
measurements. 
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  Fig. 13.3    Examples of how drusen can change over time 
with different outcomes such as GA, MNV, or regression 
without any sequelae. Panel ( a ) 76-year-old woman ( right 
eye ) with drusen at baseline and developed drusen associ-
ated atrophy over 12 months. Color fundus photos with a 
white line representing the location of the OCT B-scans 
( A ,  F ), horizontal cross-sectional B-scans ( B ,  G ), RPE 
segmentation maps ( C ,  H ), hybrid map made of OCT fun-
dus image and drusen thickness map ( D ,  I ), and fundus 
autofl uorescence ( E ,  J ). At 12 months, GA appears with 
an area of 1.28 mm 2 . Images are shown at baseline ( A – E ) 
and 12 months follow-up ( F – J ). Panel ( b ). A 64-year-old 
woman ( left eye ) with drusen at baseline and developed 
macular neovascularization (MNV) over 15 months. 
Drusen were found to increase in volume and then regress, 
eventually leading to MNV. Color fundus photos with a 
 white line  representing the location of the OCT B-scans 
( A ,  E ,  I ), horizontal B-scans ( B ,  F ,  J ), RPE segmentation 

maps ( C ,  G ,  K ), hybrid map made of OCT fundus image, 
and drusen thickness map ( D ,  H ,  L ). Images are shown at 
baseline ( A – D ), at 6 months ( E – H ), and at 15 months of 
follow-up ( I – L ). Baseline drusen volume was 0.19 mm 3  
( D ) and 0.23 mm 3  at 6 months ( H ). Panel ( c ). A 64-year- 
old woman ( right eye ) with drusen at baseline and sponta-
neous drusen regression over 6 months without 
progressing to late AMD (MNV and/or GA). Color fun-
dus photos with a  white line  representing the location of 
the OCT B-scans ( A ,  E ,  I ), horizontal B-scans ( B ,  F ,  J ), 
RPE segmentation maps ( C ,  G ,  K ), hybrid map made of 
OCT fundus image, and drusen thickness map ( D ,  H ,  L ). 
Images are shown at baseline ( A – D ), at 3 months ( E – H ), 
and 6 months follow-up ( I – L ). Baseline drusen volume 
was 0.21 mm 3  ( D ), 0.26 mm 3  at 3 months ( H ), and 
0.001 mm 3  at 6 months follow-up ( L ). (Figure courtesy of 
Zohar Yehoshua, modifi ed from Yehoshua Z et al.  2011b )       
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 When testing new therapies for intermediate 
AMD (iAMD), we proposed the use of a com-
posite endpoint in clinical trials rather than the 
use of the traditional visual acuity (VA) endpoint 
(Schaal et al.  2016 ). This allowed for the design 
of shorter proof-of- concept studies, with the goal 
of intervening earlier in the course of the disease 
before late AMD develops. In such a study tar-
geting drusen, failure would be defi ned as drusen 
growth, formation of neovascularization, or con-
version to GA, which are the three most likely 
outcomes when  following iAMD patients. The 
advantage of using composite endpoints is the 
need of fewer patients, shorter study duration, 
and lower study costs. A drusen baseline volume 
of 0.03 mm 3  has been shown to be suitable to fol-
low drusen growth and/or decrease (de Amorim 
Garcia Filho et al.  2014 ; Yehoshua et al.  2011b ), 
and the cube root strategy should be used to eval-
uate drusen growth/shrinkage over time.     
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14.1         Introduction 

 Atrophy of the retinal pigment epithelium (RPE) 
represents a common end stage of various retinal 
diseases including advanced age-related macular 
degeneration (AMD), where it is termed geo-
graphic atrophy (GA). While choroidal neovas-
cularization (CNV) is the most common cause of 

acute severe visual loss in AMD, approximately 
20 % of AMD patients who are legally blind have 
lost central vision due to GA (Friedman et al. 
 2004 ; Klaver et al.  1998 ; Klein et al.  2002 ; 
Mitchell et al.  1995 ; Sunness et al.  1999 ). 

 Histologically, areas of GA are characterized 
by loss of the RPE and of outer layers of the neu-
rosensory retina and the choriocapillaris (Green 
and Key  1977 ; Sarks et al.  1988 ). While en face 
imaging methods, in particular fundus autofl uo-
rescence (FAF) confocal scanning laser ophthal-
moscopy (cSLO), readily identify areas of 
geographic atrophy, spectral domain optical 
coherence tomography (SD-OCT) enables a 
detailed view on the cross-sectional morphology 
of the atrophic lesion, its boundaries, and its per-
ilesional alterations (Fleckenstein et al.  2008 ). 
Recent fi ndings indicate that distinct morpho-
logic fi ndings identifi ed in SD-OCT scans may 
even predict atrophy progression (Fleckenstein 
et al.  2011 ; Hariri et al.  2014 ; Moussa et al.  2013 ; 
Stetson et al.  2014 ).  

14.2     Atrophic Area 

 In the atrophic area, the loss of the outer retinal 
layers can be visualized by SD-OCT imaging 
in vivo. The typical SD-OCT characteristics of 
geographic atrophy include loss of the outer 
nuclear layer (ONL) and the outer hyperrefl ective 
bands (external limiting membrane [ELM], 
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ellipsoid zone, interdigitation zone, inner part of 
the RPE-Bruch’s membrane [BM] complex) 
resulting in direct apposition of the outer plexi-
form layer (OPL) and BM (Fig.  14.1a ) (Ahlers 
et al.  2010 ; Fleckenstein et al.  2008 ; Michels et al. 
 2008 ; Wolf-Schnurrbusch et al.  2008 ). The band 
representing the RPE (inner portion of the 
RPE-BM complex) appears to be entirely lost, 
while the outer portion of the RPE-BM complex 
(assumed BM) continues through the atrophy 
(Figs.  14.1a  and  14.3 ) (Fleckenstein et al.  2008 ). 
In the area of atrophy, SD-OCT imaging further 
reveals a choroidal signal enhancement that is 
explained by increased penetration of the light 
through the area of RPE atrophy (Figs.  14.2 ,  14.3 , 
 14.4 ,  14.6 ,  14.7 , and  14.9 ) (Fleckenstein et al. 
 2008 ; Wolf-Schnurrbusch et al.  2008 ). The mar-
gins of the area with increased choroidal refl ec-
tiveness have been shown to be the OCT parameter 
which correlates best with the borders of GA as 
monitored in fundus autofl uorescence images 
(Schmitz-Valckenberg et al.  2011 ) (Fig.  14.2 ). 
Within the atrophic lesion, SD-OCT imaging may 
reveal various morphologic features including:

       Plaques at the level of the former RPE-BM com-
plex correlating with highly refl ective lesions 
in the IR image (Fig.  14.1b ) (Fleckenstein 
et al.  2008 ).  

  Clumps that rest on the thin remainder of 
RPE- BM, scattered throughout the atrophy. 
They may be noted also in other retinal layers 
(Fig.  14.1d ) (Fleckenstein et al.  2008 ).  

  Irregular elevations in place of the inner portion 
of the RPE-BM band (Fig.  14.1c ) (Fleckenstein 
et al.  2008 ; Ooto et al.  2014 ).  

  Elevations with crown-like appearance with pre-
sumed debris beneath these structures, also 
termed hyperrefl ective pyramidal structures 
(Fig.  14.1g ) (Bonnet et al.  2014 ; Fleckenstein 
et al.  2008 ).  

  Larger accumulations of irregularly highly 
refl ecting material (Fig.  14.1h ) (Fleckenstein 
et al.  2008 ).  

  Branching, round, or ovoid hyporefl ective struc-
tures with a hyperrefl ective border located in 
the outer nuclear layer (termed outer retinal 
tubulations – ORT) (Zweifel et al.  2009 ).    

a b c d

e f g h

  Fig. 14.1    Alterations within the area of geographic atro-
phy. ( a ) SD-OCT showing the absence of the outer retinal 
layers and remaining of a thin line on the outer margin of 
the original site of band 4, most likely representing 
Bruch’s membrane. ( b – d ) SD-OCT showing plaques ( b , 
 arrows ), elevations ( b ,  asterisks ), and clumps ( d ,  arrows ) 
based on the remaining of band 4. ( e ) SD-OCT showing a 
dotted line, seemingly continuing the elevated part of 

band 4 that splits at the atrophy margin that can be espe-
cially found in the “diffuse-trickling” FAF phenotype 
(Fleckenstein et al.  2011 ). ( f – h)  SD-OCT showing irregu-
lar elevations ( f) , crown-like elevations fi lled with hyper-
refl ective “debris” ( g ), and irregular hyperrefl ective 
material ( h ) also based on band 4 that can be distinguished 
from the previous fi ndings (Image obtained from 
Fleckenstein et al.  2008 )       

 

M. Lindner et al.



171

 A thin, discontinuous hyperrefl ective band 
between the inner nuclear layer (INL) and the 
remaining outer part of RPE-BM band may be 
visible. This dotted band is most pronounced 

close to the atrophy border zone (Fig.  14.1e ) 
(Fleckenstein et al.  2008 ,  2011 ). 

 The nature and the prognostic relevance of most 
of these structures are yet unknown. Elevations or 

  Fig. 14.2    Sequential loss of outer retinal bands. ( I ) Atrophy 
border in fundus autofl uorescence image for comparison. 
( II–VI ) SD-OCT showing loss of retinal bands ordered from 
the inner to outer retina. First, the ellipsoid zone (termed 
inner segment/outer segment photoreceptor layer [ IPRL ] 

here) is disrupted ( IV ). This is followed by choroidal signal 
enhancement ( VI ), visible RPE attenuations ( V ), external 
limiting membrane ( ELM ) loss ( III ), and the entire outer 
nuclear layer ( ONL ) loss ( II ) (Image obtained from Schmitz-
Valckenberg et al. ( 2011 ), with permission)       
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accumulations of highly refl ective material as well 
as plaques at the former RPE level might represent 
residual sub-RPE deposits and refl ect various 
stages of regressing drusen, which may develop 
focal calcifi cation and become increasingly irregu-
lar (Fleckenstein et al.  2008 ; Green and Key  1977 ; 
Sarks et al.  1988 ). The thin, discontinuous hyper-
refl ective band between the INL and the remaining 
outer part of RPE-BM band is predominantly pres-
ent in the “diffuse-trickling” GA phenotype, which 
is associated with rapid atrophy progression 
(Fleckenstein et al.  2011 ; Moussa et al.  2013 ). ORT 
are hypothesized to represent degenerating photo-
receptors that rearrange in a tubular fashion. With 
respect to the prediction of atrophy progression 
rates, recent works have produced competing 
results showing that ORT predict signifi cantly 
faster (Moussa et al.  2013 ) or slower progression 
rates (Hariri et al.  2014 ).  

14.3     Atrophy Border Zone 

 Atrophic areas typically enlarge over time. During 
this process, not all outer retinal layers are lost at 
the same time. Loss of the ellipsoid zone may spa-
tially precede the loss of the remainder OCT 
bands (Fleckenstein et al.  2008 ; Schmitz-
Valckenberg et al.  2011 ). It is followed by attenu-
ations in the RPE, fi rst becoming more transparent 
to light refl ecting from the choroid (“choroidal 
signal enhancement”) and subsequently showing 
visible RPE alterations (Schmitz-Valckenberg 
et al.  2011 ). Complete ONL loss can usually be 
observed within the area of RPE loss (94 % of the 
cases) (Bearelly et al.  2009 ; Schmitz-Valckenberg 
et al.  2011 ). However, ONL loss does not occur 
abrupt. It rather thins gradually initiating on aver-
age 61 μm outside of the atrophy borders. Loss of 
ELM starts slightly inside the border of RPE atro-
phy (Fig.  14.2 ) (Bearelly et al.  2009 ). The inner 
 retinal layers usually remain intact across the 
atrophic border (Wolf-Schnurrbusch et al.  2008 ). 
The morphologic alterations as described here are 
associated with remarkable functional impair-
ments as shown by microperimetric examinations 

  Fig. 14.3    Visualization of the progression of geographic 
atrophy. Serial SD-OCT imaging shows atrophy enlarge-
ment over time as progressive loss of the inner part of the 
RPE-BM complex, the ellipsoid zone, and the ELM, 
respectively, and thinning of hyporefl ective band repre-
senting the ONL at the border of atrophy. Moving into the 
atrophic lesion, the ONL progressively thins, and the 
hyperrefl ective band above ( OPL ) approaches the remain-
ing part of band 4 (assumed Bruch’s membrane) (Image 
with permission from Fleckenstein et al.  2010 )       
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(Sayegh et al.  2014 ). In a longitudinal study, it 
could be confi rmed that expansion of GA patches 
was accompanied by advancing the loss of ELM, 
ellipsoid zone, the inner part of the RPE-BM 
complex, and a thinning of the ONL (Fig.  14.3 ) 
(Fleckenstein et al.  2010 ). In accordance with a 
progressive thinning of these layers, a decrease of 
retinal thickness over time (average – 14 μm/y) 
could be observed (Fleckenstein et al.  2010 ). 

 The exact shape of outer retinal layer loss at the 
atrophy border underlies interindividual differ-
ences. Three main types of atrophy border can be 
discriminated (Fig.  14.4 ). A fi rst classifi cation 
introduced by Brar et al. classifi ed two distinct bor-
der types (Brar et al.  2009 ). Type 1 shows smooth 
margins and no alterations of the outer retina 
(Fig.  14.4a ), while type 2 exhibits severe altera-
tions in the outer retinal layers and irregular mar-
gins with or without increased optical refl ectivity 
of the RPE (Fig.  14.4b ). Subsequently, an addi-
tional border type termed “splitting” was described 
that is characterized by a splitting of the RPE-BM 
complex (Fig.  14.4c ) (Fleckenstein et al.  2011 ). Of 
note, these atrophy border types are not patient or 
eye specifi c. Rather surrounding a single atrophic 
lesion, several of these types may occur. Little is 
known about the impact of border morphology on 
atrophy progression. A recent longitudinal study 
suggests that disruption of the ellipsoid zone pre-
dicts the direction of atrophy growth (Nunes et al. 
 2013 ). This observation suggests that photorecep-
tor damage occurs prior to RPE loss (Schmitz-
Valckenberg et al.  2011 ). The “splitting” type 
atrophy border was shown to be predominant in the 

rapidly progressing “diffuse-trickling” type of GA 
(Fleckenstein et al.  2011 ). Consequently the “split-
ting” border type itself is also associated with rapid 
atrophy progression (Moussa et al.  2013 ). Using 
minimum intensity en face SD-OCT projections, a 
recent study found a tendency of GA progression 
to preferentially occur in areas of increased mini-
mum intensity. The minimum intensity of an OCT 
A-scan is found in the ONL; these results thus sug-
gest that alterations in this zone precede atrophy 
development (Stetson et al.  2014 ). To date it has not 
been investigated if these changes in minimum 
intensity are exactly correlated with the decrease in 
ONL thickness that has been observed to precede 
RPE loss (Bearelly et al.  2009 ).  

14.4     Perilesional Zone 

 Heterogeneous changes can be noted in the perile-
sional zone of GA, which encompass retinal areas 
with visible abnormalities on the fundus photo-
graph, SLO image, or SD-OCT outside the atro-
phic patches. In some sections, the retinal layers 
appear without noticeable alterations either of the 
inner or the outer retinal layers. Alterations of 
ellipsoid zone and RPE-BM  complex may impede 
observation of the interdigitation zone 
(Fig.  14.5b–k ), and changes can be so intense that 
the four outer hyperrefl ective OCT bands become 
indistinguishable (Fig.  14.5g ). Thinning and 
thickening of the RPE-BM complex are common 
(Fig.  14.5b ) and highly refl ecting, segmented 
plaques may be observed in this band 

a b c

  Fig. 14.4    Different types of borders as visualized by 
SD-OCT. ( a ,  b ) The assumed RPE-BM complex ( band 4 ) 
narrows; and an outer layer remains throughout the atro-
phic area (assumed Bruch’s membrane). According to 
Brar et al. ( 2009 ), the margin depicted in ( a ) represents a 
type 1 border with smooth margins and no alterations of 

the outer retina, and the margin in ( b ) represents a type 2 
border with severe alterations in the outer retinal layers 
and irregular margins. ( c ) In contrast to ( a ) and ( b ), the 
“splitting” border is characterized by splitting of the 
RPE-BM complex in inner and outer regions (Image 
obtained from Fleckenstein et al.  2011 )       
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(Fig.  14.5c ). Elongated elevations (not correlated 
by funduscopically visible drusen) and dome-
shaped elevations that correlate with drusen in 
fundus images (Fig.  14.5d–f ) may occur 
(Fleckenstein et al.  2008 ). Beneath drusen, a thin 
line usually remains present on the former level of 
the RPE-BM complex (Fig.  14.5c–f ). These 
dome-shaped elevations may precede atrophy 
development (Fleckenstein et al.  2010 ). A recent 
study identifi ed pathological changes occurring 
before the development of drusen-associated atro-
phy using SD-OCT, which was defi ned as 
“nascent” GA (Wu et al.  2014 ). Unique features 
in these areas included subsidence of the OPL and 
INL and development of a hyporefl ective wedge-
shaped band within the limits of the OPL (Wu 
et al.  2014 ). There are several changes that can be 
observed on top of such a dome-shaped elevation, 
but may also occur independently (Fleckenstein 
et al.  2008 ). Apical extensions of the thickened 
RPE-BM complex can be observed with and 
without associated disruptions in the other outer 
retinal bands. These apical extensions may have 
clumps above the tips in different retinal layers 
(Fig.  14.5g–i ). Such vertical extensions had spike-
like appearances, beginning at the level of the 
RPE-BM complex, with extension through the 
overlying bands (Fig.  14.5h ) (Fleckenstein et al. 
 2008 ). Longitudinal observations show that these 
fi ndings may be considered as a continuum with 
clumps on the RPE-BM complex initially not dis-
rupting the ellipsoid zone or ELM migrating 
toward the inner retinal layers and disrupting the 
retinal bands between. The clumps may either 
fade with time or precede atrophy development 
(Fleckenstein et al.  2010 ). Hyperrefl ective clumps 
may be found also independently of underlying 
spikelike lesions and can be noted at the level of 
the OPL. Underneath those clumps, outer retinal 
layers usually appear disrupted as if a piece of the 
RPE-BM complex had been torn out and broken 
through the layers above to fi nally localize at the 
assumed OPL level (Fig.  14.5j ) (Fleckenstein 
et al.  2008 ). In the perilesional zone, a mottled 
irregular appearance of the RPE-BM complex 
accompanied by small elevations of the ellipsoid 
zone, commonly associated with a reticular dru-
sen pattern in the FAF and IR images (Fig.  14.5k ), 

may be present. Occasionally an increased 
distance between ellipsoid zone and RPE-BM 
complex can be found (Fig.  14.5l ). In one eye of a 
patient, typically multiple such alterations can be 
detected.

14.5        Morphology of the Spared 
Fovea 

 Typically, atrophic patches initially occur in the 
parafoveal retina. Over time, several atrophic 
patches may coalesce, and new atrophic areas 
may occur. This can result in a horseshoe- and 
later ringlike confi guration of atrophy surround-
ing the fovea. Thus, the fovea itself may remain 
uninvolved in the atrophic process until late in 
the course of the disease, a phenomenon referred 
to as “foveal sparing” (Sunness et al.  1995 ; 
Sarks et al.  1988 ). When the fovea fi nally 
becomes involved, a dramatic loss in visual acu-
ity occurs, and less benefi t would be expected 
from any future therapeutic intervention aiming 
to slow down or halt the natural course of the 
disease (Maguire and Vine  1986 ; Sunness et al. 
 1999 ). In SD-OCT scans of a healthy macula, 
the foveal depression (resulting in the physio-
logical absence of the inner retinal layers in this 
area) is visualized (Fig.  14.6a ). In patients with 
AMD and GA, the “spared fovea” may exhibit 
various  alterations. Frequently an irregular and 
broad band of increased refl ectivity at the site of 
the three outer hyperrefl ective bands can be 
found making details of these three bands invis-
ible (Schmitz- Valckenberg et al.  2009 ). However 
the ELM usually remains visible. Interestingly 
when the atrophy does not entirely surround the 
fovea, outer retinal bands may be distinguish-
able (Wolf- Schnurrbusch et al.  2008 ). In the 
spared fovea, the ONL was found to be mark-
edly swollen (Fig.  14.6b ) (Schmitz-Valckenberg 
et al.  2009 ). Recent results suggest that not the 
entire ONL but rather the Henle’s fi ber layer 
was thickened. This implies that not a swelling 
of the photoreceptor nuclei themselves but 
rather their axons or of the Müller cells is 
responsible of the observed thickening (Mones 
et al.  2013 ). Surrounding atrophy of the outer 
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  Fig. 14.5    Alterations of the perilesional zone. ( a ) 
SD-OCT scan obtained from a clinically normal appear-
ing retina. ( b ) SD-OCT showing thickening of the 
RPE-BM complex. ( c ) SD-OCT showing elongation and 
elevation of the RPE-BM complex with plaques beneath. 
( d ) SD-OCT showing dome-shaped elevations with pre-
served layers above. ( e ) SD-OCT showing dome-shaped 
elevation with clumps at the top. ( f ) SD-OCT showing 
dome-shaped elevation with backscattering material 

beneath. ( g ) SD-OCT showing apical extensions of the 
RPE-BM complex. ( h ) SD-OCT showing a spike with a 
clump at the tip. ( i ) SD-OCT showing clumps at different 
retinal levels. ( j ) SD-OCT showing a clump in the OPL 
with disrupted bands beneath. ( k ) SD-OCT showing small 
elevations of the ellipsoid zone and mottled RPE-BM 
complex. ( l ) SD-OCT showing increased distance 
between both bands (Figure copyright: Fleckenstein et al. 
 2008 )       
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retinal layers together with this foveal swelling 
leads to a loss of the usual concave confi gura-
tion of the foveal pit. Instead the inner retinal 
layers show a convex shape. The inner retinal 
layers appear to be distorted and to have a ten-
dency toward perifoveal atrophy. At the site of 
atrophy, marked retinal thinning and the absence 
of the characteristic morphology of outer retinal 
layers are present (Schmitz-Valckenberg et al. 
 2009 ). At the edge between atrophy and spared 
fovea, so-called “wedge” hyperrefl ective struc-
tures ranging from the inner portion of the 

RPE-BM complex to the inner limit of the outer 
plexiform layer can be found in 70 % of the 
cases (Mones et al.  2012 ).

14.6        Evaluation of the Choroid 
in Geographic Atrophy 

 Choriocapillary atrophy is a well-described fea-
ture of GA in AMD (Green and Key  1977 ; Sarks 
et al.  1988 ), and a more general involvement of 
the choroid in the process of atrophy development 
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  Fig.14.6    Comparison of the foveal structure as observed 
in SD-OCT in a clinically healthy retina of a right eye 
( upper panel ) and a left eye with GA and foveal sparing 
( lower panel ). Underneath the SD-OCT images, retinal 
thickness curves are shown. In GA with foveal sparing, 

the subfoveal retinal thickness is increased as compared to 
the surrounding atrophic areas. The inner retinal layers 
appeared distorted and moved into the perifoveal atrophy 
(Image obtained from Schmitz-Valckenberg et al. ( 2009 ), 
with permission)       
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has been hypothesized (Friedman  1997 ,  2004 , 
 2008 ). Several recent studies made advantage of 
the newly developed enhanced depth imaging 
(EDI) modality in SD-OCT devices that enables 
the evaluation of structures beyond the Bruch’s 
membrane, in particular the entire choroid and the 
choroido-scleral interface (Fig.  14.6a ). Thereby 
reproducible measurement of choroidal thickness 
(CT) becomes possible (Margolis and Spaide 
 2009 ; Spaide et al.  2008 ). Works on early stages of 
AMD have revealed controversial results fi nding 
the CT decreased or unchanged in these patients 
(Adhi et al.  2014 ; Chung et al.  2011 ; Coscas et al. 
 2014 ; Jonas et al.  2014 ; Jirarattanasopa et al. 
 2012 ; Kang et al.  2014 ; Kim et al.  2011 ; Koizumi 
et al.  2011 ; Lee et al.  2013 ; Manjunath et al.  2011 ; 
Noori et al.  2012 ; Sigler and Randolph  2013 ; 
Wood et al.  2011 ). In contrast, three recent stud-
ies have assessed CT in GA in particular and con-
sistently fi nd that the choroid is thinned in eyes 
with this late-stage manifestation of AMD (Adhi 
et al.  2014 ; Lee et al.  2013 ; Lindner et al.  2015 ) 
(Fig.  14.6b ). The extent of thinning exceeds the 
dimension that could be attributable to choriocap-
illary thinning alone; thus these fi ndings suggest 
a more general role of the choroid in GA. Yet the 
extent of choroidal thinning seems to be different 
in distinct subtypes of GA (Lindner et al.  2015 ). 
Longitudinal data assessing whether GA develop-
ment precedes choroidal thinning or vice versa 
are still missing. 

 Two recent developments may add to the 
understanding of choroidal changes in geo-
graphic atrophy in the future. Long-wavelength 
OCT devices provide an enhanced visibility of 
sub-RPE structures analogously to the EDI mode 
but with even higher contrast that could well 
enable automated segmentation of even very 
thick choroids (Kajic et al.  2012 ; Haas et al. 
 2014 ). In addition the phase variance OCT 
enables visualization of moving tissues, i.e., the 
blood circulating through the choroid including 
the choriocapillaris (Kim et al.  2013 ; Mahmud 
et al.  2013 ; Schwartz et al.  2013 ). By this method, 
individual visualization of Haller’s layer, Sattler’s 
layer, and the choriocapillaris appears to be 
achievable and has therefore the potential to give 
a more detailed view on the changes occurring in 
the choroid in GA (Kim et al.  2013 ). Besides 

studying the pathogenesis of GA, visualization of 
the choroid by SD-OCT becomes additionally 
relevant for tracking GA progression. The signal 
from the choroid is usually obscured by the 
RPE. In areas of GA, where the RPE is missing, 
an increased signal from the RPE can be detected, 
resulting in a sharp contrast between atrophic and 
non-atrophic retina (Chen et al.  2013 ; Hu et al. 
 2013 ; Schmitz-Valckenberg et al.  2011 ; Yehoshua 
et al.  2013 ).  

14.7     Atrophy Area Quantifi cation 
in SD-OCT Images 

 For studying natural history and to obtain a sensi-
tive outcome measure for therapeutic trials in 
geographic atrophy, it is of particular importance 
to determine the size of the GA and its change 
over time. Today atrophy area as determined in 
blue FAF cSLO images is widely accepted to per-
form this task. GA area quantifi cation in FAF 
images has additionally been accepted as an out-
come measure for clinical trials by the Food and 
Drug Administration (FDA). However, the blue- 
light- excited autofl uorescence wavelengths are 
obscured by the macula pigment; therefore, using 
this method alone might reach its limits when 
measuring atrophy borders in close proximity to 
the fovea. For this reason, several recent works 
aim to establish methods to quantify atrophic 
areas in high-density SD-OCT volume scans or 
reconstructed en face OCT images (Baumann 
et al.  2010 ; Chen et al.  2013 ; Diniz et al.  2015 ; 
Gotzinger et al.  2008 ; Hu et al.  2013 ; Lujan et al. 
 2009 ; Nunes et al.  2013 ; Schmitz-Valckenberg 
et al.  2011 ; Yehoshua et al.  2013 ) (Fig.  14.7 ).

   Outer retinal atrophy leads to a remarkable 
decrease in retinal thickness; it was therefore tested 
if retinal thickness maps could serve for the mea-
surement of GA areas (Schutze et al.  2011 ). Yet, 
Schutze et al. showed that this method is prone to 
errors and did not achieve good agreements with 
FAF measurements (Schutze et al.  2011 ). These 
observations highlight the need for refi ned atrophy 
segmentation strategies in SD-OCT scans. 

 A possible more precise approach is the analy-
sis of a particular retinal layer in SD-OCT. The 
area of enhanced choroidal contrast revealed to 
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exhibit a good correlation with the atrophy margins 
as visualized in FAF suggesting that the latter 
could be a helpful structure to determine GA size 
in SD-OCT scans (Sayegh et al.  2011 ; Schmitz-
Valckenberg et al.  2011 ). Recent advances in the 

analysis of en face SD-OCT projections and so-
called sub-RPE slabs (en face OCT images created 
of the portion of OCT signal arising from beneath 
the RPE) facilitate the delineation of the choroidal 
contrast-enriched area (i.e., the atrophy, Fig.  14.8 ) 

  Fig. 14.7    SD-OCT scan obtained in EDI mode through 
the fovea of a clinically healthy macula ( a ) and a macula 
of an eye with GA ( b) . A notable thinning of the choroid 
as measured from the inner part of band 4 to the choroido- 

scleral margin ( white bars ) can be observed comparing (b) 
to (a) .  There is no apparent relationship between GA bor-
der ( arrow ) and thinning of the choroid       

a

d e f g

b c

  Fig. 14.8    Automated GA detection in an SD-OCT vol-
ume scan. Example of a geographic atrophy as imaged in 
color fundus photography ( a ), fundus autofl uorescence 
( b ), and en face SD-OCT reconstruction projected into an 
autofl uorescence image ( c ). SD-OCT en face image as 

shown in (c) ( d ) and corresponding sub-RPE slab ( e ). 
Demarcation of the GA area ( f ) manually outlined and ( g ) 
outlined by automatic segmentation algorithm in a sub- 
RPE slab image (Image obtained from Yehoshua et al. 
( 2013 ), with permission)       
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  Fig. 14.9    Determination of geographic atrophy area 
using polarization-sensitive SD-OCT scans. ( a ) En face 
image reconstructed from an SD-OCT volume scan. ( b – e ) 
Single scans obtained as demarked in (a). ( d ,  e ) Overlay 
of the SD-OCT scans shown in (b )  and (c) ,  respectively, 
with depolarizing structures. An evaluation band is 
demarked to evaluate only depolarizing structures of 

interest (highlighted in red, mainly corresponding to the 
RPE). ( f ) Retinal thickness map. ( g ,  h ) Maps of depolar-
izing pixels throughout the whole imaging depth ( g)  and 
only within the evaluation band ( h ). ( i ) Binary map as cal-
culated from (h) .   Red areas  represent detected atrophy 
(Image obtained from Baumann et al. ( 2010 ), with 
permission)       

(Chen et al.  2013 ; Hu et al.  2013 ; Lujan et al. 
 2009 ; Schutze et al.  2011 ; Yehoshua et al.  2011 ; 
Yehoshua et al.  2013 ). Recent works additionally 
showed that good intergrader agreements can be 
obtained for deciding on foveal involvement into 
the atrophy and for atrophy width measurement 
(Forte et al.  2013 ; Moussa et al.  2015 ). Another 

new approach is based on the segmentation of the 
RPE in polarization- sensitive (PS)-OCT, based on 
that layer’s depolarizing character (Gotzinger 
et al.  2008 ). On this basis, a novel segmentation 
algorithm was developed that allows automatic 
segmentation of atrophic zones (Fig.  14.9 ) 
(Baumann et al.  2010 ).
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15.1         Introduction 

 Since OCT’s invention over 20 years ago (Fercher 
et al.  1993 ; Huang et al.  1991 ; Swanson et al. 
 1993 ), it has become important for visualizing 
static and, nowadays, dynamic retinal tissue prop-
erties. The invention of spectral domain OCT 
(SD-OCT) about 10 years later (de Boer et al. 
 2003 ; Wojtkowski et al.  2002 ) revolutionized oph-
thalmic imaging once more. Visualization of 
microstructural changes in the retina and surround-
ing tissues became possible with scan averaging 
(Sakamoto et al.  2008 ), active eye-tracking, raster 
scanning patterns, enhanced depth imaging (EDI) 
(Spaide et al.  2008 ), and 1050-nm light sources for 
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deeper tissue penetration (Unterhuber et al.  2005 ). 
These techniques allowed ophthalmologists to 
assign specifi c anatomical  compartments and reti-
nal layers and accurately compare changes in the 
course of disease. Neovascular age-related macular 
degeneration (nAMD) is one of the diseases that 
has benefi ted most from advancements in OCT 
technology (Geitzenauer et al.  2011 ). Consequently, 
noninvasive SD-OCT imaging has become essen-
tial in nAMD diagnosis and follow-up in daily 
clinical routine.  

15.2     Neovascular Age-Related 
Macular Degeneration 
(nAMD) Classifi cation 

 Historically, nAMD was classifi ed based on fl uo-
rescein angiography, which located the choroidal 
neovascularization (CNV) complex in relation to 
the retinal pigment epithelium (RPE) layer and 
laid the basis for our current OCT-based classifi -
cation (Macular-Photocoagulation-Study-Group 
 1991 ). The fi rst pattern was described as  occult 
CNV  lesions or “poorly defi ned forms of CNV 
with no directly identifi able neovascular vessels.” 
In the occult pattern, the CNV lesion lies beneath 
the RPE, which makes it more diffi cult to angio-
graphically distinguish it from unaffected 
regions. In the early phase, occult CNVs are 
characterized by fi brovascular pigment epithelial 
detachment (PED) appearing as stippled hyper-
fl uorescence followed by persistent staining or 
leakage in the overlying subretinal space. Finally, 
late-stage leakage of indeterminate origin visible 
as “speckled hyperfl uorescence” with blurry bor-
ders and pooling in the overlying retinal layers 
becomes apparent. 

  Classic CNV  lesions are located between the 
RPE and the neurosensory retina and were defi ned 
as “an area of well-demarcated choroidal hyper-
fl uorescence.” During angiography, a marked leak-
age from the CNV becomes evident, and the 
spreading of the diffuse leakage blurs the margin of 
the membrane in the late phase (Freund et al.  1993 ). 

 The description of  occult CNV  lesions became 
more refi ned with the advent of indocyanine green 
(ICG) angiography as the near-infrared transmis-

sion of ICG allows a detailed look under the RPE 
and thus at the choroidal vasculature (Bischoff and 
Flower  1985 ). Occult CNV shows changing pat-
terns during ICG angiography. Hot spots and ICG 
plaques are descriptions for well- defi ned changes 
in the mid to late phase and are located within the 
same area as the occult CNV lesion in fl uorescein 
angiography (FA). Classic CNV lesions are hard 
to discriminate in ICG angiography because the 
surrounding vascular tissue emits an intense fl uo-
rescence signal (Gelisken et al.  1998 ). 

 As early as 1994, it was suggested that CNV 
classifi cation should be based on structure and 
anatomical location (Gass  1994 ). This idea 
received little attention because of the lack of 
technology to adequately image CNV lesions. 
Regard for Gass’ approach changed dramatically 
when OCT technology became available. 
However, the approach was not adopted until the 
use of SD-OCT systems became widespread as 
the resolution and speed of its predecessor, time 
domain (TD)-OCT, was inadequate for detailed 
analysis of CNV. In 2010, CNV classifi cation 
was adapted using FA and OCT characteristics: 
CNV lesions were divided into type 1 (corre-
sponding to occult CNV), type 2 (corresponding 
to classic CNV), and type 3 intraretinal neovas-
cularization (retinal angiomatous proliferation, 
RAP) (Yannuzzi et al.  2001 ; Zacks and Johnson 
 2004 ). Polypoidal choroidal vasculopathy (PCV) 
was added as a fourth entity, categorized as a sub-
type of type 1 CNV (Freund et al.  2010 ). The 
simultaneous presence of characteristics of types 
1, 2, or 3 is referred to as mixed forms of CNV. 

 Both OCT and FA are essential to reliably distin-
guish between CNV subtypes. Jung et al. compared 
the fl uorescein angiography classifi cation (Macular-
Photocoagulation-Study-Group  1991 ) and the ana-
tomic classifi cation (FA and SD-OCT) (Freund 
et al.  2010 ). They found agreement between the two 
classifi cation systems to be good; however, the 
combination of FA and OCT clearly identifi ed more 
type 3 and mixed lesions, a result – according to 
Jung et al.– to be expected because of the diffi cul-
ties in identifying type 3 and mixed neovasculariza-
tion in fl uorescein angiography (Jung et al.  2014 ). 

 The European Society of Retina Specialists 
(EURETINA) Schmidt-Erfurth et al. ( 2014a ), the 
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American Academy of Ophthalmology (AAO) 
(AAO  2015 ), and the Royal College of 
Ophthalmologists (RCOphth) (Chakravarthy 
et al.  2013 ) state that FA and ICG are mandatory 
for the initial diagnosis of nAMD and provide the 
base for visualization of neovascular changes as 
well as dynamic criteria such as perfusion and 
exudation. The effect of anti-VEGF therapy can 
be effectively monitored by OCT imaging, pref-
erably by SD-OCT.  

15.3     Compartment-Based nAMD 
Features on Optical 
Coherence Tomography 

 Table  15.1  gives an overview of the most impor-
tant morphologic characteristics occurring in the 
course of exudative AMD. They are explained in 
more detail in the following paragraphs.

15.3.1       Subretinal Pigment 
Epithelium Features 

 Advances in spectral domain OCT, particularly 
the EDI mode and swept-source (SS)-OCT using 
longer wavelengths, allow a closer look at the 

structures present under the RPE in 
nAMD. Growth of choroidal neovascularization 
beneath the RPE causes pigment epithelial 
detachment (PED), separating Bruch’s mem-
brane and the RPE. The appearance of PEDs var-
ies greatly in size and content. PEDs are 
categorized as serous or fi brovascular based on 
the PED content on OCT scans (Zayit-Soudry 
et al.  2007 ). Serous PEDs are caused by fl uid 
accumulation between the RPE and Bruch’s 
membrane and appear as hyporefl ective, dome- 
shaped lesions on SD-OCT (Fig.  15.1a ). 
Fibrovascular PEDs are often irregularly shaped 
and fi lled with moderately hyperrefl ective con-
tent (Fig.  15.1b ). However, most lesions are of a 
mixed confi guration, and both serous and fi bro-
vascular components are frequently present in the 
same eye in the course of nAMD. Various OCT 
signs associated with PED were reported, yet 
none became a valid OCT biomarker 
 (prechoroidal cleft, triple-layer sign, hyperrefl ec-
tive line) for CNV activity or RPE tear (Khan 
et al.  2012 ; Mukai et al.  2014 ; Nagiel et al.  2013 ; 
Spaide  2009 ). The results of the VIEW 2 trial, the 
largest study ever in nAMD therapy with over 
1200 patients, show that PED is the primary indi-

   Table 15.1    Common nAMD features that can be appre-
ciated on OCT images   

 OCT feature  Description 

 PED (pigment 
epithelial 
detachment) 

 Areas of detached pigment 
epithelium. The lesion is fi lled 
with serous fl uid and/or 
fi brovascular tissue 

 SHRM (subretinal 
hyperrefl ective 
material) 

 Thickening of the outer refl ective 
band, mostly in association with 
fi brosis 

 SRF (subretinal 
fl uid) 

 Area of low refl ectivity between 
the outer retina and the RPE 

 IRC (intraretinal 
cysts) 

 Intraretinal cystoid areas of low 
refl ectivity 

 ORT (outer retinal 
tubulation) 

 Branching hyporefl ective lesion 
in the outer retina with 
hyperrefl ective border 

 IRF (intraretinal 
fl uid) 

 Increased retinal thickness with 
reduced retinal refl ectivity; 
frequently in association with 
IRC 

a

b
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  Fig. 15.1    Pigment epithelial detachment (PED). ( a ) 
Serous PED: SD-OCT showing dome-shaped PED swell-
ing ( * ) with serous content. ( b ) Fibrovascular PED: 
SD-OCT showing hyperrefl ective content ( x ) and irregu-
lar contour. ( c ) RPE tear: SD-OCT showing RPE discon-
tinuity ( black arrow ) adjacent to PED after anti-VEGF 
treatment       
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cator for progressive nAMD activity and the 
underlying event for visual loss under PRN (pro 
re nata, treatment as needed) treatment (Schmidt-
Erfurth et al.  2015 ). PEDs can collapse in 
response to anti-VEGF therapy due to fi brosis of 
the fi brovascular content and reduced fl uid exu-
dation (Fig.  15.1b ).

    RPE tears  may result during the course of the 
disease and after anti-VEGF treatment. Eyes with 
fi brovascular PEDs, where the CNV is attached 
to the RPE, are especially prone to RPE tears. 
SD-OCT showed that RPE tears usually occur 
after the fi rst anti-VEGF treatment, as contrac-
tion of the CNV induces tension on bare RPE 
areas, leading to adjacent tears if the RPE is not 
stabilized by CNV or attached to Bruch’s mem-
brane (Nagiel et al.  2013 ). Post-tear OCT images 
reveal a discontinuous RPE layer (Fig.  15.1c ).  

15.3.2     Subretinal Features 

 The subretinal compartment is located between 
the neurosensory retina and the RPE. SD-OCT 
can visualize type 2 and also type 3 neovascular-
ization at the subretinal site. Neovascularizations 
appear as hyperrefl ective, inhomogeneous convo-
lutes (Sulzbacher et al.  2011 ). Follow-up of 
patients receiving anti-VEGF therapy shows a 
shrinking and fl attening of the CNV lesion in 
association with fi brosis, which becomes visible 
on SD-OCT as a hyperrefl ective subretinal area 
(You et al.  2012 ). However, although the total 
lesion size does not change signifi cantly under 
anti-VEGF therapy (Framme et al.  2010 ; Kiss 
et al.  2009 ), the retinal morphology starts reorga-
nizing and CNV stabilizes (You et al.  2012 ) or 
regresses with subsequent geographic atrophy 
development (Channa et al.  2015 ). 

 Because the neovascular process takes place in 
the subretinal space, exudation leads to focal 
detachments of the neurosensory retina and sub-
retinal fl uid (SRF) accumulation. In VIEW 2, SRF 
was the most frequent OCT fi nding (84 %) in newly 
diagnosed nAMD patients (Schmidt- Erfurth et al. 
 2015 ).  Subretinal fl uid  can be easily detected on 
OCT as a hyporefl ective space under the neurosen-
sory retina (Fig.  15.2a ). If subretinal fl uid is present 

in combination with a PED, fl uid typically pools on 
both sides of the PED leading to a triangular con-
fi guration of the hyporefl ective areas (Fig.  15.2b ). 
Contrary to earlier literature, where SRF was con-
sidered a strong sign for CNV activity with the 
need of immediate treatment (Bolz et al.  2010 ), 
there is recent evidence that SRF that is refractory 
to anti-VEGF treatment still allows the visual 
improvement to be maintained. Jang et al. suggest 
that monthly injections should be questioned when 
refractory SRF is present (Jang et al.  2014 ).

   The optical density ratio of SRF in SD-OCT 
may help in distinguishing CNV from other enti-
ties associated with CNV and fl uid exudation 
such as central serous chorioretinopathy (CSC). 
It characterizes the optical density of fl uids accu-
mulating in the retina in comparison with the 
optical densities of the vitreous body. Optical 
densities were reported to be statistically signifi -
cantly higher in CNV than in other diseases. The 
component-laden SRF in nAMD is therefore 
thought to comprise elements potentially toxic to 
the blood-retinal barrier, resulting in blood- 
retinal barrier dysfunction. This has been shown 
to be disadvantageous for visual outcome (Ahlers 
et al.  2008 ,  2009 ). 

  Subretinal hyperrefl ective material (SRHM)  is 
mainly associated with type 2 and 3 CNV lesions 
(Liakopoulos et al.  2008 ), where neoangiogenetic 
vessels intrude into the subretinal space 
(Grossniklaus and Green  2004 ). With anti-VEGF 

a

b

  Fig. 15.2    Subretinal fl uid. ( a ) SD-OCT showing subreti-
nal fl uid ( x ) in neovascular age-related macular degenera-
tion.  (b ) SD-OCT shows serous pigment epithelial 
detachment (PED,  * ) with triangular-shaped subretinal 
fl uid (SRF,  ° ) on the left side and cystic changes (IRC) on 
the right side ( black arrow )       

 

R. Told et al.



187

therapy, these neovascular convolutes reorganize 
and the fi brous component increases, which leads 
to the formation of a well-demarcated scar 
(Fig.  15.3 ) (Keane et al.  2012 ). SRHM appears as a 
subretinal hyperrefl ective area on OCT images. 
The functional impact of SRHM was investigated 
in the CATT study population. Baseline SRHM 
was found to lead to an increased likelihood of scar 
formation (Daniel et al.  2014 ) as well as a continu-
ing loss of visual function (Ying et al.  2014 ).

15.3.3        Intraretinal Features 

 The intraretinal compartment is severely affected 
in nAMD, fi rstly by neovascularizations type 2 
and 3 and secondly by fl uid exudations from 
these lesions. Moreover, late-stage type 1 lesions 
are frequently associated with intraretinal 
changes. These morphological changes translate 
into diffuse retinal swelling/edema and intrareti-
nal cystoid fl uid on OCT. 

  Intraretinal cystoid fl uid  (IRC) appears as 
round hyporefl ective spaces of various size, pre-
dominantly in the inner and outer nuclear layers. 
IRC usually indicates exudative activity of the 
underlying CNV. In a recent study, about 40 % of 
patients developed IRC at least once during the 
fi rst year after treatment was initiated. In 80 % of 
patients presenting with exudative cystoid fl uid, 
cystoid fl uid reoccurred less than three times dur-
ing the fi rst year of treatment. Cystoid fl uid resolv-
ing during the loading interval (fi rst 3 months of 
anti- VEGF treatment) is referred to as exudative 
(Fig.  15.4a ); cystoid fl uid persistent after the fi rst 3 
months is considered degenerative cystoid fl uid 
(Fig.  15.4c ) (Schmidt-Erfurth et al.  2015 ). The 

presence of exudative cystoid fl uid is an important 
fi nding on OCT as cysts are associated with a 
higher risk for visual loss associated with fi brosis 
and atrophy (Gianniou et al.  2015 ). Therefore, 
intraretinal cystoid fl uid is considered the most rel-
evant prognostic biomarker in nAMD (Ritter et al. 
 2014 ). In end-stage AMD, intraretinal cystoid 
fl uid may be present above the atrophic scar, which 
appears as a hyperrefl ective and thickened RPE on 
OCT. A sharp demarcation indicates the border-
line between scar with cystoid changes and healthy 
retina. The presence of degenerative cystoid fl uid 
and an underlying fi brotic scar are thought to be 
irreversible, and patients may not benefi t from fur-
ther anti-VEGF therapy.

15.3.3.1       Outer Retinal Tubulation 
 Zweifel et al. characterized outer retinal tubula-
tion (ORT) based on OCT. ORTs are branching 
tubular structures found in the outer nuclear layer 
(Fig.  15.5 ); however, ORT are not pathogno-
monic for nAMD (Zweifel et al.  2009 ). ORTs are 

  Fig. 15.3    Subretinal hyperrefl ective material (SHRM). 
SS-OCT showing subretinal hyperrefl ective material 
( black arrow ) after multiple anti-VEGF injections       

a
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  Fig. 15.4    Intraretinal cystoid fl uid (IRC). ( a ) SD-OCT 
showing exudative IRC ( black arrow ) with underlying 
pigment epithelial detachment before treatment. ( b ) 
SD-OCT showing resolved IRC one month after antian-
giogenetic treatment. ( c ) SS-OCT showing subretinal 
hyperrefl ective material (SHRM) with overlying degen-
erative IRC ( black arrow ) and outer retinal tubulation 
(ORT,  white arrow )       

 

 

15 Neovascular Age-Related Macular Degeneration



188

present in other eye diseases as well, such as reti-
nitis pigmentosa or in association with angioid 
streaks (Ellabban et al.  2012 ; Tulvatana et al. 
 1999 ). Histopathological analysis shows that 
ORTs largely consist of cones in various phases 
of degeneration lacking outer segments and inner 
segments, morphologically altered mitochondria, 
and external limiting membrane delineating the 
luminal wall (Schaal et al.  2015 ). On SD-OCT, 
ORT has a tubelike appearance with hyporefl ec-
tive centers and hyperrefl ective borders. En face 
images reveal branching networks emanating 
from neovascular lesions (Wolff et al.  2012 ). 
When reviewing OCT scans, care must be taken 
to distinguish ORT from intraretinal cysts or sub-
retinal fl uid without a hyperrefl ective border. 
ORTs are commonly present outside the foveal 
central 1-mm area, but progress centrally in the 
course of the disease (Lee et al.  2014 ). A recent 
study based on the CATT (comparison of anti- 
VEGF treatment trails) population suggests that 
ORTs are an important fi nding on OCT as eyes 
with ORT have signifi cantly worse visual acuity 
(VA) at baseline and after 2 years than eyes with-
out ORT change (Lee et al.  2014 ). VA outcomes 
were consistent with previous fi ndings in which 
ORT had been associated with signifi cantly 
worse VA; however, under anti-VEGF treatment, 
an increase in VA was still recorded (Faria- 
Correia et al.  2013 ).

15.3.4         Vitreo-macular Interface 

 The vitreo-macular interface has gained scientifi c 
interest with the availability of high-resolution 

imaging techniques and raster scanning options. 
The age group of AMD patients, which is elderly, 
usually presents with a complete posterior vitre-
ous detachment. This is the antelocation and 
liquifi cation of the vitreous body and the separa-
tion of the vitreous cortex from the retina 
(Kakehashi et al.  1994 ). Vitreous adhesions have 
been found to be more common in the eyes with 
CNV than in the healthy control eyes (Mojana 
et al.  2008 ). A fi rm adherence of the vitreous is 
seen at the natural adhesion sites in nAMD 
(Fig.  15.6 ). Local infl ammatory processes are 
thought to lead to the vitreous adhesion at the site 
of CNV (Mayr-Sponer et al.  2013 ). However, 
there is currently no evidence that the adhesive 
vitreous promotes or causes the development of 
CNV (Waldstein et al.  2012 ,  2014 ).

   With SD, and more so with SS-OCT (Liu and 
Zhang  2014 ), it is possible to visualize and char-
acterize the vitreous attachment. Complete 
detachment, focal adhesion, and detachment from 
the macula with adhesion at the optic disc or ves-
sel arcades as well as complete attachment have 
been described. A retinal angiomatous prolifera-
tion (RAP) was present in 88 % of patients with 
juxtafoveally localized vitreo-macular adhesion, 
and the adhesion area was colocalized with the 
area of the RAP. In general, the area of  adhesion 
corresponded directly to the area of CNV (Krebs 
et al.  2011 ). A recent study including 255 treat-
ment-naïve patients with nAMD found that the 
vitreo-macular adhesions resolved in about 40 % 
after several months of anti-VEGF therapy 
(Waldstein et al.  2014 ). The confi guration of the 
vitreo-macular interface has been shown to have 
an important infl uence on the visual outcome. 
Eyes with vitreo-macular adhesion might benefi t 

  Fig. 15.5    Outer retinal tubulation (ORT). SD-OCT 
showing hyperrefl ective borders ( white arrow ) as well as 
SRHM and overlying neurosensory atrophy after multiple 
anti-VEGF treatments       

  Fig. 15.6    Vitreo-macular adhesion. SD-OCT showing 
partial posterior vitreous detachment ( black arrow ) in 
nAMD with serous pigment epithelial detachment ( PED ), 
subretinal fl uid ( SRF ), and intraretinal cystoid fl uid ( IRC )       
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from a fi xed therapy regime with intensive retreat-
ment, whereas eyes with posterior vitreous 
detachment may achieve adequate disease control 
with a PRN regime and lower retreatment fre-
quency (Mayr-Sponer et al.  2013 ). 

 Besides vitreo-macular adhesion,  vitreo- 
macular traction  is an important fi nding in 
nAMD as it leads to severe disorganization of 
retinal architecture (Green-Simms and Bakri 
 2011 ; Schulze et al.  2008 ). Vitreo-macular trac-
tions are easily visualized with SD and 
SS-OCT. The retinal contour and the angle of 
insertion give information on the nature of the 
traction and the need for surgery (Duker et al. 
 2013 ).   

15.4     Neovascular Age-Related 
Macular Degeneration 
Subtype Characteristics 
on SD-OCT 

 Accurate identifi cation of exudative AMD sub-
types and characteristics is a prerequisite when 
aiming for individualized therapy whereby phy-
sicians can predict which patients will respond 
well in, e.g., a strict monthly or PRN regime. In 
the following paragraphs, the anatomic classifi -
cation of CNV based on FA and OCT (Freund 
et al.  2010 ) is used to introduce OCT characteris-
tics of the different CNV lesions, which are 
defi ned as type 1 (sub-RPE), type 2 (subretinal), 
type 3 (intraretinal), or mixed. PCV is catego-
rized as a form of type 1 CNV. Types 1, 2, and 3 
correspond to occult, classic, and RAP (retinal 
angiomatous proliferation) lesions in FA 
angiography. 

 Jung et al. assessed the frequency of newly 
diagnosed exudative AMD subtypes with 
SD-OCT. Type 1 (sub-RPE) was most frequent 
with 40 %, followed by type 3 (intraretinal) with 
34 %, mixed neovascularization because of AMD 
with 17 %, and type 2 (subretinal) CNV with 9 % 
(Jung et al.  2014 ). These fi ndings are in good 
agreement with other studies, yet the incidence of 
type 3/RAP was higher, which might be explained 
fi rstly by the fact that the current SD-OCT reso-
lution is benefi cial for RAP identifi cation 

(Mathew et al.  2014 ) and secondly by the large 
differences in incidence among ethnic groups. 
RAP incidence has been reported as 0.8–4.5 % in 
a Japanese cohort (Hirami et al.  2009 ; Maruko 
et al.  2007 ) and 4.5 % in a Chinese cohort (Liu 
et al.  2007 ) and is overall rare in African- 
American AMD patients (Yannuzzi et al.  2008 ). 
Type 3 incidence in white patients varies from 10 
to 22 % (Gross et al.  2005 ; Slakter et al.  2000 ; 
Yannuzzi et al.  2001 ). 

 Various studies have investigated the correla-
tion between fundus fl uorescein angiography and 
SD-OCT. Mathew et al. reported high sensitivity 
(86–98 %) and specifi city (84–100 %) of SD-OCT 
in identifi cation of nAMD subtypes. Weighted 
kappa statistics assessing the agreement between 
fundus (F) FA and SD-OCT showed an almost 
perfect agreement (0.85) (Mathew et al.  2014 ). 
However, a recent meta-analysis that compared 
the accuracy of OCT with alternative tests, most 
importantly FA, in monitoring and detecting dis-
ease activity, found substantial disagreement 
between OCT and FA in nAMD follow-up. 
Although OCT (TD and SD) was highly sensi-
tive, it was moderately specifi c in determining 
nAMD activity. Consequently, Castillo and coau-
thors do not recommend the sole use of OCT for 
detection of AMD reactivation (Castillo et al. 
 2015 ), which is in agreement with current guide-
lines (AAO  2015 ; Chakravarthy et al.  2013 ; 
Schmidt-Erfurth et al.  2014a ,  b ). 

15.4.1     Type 1 Lesion 

 Type 1 neovascularization corresponds mainly to 
the occult form of CNV and is defi ned as 
 hyperrefl ective areas posterior of the RPE in 
SD-OCT, which is frequently associated with 
PED. The 3D en face map of the RPE layer 
reveals a dome- shaped area with an area of fi bro-
vascular material (Malamos et al.  2009 ). 
Enhanced depth imaging (EDI) helps to visualize 
and localize the content of the whole fi brovascu-
lar PED. The en face projection of the hyperre-
fl ective material perfectly matches the 
hyper-fl uorescent neovascularization in ICG 
angiography (Coscas et al.  2012 ). 
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 Often type 1 CNV lesions are clinically silent 
for a long time because the overlaying neurosen-
sory retina remains dry and the retinal architecture 
is maintained. Clinically manifest type 1 CNV 
lesions are characterized by exudative features on 
OCT, where mostly subretinal fl uid can be seen. 
Subretinal fl uid on OCT is a clear sign to initiate 
anti-VEGF therapy. With disease progression, dis-
ruption of the blood-retinal barrier and alterations 
of the RPE layer occur, and consequently intrareti-
nal cystoid spaces appear on OCT.  

15.4.2     Polypoidal Choroidal 
Vasculopathy 

 Today, there is widespread consensus that polyp-
oidal choroidal vasculopathy is a subtype of type 
1 nAMD. But whether or not it could be a distinct 
entity of the choroidal vasculature is still dis-
cussed. It has a high prevalence in Asian patients 
and is more frequent in Asian male than female 
patients as opposed to Caucasian people where it 
occurs more often in female than in male patients 
(Imamura et al.  2010 ). Clinical signs of polypoi-
dal lesions are very diverse, which is why initial 
diagnosis is confi rmed by ICG angiography, 
which identifi es polypoidal dilatations and 
branching networks of choroidal vessels. 

 On SD-OCT, PCV neovascularizations 
appear as sub-RPE lesions, with multiple large 
and small PEDs attaching to the outer surface 
of the RPE, as well as branching communica-
tions. With SS-OCT, polypoidal structures 
were identifi ed between the RPE and Bruch’s 
membrane. Branching vascular networks above 
and below Bruch’s membrane as well as cho-
roidal vascular abnormalities were found. En 
face OCT maps located under the RPE visual-
ize the entire topography of polypoidal lesions 
best. This has been shown in SD and SS-OCT 
systems (Alasil et al.  2015 ; Imamura et al. 
 2010 ; Saito et al.  2008 ; Sayanagi et al.  2015 ), 
the latter systems being superior. En face view 
may also reveal the “hematocrit sign,” describ-
ing a lesion where blood is presumed to be 
separated into corpuscular and serous compo-
nents (Imamura et al.  2010 ).  

15.4.3     Type 2 Lesion 

 In type 2 CNV, the RPE layer is penetrated by the 
neovascular tissue, which grows within the sub-
retinal space. As the origin of the subretinal neo-
vascular complex lies within the choroid, type 2 
CNV is connected to a type 1 choroidal lesion. 
Type 2 neovascular membranes are identifi ed as 
hyperrefl ective and thickened areas anterior to 
the RPE in SD-OCT. Because of the vessel leak-
age, intraretinal fl uid in the form of cysts is one 
of the fi rst signs visible on OCT. SD-OCT has 
been shown to be the method of choice in type 2 
CNV: FA and ICG angiography underestimate 
the size of the neovascular complex as the area of 
the associated edema cannot be delineated in FA 
and ICG angiography (Sulzbacher et al.  2011 ). 
Type 2 lesions usually improve in tissue mor-
phology with anti-VEGF therapy by regress in 
retinal thickness, RPE regrowth, and ellipsoid 
zone/interdigitation zone rearrangement, indicat-
ing improved tissue function. CNV diameters, 
however, remained stable, which is particularly 
true for the occult components of the CNV lesion 
(Framme et al.  2010 ; You et al.  2012 ).  

15.4.4     Type 3/Retinal Angiomatous 
Proliferation 

 The type 3 AMD subtype is also known as retinal 
angiomatous proliferation (RAP) and is charac-
terized by neovascularization, presumed to origi-
nate from the retina (Sayanagi et al.  2014 ). Type 
3 was fi rst described in 1996 as a deep retinal 
anomalous complex with advanced Bruch’s 
membrane changes and severe visual loss 
(Hartnett et al.  1996 ) and is considered the sec-
ond most frequent form of AMD (Jung et al. 
 2014 ) with varying numbers reported. 

 Today we know that depending on the stage of 
the disease, intraretinal neovascularizations are 
not limited anterior of the RPE, as a retinochoroi-
dal anastomosis is present on SD-OCT in the late 
stage of the disease (Yannuzzi et al.  2001 ). Also 
IRC in combination with PED are a common 
characteristic (Rouvas et al.  2010 ; Schmidt-
Erfurth et al.  2014 ). Outer retinal layer disorgani-
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zation becomes evident on OCT with progression 
of the disease (Querques et al.  2013 ).   

15.5     Optical Coherence 
Tomography Biomarkers 
and Clinical Implications 

 OCT is currently the most frequently used device 
in exudative AMD management. Ever since OCT 
became available, a huge effort has been made to 
identify OCT biomarkers that facilitate nAMD 
management and provide solid surrogate vari-
ables for treatment response and functional prog-
nosis. In the fi rst approach of defi ning OCT-guided 
retreatment criteria for anti-VEGF therapy, Fung 
et al. were able to show that the number of retreat-
ments could be reduced in the OCT-guided group 
compared with a fi xed treatment regime. The 
visual acuity outcome of the OCT-based retreat-
ment group was comparable to the fi xed regimen 
used in phase III clinical trials (Fung et al.  2007 ). 
However, these favorable initial results could 
never be replicated on a large scale. Thus, it is 
essential to understand the precise relation 
between morphologic retina changes over time 
and functional outcomes and to establish guide-
lines for nAMD treatment. The following para-
graphs introduce established and promising 
future OCT criteria. 

15.5.1     Central Retinal Thickness 
(CRT) 

 CRT was fi rst used in the ANCHOR and 
MARINA trials and served as a secondary out-
come measure (Brown et al.  2006 ; Rosenfeld 
et al.  2006 ). Both studies employed a fi xed treat-
ment regimen with monthly intravitreal injec-
tions. CRT change became the most frequent 
criteria for retreatment decisions when nAMD 
treatment was individualized applying PRN 
(pro re nata, treatment as needed) treatment 
based on predefi ned retreatment criteria (Fung 
et al.  2007 ; Holz et al.  2011 ; Schmidt-Erfurth 
et al.  2011 ). The Comparison of Age-Related 
Macular Degeneration Trials (CATT) later sug-

gested that retreatment should be based on a 
zero-tolerance strategy of fl uid seen on OCT by 
eradication as early as possible (Martin et al. 
 2012 ). Switching from low-resolution TD-OCT 
to high-resolution SD-OCT by eradication led 
to more retreatment numbers being reported 
(Busbee et al.  2013 ) because the high resolution 
and large number of scans possible with 
SD-OCT revealed small occurrences of fl uid. 
Major et al. affi rmed the superiority of SD-OCT 
over TD-OCT as it revealed more exudative dis-
ease activity (Major et al.  2014 ). 

 Today CRT-based PRN treatment is still the 
most commonly used regimen in Europe (Schmidt-
Erfurth et al.  2014 ). Therefore, it is not surprising 
that all recent OCT devices provide false-color-
coded retinal thickness maps that give a fi rst 
impression of macular topography (Fig.  15.7 ). The 
maps are usually divided into nine subfi elds 
(Early-Treatment-Diabetic- Retinopathy-Study-
Group  1985 ); the center fi eld equates to the CRT, 
which is defi ned as the average retinal thickness 
within a 1-mm circular area centered on the fovea. 
Great attention should be paid to OCT B scans as 
increases in retinal thickness comprise a multitude 
of pathological retinal changes.

   Despite its popularity, treatment based solely on 
CRT is already outdated. CRT only correlates with 
visual function in treatment-naïve patients and dur-
ing the loading phase (fi rst 3 months with monthly 
intravitreal anti-VEGF injections) (Bolz et al. 
 2010 ). Simader et al. were able to show that the 
change in CRT from baseline does not correlate 
with best-corrected visual acuity (BCVA) after a 
3-month loading interval (Simader et al.  2014 ). 

 Various pharmaceutical trials have considered 
the reduction in CRT a therapeutic success, 
although it is known that CRT is not necessarily 
associated with improved retinal function 
(Chakravarthy et al.  2012 ; Cohen et al.  2013 ; 
Martin et al.  2011 ; Roberts et al.  2014 ). The mis-
match between CRT and BCVA emphasizes the 
need for OCT biomarkers that better indicate a 
functional benefi t from nAMD therapy. 

15.5.1.1     Value for Clinical Routine 
 As functional outcomes correlate poorly with 
CRT and subtle changes are inadequately mir-

15 Neovascular Age-Related Macular Degeneration



192

rored in CRT, solely relying on CRT to make 
clinical decisions or using CRT as retreatment 
criteria in clinical trials is not recommended. 
However, CRT gives a fi rst impression of retinal 
topography.   

15.5.2     External Limiting Membrane 
(ELM) and Ellipsoid Zone 

 The integrity of the external limiting membrane 
(ELM) and the ellipsoid zone as assessed by 
OCT correlates well with visual acuity in patients 
with nAMD. Müller cells and photoreceptors are 
assumed to connect at the ELM layer. Thus, ELM 
together with ellipsoid zone is considered a crite-
rion that directly refl ects photoreceptor function. 
However, ELM is no predictor for individual loss 
or recovery in BCVA, but rather mirrors the cur-
rent functional state of the retina (Roberts et al. 
 2014 ). It has to be kept in mind that ELM integ-
rity is not pathognomonic for nAMD. A correla-
tion with visual acuity has also been found in 
retinal detachment, retinal vein occlusion, and 
macular hole (Chhablani et al.  2013 ; Landa et al. 
 2012 ; Wakabayashi et al.  2009 ; Wolf- 
Schnurrbusch et al.  2011 ). A small body of evi-
dence suggests that the ellipsoid zone status in 
nAMD is a good indicator for BCVA after anti- 
VEGF injections (Sayanagi et al.  2009 ; Ueda- 

Arakawa et al.  2012 ). However, adjacent lesions 
make it very diffi cult to delineate the state of the 
photoreceptor layers in OCT, for example, shad-
owing or signal transmission occurs due to the 
changed retinal architecture in disease. 

15.5.2.1     Value for Clinical Routine 
 The biggest challenge for using outer retinal 
bands/layers as biomarkers in nAMD is accu-
rately quantifying subtle changes in these con-
tours. Also, the predictive value for visual acuity 
is questionable, as so far there is no reliable data 
which indicates that assessing changes in outer 
retinal layers has the power to predict visual acu-
ity in the course of the disease. The huge effort 
being made to automatically process OCT data 
might allow changes in the outer retinal layers to 
be accurately assessed in the future.   

15.5.3     Optical Density Ratio 

 The optical density ratio (ODR) might be a valu-
able biomarker in nAMD as it correlates well 
with BCVA under anti-VEGF therapy and may 
be useful for differentiation as well as prognosis 
(Ahlers et al.  2009 ). As described previously, the 
ODR compares the optical density of fl uid accu-
mulation in or under the retina to the optical den-
sity of the vitreous body. Optical density ratios 

a b

  Fig. 15.7    False color-coded retinal thickness maps. ( a ) Healthy eye. ( b ) Neovascular age-related macular degeneration 
with intra retinal cystoid fl uid       
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change in the course of the disease because the 
blood-retinal barrier regains function under anti- 
VEGF therapy and prevents the CNV from leak-
ing. A high optical density signal indicates 
increased refl ectivity of the fl uid accumulation, 
which is assumed to be caused by the protein 
concentration in the SRF (Baek and Park  2015 ) 
and is therefore thought to be a direct indicator 
for the blood-retinal barrier function (Ahlers 
et al.  2009 ; Baek and Park  2015 ; Neudorfer et al. 
 2012 ). Further, Ahlers et al. showed that ODR 
changes correlate well with BCVA changes under 
anti-VEGF therapy (Ahlers et al.  2009 ). 

15.5.3.1     Value for Clinical Routine 
 A small body of evidence suggests that the opti-
cal density ratio might become a biomarker in 
future to help distinguish between diseases asso-
ciated with fl uid accumulation. Studies with 
larger sample sizes and longer follow-up are 
however needed to determine sensitivity and 
specifi city for clinical use.   

15.5.4     Outer Retinal Tubulation 
(ORT) 

 We have mentioned outer retinal tabulation pre-
viously as fi ndings of the intraretinal space, con-
taining degenerated photoreceptors, almost 
exclusively cones, and Müller cells (Schaal et al. 
 2015 ). ORT may be misdiagnosed as new fl uid 
in the retina which lacks the hyperrefl ective bor-
der. The prevalence of ORT in the fi rst year of 
anti- VEGF treatment is around 17 % and 
increases to over 40 % after 4 years (Dirani et al. 
 2015 ). ORT may be considered a valuable OCT 
biomarker for future clinical trials as BCVA and 
retinal sensitivity (microperimetry) were shown 
to be signifi cantly worse in nAMD eyes with 
ORT than ORT-free eyes, both at baseline and 
after 1–2 years’ follow-up (Faria-Correia et al. 
 2013 ; Lee et al.  2014 ; Dirani et al.  2015 ; Iaculli 
et al.  2015 ). 

15.5.4.1     Value for Clinical Routine 
 ORT is known to be associated with a reduced 
visual prognosis in nAMD, yet not to be pathog-

nomonic. Therefore, further research is needed to 
establish ORT as an OCT biomarker for future 
treatment decisions.   

15.5.5     Intraretinal Cysts (IRC), 
Subretinal Fluid (SRF), 
Pigment Epithelial 
Detachment (PED) 

 So far, most clinical trials investigating fl exible 
PRN treatment have shown that PRN is inferior 
to strict monthly injections. The fi rst clinical anti-
VEGF trials using various treatment regimen 
have given insight into detailed morphologic 
changes in sub-/intraretinal fl uid compartments 
and their correlation with functional outcomes 
such as BCVA. 

 Three pathologic changes affecting central 
retinal morphology have been described in 
nAMD patients; intraretinal cystoid fl uid (IRC, 
Fig.  15.4 ), subretinal fl uid (SRF, Fig.  15.2a ), and 
pigment epithelial detachment (PED, Fig.  15.1 ) 
(Jaffe et al.  2013 ; Schmidt-Erfurth et al.  2015 ; 
Simader et al.  2014 ). A comprehensive subgroup 
analysis of the VIEW II data (Schmidt-Erfurth 
et al.  2014 ) showed a clear association between 
the PRN regime and visual acuity loss in patients 
presenting with primary PED at baseline 
(Schmidt-Erfurth et al.  2015 ). A signifi cant drop 
in BCVA was found in this subgroup contrasting 
with the loss of one or two letters after gross 
averaging of the whole study population. After 
stratifi cation for retinal morphologies, it became 
evident that all patients other than those with ini-
tial PED have constant BCVA readings. This 
fi nding exemplifi es the need for solid OCT bio-
markers to provide the best individualized dis-
ease management. 

 Under anti-VEGF therapy, IRC and SRF were 
resorbed in 70–80 % of patients, whereas PED 
vanished in only 50 %. Patients with SRF only 
had good BCVA at baseline followed by improve-
ment under therapy. Patients with IRC with or 
without PED had poor BCVA at baseline and did 
not gain as many letters as the fi rst group under 
anti-VEGF therapy. However, PED did regress 
under continuous therapy, but switching from 
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fi xed to fl exible PRN treatment led to a reactiva-
tion of this subretinal lesion. We suggest that the 
elevation of the retinal pigment epithelium (RPE) 
is the morphologic correlate for nAMD activity, 
and the associated loss in visual acuity caused by 
secondary degenerative intraretinal cystoid fl uid 
formation is the functional manifestation. This is 
in good agreement with the fi nding that the 
occurrence of IRC is correlated with a loss in 
BCVA in the eyes with PED (Schmidt-Erfurth 
et al.  2015 ). The eyes with subretinal fl uid (SRF) 
had the best visual prognosis. IRC and fi brovas-
cular PED at baseline infl uenced BCVA progno-
sis negatively (Ritter et al.  2014 ; Schmidt-Erfurth 
et al.  2015 ). 

 These results clearly contrast with the current 
convention that PRN is inferior to a fi x OCT- 
based therapy regimen, highlighting the need to 
consider morphologic OCT variables in the 
future. However, fi nal conclusions regarding reti-
nal morphologic retreatment criteria are still 
lacking, and further studies are needed to identify 
or confi rm OCT biomarkers. As for now, expert 
guidelines recommend that IRC, SRF, and PED 
should be incorporated into treatment protocols 
(Schmidt-Erfurth et al.  2014 ). Monthly monitor-
ing is advised using SD-OCT because of its abil-
ity to visualize even small morphologic changes, 
which is essential when monitoring a disease 
with the potential to progress rapidly leading to 
irreversible loss of vision if treatment is deferred. 

15.5.5.1     Value for Clinical Routine 
 Current data suggests that patients with nAMD 
and intraretinal cystoid fl uid should be diagnosed 
early and treatment should be initiated as soon as 
possible because accumulation of intraretinal 
fl uid may lead to irreversible neurosensory dam-
age. A physician deciding whether to retreat 
patients who have cystic degeneration with 
underlying RPE atrophy should bear in mind that 
degenerative IRC have a low potential for 
responding to anti-VEGF therapy. 

 Usually, SRF is easily managed with anti- 
VEGF therapy. SRF is known to be linked to a 
benign course of the disease and in most cases 
responds to treatment at extended intervals (treat- 
and- extend regimen). Recent data shows that 

PED should be included in retreatment decisions 
(PED growth in SD-OCT), especially in fl exible 
anti-VEGF treatment plans. The risk for RPE tear 
in large PEDs also has to be kept in mind and 
discussed with the patient.    

15.6     Functional Extensions 
and Future Developments 

 With advanced OCT systems commercially 
available, the great challenge is to fi nd ways to 
enhance tissue contrast or add functional tools to 
obtain more information in addition to the record-
ing of morphological structures and thus extend 
the clinical applicability of OCT. Functional 
approaches are of great interest as early diagnosis 
of retinal changes is known to be of vital impor-
tance because structural pathologies might be 
linked to irreversible damage and visual loss. 
Future therapeutic strategies will most likely aim 
for disease-modifying interventions and individ-
ualized treatment regimes to protect the func-
tional abilities and morphologic integrity of the 
retina. Doppler OCT and polarization-sensitive 
OCT are currently most commonly used in reti-
nal studies. These systems measure functional 
variables such as blood fl ow and velocity, as well 
as enhanced tissue contrast. 

15.6.1     Doppler OCT 

 Doppler OCT obtains high-resolution OCT 
images and information about functional blood 
fl ow and velocity (Wang et al.  1995 ; Werkmeister 
et al.  2008 ). Wang et al. were the fi rst to report 
total retinal blood fl ow (Wang et al.  2007 ), and 
other groups followed (Baumann et al.  2011 ; 
Blatter et al.  2013 ; Dai et al.  2013 ; Doblhoff-Dier 
et al.  2014 ). Various eye diseases such as age-
related macular degeneration (Ehrlich et al.  2009 ; 
Pemp and Schmetterer  2008 ), diabetic retinopa-
thy (Clermont and Bursell  2007 ; Pemp and 
Schmetterer  2008 ; Wang et al.  2011b ), and glau-
coma (Costa et al.  2014 ; Schmidl et al.  2011 ) 
were shown to be linked to early changes in blood 
fl ow. Early changes in blood fl ow regulation can 
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be detected by using fl icker light stimulation. The 
response to fl icker light was altered in nAMD 
and normalized after anti-VEGF treatment (Lanzl 
et al.  2011 ). Today, fl ickering light stimulation is 
incorporated into Doppler OCT setups (Clermont 
and Bursell  2007 ; Leitgeb  2007 ; Pemp and 
Schmetterer  2008 ; Wang et al.  2011a ,  b ), with the 
aim of early diagnosing ocular diseases such as 
nAMD.  

15.6.2     OCT Angiography 

 From a clinical point of view, visualization of the 
retinal and choroidal vasculature is the most 
advanced application of Doppler OCT. The opti-
cal Doppler effect creates motion-related image 
contrast in vessels, which can be extracted by 
software-based post-processing (Schwartz et al. 
 2014 ). This is why this technique is also called 
optical coherence angiography or OCTA (Makita 
et al.  2006 ). OCTA has already been commercial-
ized based on an SD-OCT system (e.g. Angiovue, 
Optovue, Fremont, CA, USA), allowing fast and 
detailed visualization of the retinal and choroidal 
microcirculation (Fig.  15.8 ). With improvements 
in the technology, it has become possible to dis-
tinguish CNV from the surrounding retinal or 
choroidal vasculature in en face (coronal) projec-
tions as well as to quantify the CNV area (Flores-
Moreno et al.  2015 ; Jia et al.  2012 ; Moult et al. 
 2014 ) and visualize CNV vessel architecture in 

the course of anti-VEGF treatment. This treat-
ment results in abnormal vessel confi gurations, 
which can possibly be explained by treatment-
related pruning of vessel sprouts (Spaide  2015 ). 
So far studies using OCTA have mostly had a 
descriptive character, but lately obtaining quanti-
tative information such as vessel density, fl ow 
index, and areas of nonperfusion (Jia et al.  2015 ) 
has also become possible, adding valuable infor-
mation, for example, in nAMD follow-up. Also, a 
recent study investigating CNV of various origins 
concluded that OCTA is ideal for identifying 
neovascularization and adjacent fl uid noninva-
sively and without the use of contrast agents (de 
Carlo et al.  2015 ). The same conclusions were 
drawn in a study investigating the value of OCTA 
for early identifi cation and treatment response of 
type 3 neovascularization (RAP)  (Dansingani 
et al.  2015 ). The main advantage of OCTA is that 
it is label- free, given the risks associated with the 
dye fl uorescein (López-Sáez et al.  1998 ), the cur-
rent gold standard for nAMD diagnosis (Schmidt-
Erfurth et al.  2014a ,  b ; AAO  2015 ; Chakravarthy 
et al.  2013 ). Future nAMD treatment will proba-
bly be guided by the presence or absence of fl ow-
related contrast or areas of non- or hyperperfusion 
on OCTA, which could indicate CNV activity.

   Currently, the main shortcoming of OCTA is 
that it is only sensitive to blood fl ow and not to 
static leakage sites. This is because it is motion 
that creates image contrast. Scientists are already 
searching for contrast enhancing agents to over-

a b

  Fig. 15.8    Neovascular age-related macular degeneration 
in OCTA. ( a ) OCTA (Angiovue, Optovue, CA, USA) 
showing superfi cial, parafoveal microcirculation of a 

healthy eye. ( b ) OCTA showing hyperrefl ective vessels 
representing fl ow in a subfoveal CNV lesion       
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come this problem. Biocompatible gold nanopar-
ticles, for example, might have the potential to 
increase tissue contrast and highlight static leak-
age sites in nAMD (Gordon and Jayagopal  2014 ; 
Lee et al.  2003 ). 

 OCT angiography has several compelling 
characteristics such as acquisition times of a few 
seconds and the possibility of visualizing abnor-
malities in a three-dimensional manner, making 
it promising for extended future clinical use.  

15.6.3     Polarization-Sensitive Optical 
Coherence Tomography 

 Polarization-sensitive OCT ( PS-OCT ) was one of 
the fi rst OCT advances. It is sensitive to depth- 
resolved tissue properties (de Boer et al.  1999 ; de 
Boer et al.  1997 ) and is based on the principle 
that light has additional properties to those used 
in intensity-based OCT setups. Light properties 
assessed with PS-OCT are for example refl ectiv-
ity, retardation, optic axis orientation, and the 
degree of polarization uniformity, all of which 
can be altered by tissue-light interactions. 

PS-OCT is of special interest in nAMD as it 
allows distinct documentation of the RPE condi-
tion during the course of the disease (Ahlers et al. 
 2010 ), with RPE migration and atrophy being 
two variables of CNV activity, or changes in the 
course of anti-VEGF treatment (Fig.  15.9 ) 
(Schütze et al.  2015 ). PS-OCT is also used to 
automatically quantify drusen dynamics 
(Schlanitz et al.  2011 ), a vital sign for the pro-
gression of AMD regardless of its endpoint (geo-
graphic atrophy (Baumann et al.  2010 )/CNV 
(Schütze et al.  2015 )). Therefore, PS-OCT is 
promising for upcoming nAMD treatment regi-
mens and follow-up.

15.6.4        Adaptive Optics Optical 
Coherence Tomography 
(AO-OCT) 

 The aim of better resolution reached the cellular 
level with an approach called adaptive optics 
OCT. AO-OCT systems are similar to wave front 
analyzers, which are able to compensate for ocu-
lar aberrations by means of a deformable mirror. 

a

b dc

  Fig. 15.9    Neovascular age-related macular degeneration 
in polarization sensitive OCT. ( a ) SD-OCT showing 
nAMD lesion. ( b ) PS-OCT intensity image. ( c ) PS-OCT 

intensity image + RPE segmentation ( red ). ( d ) DOPU map 
(degree of polarization uniformity)       
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This technique originated from astronomy and 
allows unprecedented resolution (Drexler and 
Fujimoto  2008 ). Today, single photoreceptor 
imaging is possible, as recently demonstrated by 
Felberer et al. (Felberer et al.  2014 ). Preliminary 
data in AMD suggest AO-OCT images show 
morphological changes similar to postmortem 
histological studies in RPE areas that appear nor-
mal on fundus autofl uorescence (FAF) (Rossi 
et al.  2013 ). However, further studies are needed 
to explore the potential of this new approach in 
AMD.   

15.7     Proof of Concepts 

 Despite reaching the cellular level of resolution, 
further innovation is still expected in the coming 
years. Exciting and promising proofs of concepts 
which could herald our diagnostic tools for 
tomorrow’s nAMD management have already 
been published. A few which make use of the 
OCT principle are pointed out in the following 
paragraphs. 

  Spectroscopic OCT  is a functional extension 
of OCT, allowing, for example, oxygen measure-
ments in combination with OCT measurements 
(Lu et al.  2008 ; Liu and Kang  2010 ). As changes 
in oxygen consumption are associated with 
changes in various diseases, including AMD 
(Geirsdottir et al.  2014 ), it could facilitate future 
oxygen measurements and help diagnose retinal 
diseases earlier. 

  Photoacoustic tomography (PAT ) is based on 
acoustic detection of optical absorption (Xia 
et al.  2014 ). This technology is expected to pro-
vide high image resolution at the molecular level 
as ultrasound scatters less than light in tissue. In 
ophthalmology, PAT could enable oxygen satura-
tion mapping and high-resolution visualization of 
retinal and choroidal vascularization (Liu and 
Zhang  2014 ; Song et al.  2013 ). 

 The current gold standard when it comes to 
functional measurements of the retina is electro-
physiology. It is time consuming and has limited 
depth resolution.  Optophysiology  is an OCT- 
based, contact-free technique that allows optical 
imaging of retinal responses to stimuli such as 

light fl ickering. Additionally, is possible to obtain 
depth information with optophysiology. It is 
based on the principle that light exposure on 
dark-adapted retinas leads to a change in local 
tissue refl ectivity, which represents functional 
changes and can be measured and visualized on 
morphologic OCT images (Bizheva et al.  2006 ; 
Drexler and Fujimoto  2008 ).     
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16.1         Introduction 

 Polypoidal choroidal vasculopathy (PCV) is a 
disease reported by Yannuzzi et al. ( 1990 ) in 
1990 and is now considered one of phenotypes of 

age-related macular degeneration (AMD). While 
exudative AMD is seen in approximately 5–10 % 
of western populations, various previous reports 
have confi rmed that its prevalence is high in 
Asian countries including Japan (Ahuja et al. 
 2000 ; Byeon et al.  2008 ; Kwok et al.  2002 ; 
Maruko et al.  2007 ; Sho et al.  2003 ; Wen et al. 
 2004 ; Yannuzzi et al.  1999 ). According to our 
research, in which classifi cation of AMD sub-
types using fl uorescein and indocyanine green 
angiography was conducted to 289 cases of 
patients with exudative AMD newly found in 2 
years from 2003 to 2005, PCV, typical AMD, and 
retinal angiomatous proliferation (RAP) were 
seen in 158 (54.7 %), 102 (35.3 %), and 13 (4.5 %) 
cases, respectively (Maruko et al.  2007 ). While 
our report is a hospital-based study, when consid-
ered in connection with other reports, it shows 
that approximately half of cases suspected of 
exudative AMD are most likely to be diagnosed 
as PCV; therefore, PCV can be considered as one 
of the most major subtypes rather than a special 
type of exudative AMD in Japan. Meanwhile, 
there are some combined cases in which patients 
have PCV in one eye and typical AMD in the 
other in our report, so they are fi gured as disease 
groups with clinical overlap even though they 
have different phenotypes (Maruko et al.  2007 , 
 2010 ). Also, it is shown that there is no large dif-
ference of genetic background in development of 
PCV and exudative AMD (Kondo et al.  2007 ; 
Gotoh et al.  2009 ). 
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 PCV is defi nitionally structured with branch 
vascular network vessels and polypoidal forma-
tion around the tip. While these can be observed 
only as weak hyperfl uorescence (occult type) 
with fl uorescein angiography, indocyanine 
green angiography defi nitely shows these struc-
tures. Hence, the frequency of PCV might be 
underestimated at hospitals where indocyanine 
green angiography is not operated routinely. A 
certain example of diagnostic criteria for PCV 
by Japanese study group of PCV ( 2005 ) is 
defi ned as one which meets one of the follow-
ing conditions: (1) Orange-red raised lesion is 
seen with funduscopy. (2) Typical polypoidal 
structure is seen with indocyanine green angi-
ography. Also, an uncertain example is defi ned 
as one which meets one of the following condi-
tions: (1) Only abnormal blood vessel networks 
are seen with indocyanine green angiography. 
(2) Only recurrent hemorrhagic serous retinal 
pigment epithelial detachment (PED) is seen. 
The typical polypoidal structure is torose or 
botryoid on indocyanine green angiography. 
The abnormal blood vessel networks are the 
ones which can be differentiated with normal 
choroid blood vessels by their running path and 
calibers of blood vessels at choroid membrane 
in the early phase of imaging with indocyanine 
green angiography, and it is said that they often 
show planate hyperfl uorescence at the late 
phase. While those diagnostic criteria are 
Japanese ones, accurate diagnosis is needed for 
PCV since it can cause severe subretinal or reti-
nal pigment epithelial bleeding followed by 
poor visual acuity or even type 2 CNV followed 
by bad prognosis of visual acuity. The criteria 
can be useful for doctors who diagnose such 
diseases. Some examples of differential dis-
eases include typical AMD and central serous 
chorioretinopathy (CSC). Typical AMD espe-
cially type 1 is diffi cult to be identifi ed. In addi-
tion, when only abnormal blood vessel networks 
are seen as an uncertain example of PCV, there 
are some cases impossible to be identifi ed even 
using indocyanine green angiography. CSC, a 
disease which starts in middle age and causes 
serous retinal detachment (SRD) in a macula 
area, is sometimes diffi cult to be identifi ed 

since it is sometimes seen in elderly people at 
the age of 50 or older and can be followed by 
atrophy of retinal pigment epithelium (RPE) 
(Spaide et al.  1996 ). 

 On the other hand, optical coherence tomogra-
phy (OCT) can be a useful remark in diagnosis of 
PCV. Polypoidal structure is observed as a steep 
protrusion of retinal pigment epithelium (RPE). 
This is thought that a protrusion of RPE caused 
by polypoidal structure is observed secondarily 
(Saito et al.  2008a ). Still, it can last even after 
treatment and regression of polypoidal structure, 
and the same remark can be observed in hemor-
rhagic PED or some other diseases. Therefore, it 
is diffi cult to diagnose only with this protrusion, 
and an angiographic examination is still needed 
for defi nite diagnosis. 

 With respect to treatment, research was con-
ducted to 469 cases of 471 eyes with 1 year prog-
ress on verteporfi n photodynamic therapy (PDT) 
in 13 facilities in Japan (Japanese Age-Related 
Macular Degeneration Tial (JAT) Study Group 
 2003 ) in accordance with new PDT guideline in 
2008 (Tano  2008 ); it reported that the average 
visual acuity of the 146 eyes with PCV signifi -
cantly improved from 0.15 to 0.19. Furthermore, 
reports regarding long-term progress showed it 
was possible to maintain the improved visual 
acuity for more than 2 years (Akaza et al.  2011 ; 
Saito et al.  2008b ). These results insist that PDT 
is effective for PCV treatment. In the meantime, 
opportunities to choose therapy with anti- 
vascular epithelial growth factor (VEGF) agent 
have increased recently since it has only a few 
chances of complications and since a percentage 
of subretinal hemorrhage after PDT is relatively 
high (about 10 %). On the other hand, some 
reports say that therapy with anti-VEGF agent 
for PCV makes exudation reduced but does not 
result in resolution of polypoidal lesion in many 
cases (Gomi et al.  2008 ; Hikichi et al.  2010 ; 
Kokame et al.  2009 ). EVEREST study (Koh 
et al.  2012 ) also reports that therapy with anti-
VEGF agent alone is harder to obtain regression 
of polypoidal structure than that with PDT, so 
combined  therapy with PDT and anti-VEGF 
agent has been attempted. Afl ibercept has 
recently received attention because of a report 
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showing it has the same function to resolve pol-
ypoidal lesion with anti-VEGF agent alone as 
PDT (Koizumi et al.  2015a ). 

 Meanwhile, a large amount of recent reports 
regarding choroidal thickness of AMD using 
OCT indicates that PCV is thicker than typical 
AMD, and RAP is even thinner than typical 
AMD. Chung et al. (Chung et al.  2011 ) and 
Koizumi et al. ( 2011 ) reported that choroidal 
thickening in eyes with PCV was comparable to 
choroidal thinning in eyes with typical 
AMD. These fi ndings might indicate that there 
are some differences in choroidal abnormalities 
between PCV and typical AMD. Sasahara et al. 
(Sasahara et al.  2006 ) reported that indocyanine 
green angiography showed much more choroi-
dal vascular hyperpermeability similar to CSC 
in eyes with PCV than in eyes with typical 
AMD (Yannuzzi et al.  2000 ). Choroidal thick-
ening in eyes with PCV might result from cho-
roidal vascular hyperpermeability, and 
choroidal changes by various therapies have 
received attention recently (Koizumi et al. 
 2015b ; Maruko et al.  2011 ,  2013 ; Yamazaki 
et al.  2012 ).  

16.2     Typical Polypoidal Choroidal 
Vasculopathy 

 With OCT, polypoidal structure is observed as a 
steep, dome-shaped protrusion of RPE. Moderate 
refl ection at some parts inside of this RPE protru-
sion is considered as polyp blood vessels them-
selves (Iijima et al.  1999 ,  2000 ; Otsuji et al. 
 2000 ). Areas of branch vascular network vessels 
are observed as two hyperrefl ective lines (double- 
layer sign) (Khan et al.  2012 ; Ojima et al.  2009 ; 
Sato et al.  2007 ; Tsujikawa et al.  2007 ). These 
lines are RPE and the Bruch membrane, and the 
network vessels are thought to be located between 
those two layers. 

 There are some cases of PCV associated with 
serous pigment epithelium detachment (PED). 
Polypoidal structure is sometimes located in a 
marginal edge of the PED (notch sign), and it is 
also observed as a dome-shaped protrusion of 
RPE besides the edge of PED on OCT.  

16.3     Polypoidal Choroidal 
Vasculopathy Associated 
with Serous Retinal 
Detachment 

 Some cases of PCV show SRD without hemor-
rhage. In such cases, it can be hard to differenti-
ate it with CSC using only foveal cross-hair 
OCT. Since steep, dome-shaped protrusions of 
RPE can be observed in areas of polypoidal 
structure as mentioned before, it is necessary to 
scan the whole part of SRD. Radial scan can be 
useful as well. Branch vascular network vessels 
are observed as double-layer sign connected to 
polypoidal structure. In many cases, PCV associ-
ated with SRD has thick choroid, which makes it 
easy to be mistaken for CSC.  

16.4     Polypoidal Choroidal 
Vasculopathy with Macular 
Hematoma 

 PCV is sometimes accompanied with a large 
amount of macular hemorrhage. In such a case, 
the backward of the macular hematoma may not 
be visualized clearly even using swept source 
OCT or EDI-OCT. Subretinal hemorrhage is the 
major lesion of PCV with hematoma, and it is 
rare to result in preretinal hemorrhage or sub- 
internal limiting membrane hemorrhage. It is the 
important point to differentiate it with a case of 
macular hemorrhage caused by rupture of retinal 
arteriolar macroaneurysm. In addition, whereas 
choroid in PCV is thick, it tends to be thin in the 
case of rupture of retinal arteriolar macroaneu-
rysm since it is seen in elderly people; this fact is 
used in diagnosis as well.  

16.5     Optic Disc Type 
of Polypoidal Choroidal 
Vasculopathy 

 Early reports of PCV introduced some cases in 
which polypoidal structure and branch vascular 
network vessels were located around optic discs. 
Now, it is known that most lesions are seen in 
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macular areas (Yannuzzi et al.  1997 ). Although it 
can be completely normal with OCT if there is no 
lesion in macular areas, SRD sometimes reaches 
to central fovea. Polypoidal structure is observed 
as a steep, dome-shaped protrusion of RPE like 
other types of PCV.  

16.6     Choroidal Changes 
in Polypoidal Choroidal 
Vasculopathy 
After Treatment 

 Choroidal thickness in PCV is relatively thicker 
than other subtypes of AMD as mentioned above. 
In addition, the choroidal thickness seems to 
change after PDT and/or intravitreal injection of 
anti-VEGF. Maruko et al. ( 2011 ) described the 
choroidal thickness decreased after PDT for 
PCV. On the other hand, Yamazaki et al. ( 2012 ) 
reported 1-year results of the choroidal thinning 

after intravitreal ranibizumab as needed, and 
Koizumi et al. ( 2015a ,  b ) mentioned the choroi-
dal thickness reduction after intravitreal afl iber-
cept in their short-term results. 

 Moreover, the choroidal thickness changes in 
PCV might be associated with the activity of PCV 
according to the latest researches. Maruko et al. 
( 2013 ) reported the choroidal thickness at PCV 
recurrence returned to the baseline level after cho-
roidal thinning as a result of combination therapy 
with intravitreal ranibizumab and PDT. The cho-
roidal thickness in this case was maintained thin-
ner than that in nonrecurrent cases even at 1 year.  

16.7     Case Report 

  Case 1: Typical Polypoidal Choroidal 
Vasculopathy             
    76 year-old male; 0.2 corrected vision in the left 
eye:

I. Maruko and T. Iida
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    1.    Color image 
 Orange-red raised lesion with hard exudate 

is seen in the temporal to foveal.   
   2.    Fluorescein angiography 

 The orange lesion is observed as weak 
hyperfl uorescence-like occult type of AMD.   

   3.    Indocyanine green angiography 
 Polypoidal structure and surrounding branch 

vascular network vessels can be observed.   
   4.    OCT horizontal scan at the fovea 

 Polypoidal structure can be observed as a 
steep, dome-shaped protrusion of RPE, and 
branch vascular network vessels connected to 
polypoidal structure are observed as double- 
layer sign. Moderate refl ection, which pre-

sumably is fi brin, above the polypoidal lesion 
is observed at the subfovea. SRD is also 
observed in the area adjacent to RPE protru-
sion. The choroid is not thickened in this case. 
Subfoveal choroidal thickness is 203 μm.   

   5.    OCT horizontal scan at the center of polypoi-
dal lesion 

 OCT image shows RPE protrusion at the 
center of the polypoidal lesion, and the inside 
of this protrusion is observed as the moderate 
refl ection.      

  Case 2: PCV with Large PED                
 74 year-old male; 0.1 corrected vision in the left 
eye:
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    1.    Color image 
 Large circular serous PED is seen in cen-

tral fovea. Orange lesion with hard exudate is 
observed in the nasal side of the large PED.   

   2.    Fluorescein angiography 
 Weak hyperfl uorescence can be observed 

in the nasal side of PED.   
   3.    Indocyanine green angiography 

 PED is observed as hypofl uorescence since 
it is blocked, and polypoidal structure can be 
observed in its nasal side (notch sign).   

   4.    OCT (horizontal section) 

 Large PED is observed at the subfovea to 
temporal macula. Polypoidal structure can be 
observed as a steep, dome-shaped protrusion of 
RPE in the nasal side of the fovea, and branch 
vascular network vessels connected to polypoi-
dal structure and large PED are observed as 
double-layer sign. Inside of the polypoidal 
structure is seen as the moderate refl ection.      

  Case 3: PCV Associated with Serous Retinal 
Detachment                    75 year-old male; 0.6 corrected 
vision in the right eye:

    1.    Color image 
 SRD is seen at the fovea.   

   2.    Fluorescein angiography 
 Weak hyperfl uorescence is observed in the 

upper part of macula.   
   3.    Indocyanine green angiography 

 Polypoidal structure is found in the area 
within hyperfl uorescence seen on fl uorescein 
angiography.   

   4.    OCT (horizontal section) 
 SRD can be observed. There are some 

small, irregular protrusions of RPE. The cho-

roid is relatively thickened in this 
case. Subfoveal choroidal thickness is 337 μm.   

   5.    OCT (vertical section) 
 Steep protrusions of RPE can be observed 

in the upper area of the fovea, consistent 
with the polypoidal structure seen on indo-
cyanine green angiography. Branch vascu-
lar network vessels are observed as 
double-layer sign connected to RPE 
protrusion.      

I. Maruko and T. Iida
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  Case 4: PCV with Macular Hematoma                
 87 year-old male; 0.1 corrected vision in the right 
eye:

    1.    Color image 
 Subretinal hematoma is seen at the macu-

lar area.   
   2.    Fluorescein angiography 

 Macular hemorrhage is observed as hypo-
fl uorescence since it is blocked.   

   3.    Indocyanine green angiography 
 Polypoidal structure can be observed in the 

nasal side of the fovea and temporal side of 
the disc.   

   4.    OCT horizontal scan using EDI technique 
 Polypoidal structure can be observed as 

steep, dome-shaped protrusions of RPE 
within the subretinal space. Inside of the 
subretinal space is observed as the moderate 
refl ection, consistent with macular hema-
toma. Although it is unclear because of the 
hematoma, subfoveal choroidal thickness is 
271 μm.      
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  Case 5: Optic Disc Type of PCV                
 71 year-old male; 0.5 corrected vision in the right 
eye:

    1.    Color image 
 There is no SRD in the fovea, and orange- 

red raised lesion is seen in the temporal to the 
optic disc.   

   2.    Fluorescein angiography 
 Weak hyperfl uorescence can be observed 

from the temporal to the optic disc.   
   3.    Indocyanine green angiography 

 Polypoidal structure can be observed in the 
temporal to the optic disc, and branch vascu-
lar network vessels are surrounded on the 
temporal side of the optic disc.   

   4.    OCT (horizontal section) 
 OCT image shows almost normal at the 

fovea, and RPE irregularity is observed in the 
nasal side of the fovea.   

   5.    OCT (vertical section near the optic disc) 
 Polypoidal structure can be observed as 

steep, dome-shaped protrusions of RPE just in 
the temporal side of the disc.      

  Case 6: Choroidal Change After PDT                
 78 year-old male; 0.1 corrected vision in the left eye:
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    1.    OCT at baseline 
 SRD can be observed. There is an irregular 

RPE protrusion with hyperrefl ection 
 considered as fi brin. Subfoveal choroidal 
thickness is 235 μm.   

   2.    OCT 2 days after PDT 
 Subfoveal choroidal thickness is thickened 

at 280 μm. At the same time, SRD gets tall, 
and retinal edema is also seen.   

   3.    OCT 3 months after PDT 

 Subfoveal choroidal thickness has reduced 
to 142 μm. SRD and retinal edema have been 
resolved. On the other hand, protrusions of 
RPE have been still observed although the 
size becomes smaller.      

  Case 7: Choroidal Thinning After 
Intravitreal Injection of Anti-VEGF                
 81 year-old male; 0.3 corrected vision in the right 
eye:

    1.    OCT at baseline 
 There are some irregular RPE protrusions and 

SRD. Subfoveal choroidal thickness is 200 μm.   
   2.    OCT after three monthly intravitreal injec-

tions of anti-VEGF 

 Subfoveal choroidal thickness has 
decreased to 158 μm. While SRD and retinal 
edema have no longer been observed, protru-
sions of RPE have remained.          
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17.1         Introduction 

 This chapter contains excerpts, reprinted from 
Charbel Issa et al. ( 2013 ) with permission from 
Elsevier. 

 Macular telangiectasia type 2 (MacTel type 2) 
is a retinal disease with characteristic degenera-
tive changes within the macular area (Charbel 
Issa et al.  2013 ). Concurrent alterations of the 
macular vascular network and the unknown cause 

of the disease have led to a variety of different 
descriptive terms, including idiopathic juxtafo-
veolar telangiectasia type 2, perifoveal telangiec-
tasia, and others. Although funduscopy may 
reveal characteristic changes, the diagnosis based 
on clinical examination may sometimes be chal-
lenging. Fluorescein angiography has long been 
the gold standard to diagnose the disease. 
However, it has recently emerged that noninva-
sive optical coherence tomography (OCT) may 
also be particularly helpful in making the diagno-
sis. Herein, we provide a summary on the clinical 
phenotype of MacTel type 2 and describe the 
variety of presentations on OCT imaging.  

17.2     Clinical Findings 

 Disease manifestations of MacTel type 2 are 
largely confi ned to an oval central retinal area 
that is slightly larger horizontally than vertically, 
while the peripheral retina appears unaffected. 
Five stages of the disease have been proposed by 
Gass and Blodi (Gass and Blodi  1993 ) based on 
funduscopy and fl uorescein angiography (FA). 
Stage 1 (Fig.  17.1a ) is ophthalmoscopically 
inconspicuous but shows hyperfl uorescence in 
late phase FA. Stage 2 (Fig.  17.1b ) is defi ned by 
a reduced parafoveolar retinal transparency seen 
as a peculiar graying. Stage 3 (Fig.  17.1c ) is char-
acterized by the presence of so-called right- 
angled vessels that end with a blunted tip and 

        P.   Charbel Issa ,  MD      (*) •    S.   Müller ,  MD     
   T.  F.  C.   Heeren ,  MD    •    F.  G.   Holz ,  MD    
  Department of Ophthalmology ,  University of Bonn , 
  Bonn ,  Germany   
 e-mail: Peter.Issa@ukb.uni-bonn.de  

  17

mailto:Peter.Issa@ukb.uni-bonn.de


218

seem to bend into deeper retinal layers. Stage 4 
(Fig.  17.1d ) is defi ned by ophthalmoscopically 
visible retinal pigment plaques, probably due to 
proliferation of pigment epithelial cells within 
areas of photoreceptor loss. Stage 5 is defi ned by 
the presence of a secondary neovascular com-
plex. These neovascular lesions usually originate 
from the retinal vasculature and are thus different 
from choroidal neovascularization as mostly 
observed in patients with age-related macular 
degeneration. It should be noted that a neovascu-
lar complex may develop at any time point in the 
disease process. Thus, it rather represents a com-
plication of the disease and not the natural end 
point (Charbel Issa et al.  2013 ). Retinal crystal-
line deposits can be found in 40–70 % of eyes 
with MacTel type 2 and are also a characteristic 
fi nding in this disease. Eventually, visual func-
tion is determined by a localized atrophy of the 
photoreceptor layer which is the common fi nding 
in late disease stages (Charbel Issa et al.  2013 ).

   In patients with MacTel type 2, all disease 
manifestations are usually most pronounced and 
most obvious temporal to the foveal center. 
Within the same area, retinal function is most 
affected (paracentral scotoma). 

 MacTel type 2 shows a unique depletion of the 
macular pigment in the central retina (Charbel Issa 
et al.  2008c ,  2009b ; Helb et al.  2008 ), resulting in 
increased refl ectivity on confocal blue refl ectance 
imaging and an increased fundus autofl uorescence 
signal due to reduced absorption of the excitation 
light (Charbel Issa et al.  2008c ,  2013 ).  

17.3     Optical Coherence 
Tomography 

 High-resolution optical coherence tomography 
(OCT) has been proven very useful for the diag-

nosis of MacTel type 2 and for the follow-up of 
affected patients. Even patients without any obvi-
ous funduscopic changes can be identifi ed using 
OCT. In recent years, several features have been 
identifi ed that characterize MacTel type 2 and 
rarely occur in other diseases (Charbel Issa et al. 
 2012 ; Gaudric et al.  2006 ). 

 The characteristic fi ndings on OCT imaging 
may be present in various combinations. The 
changes are usually most prominent temporal to 
the foveal center. Larger longitudinal studies 
exploring the natural history on OCT imaging are 
still lacking. However, based on exemplary case 
studies, clinical experience, and the correlation 
with other imaging techniques and functional 
parameters, a time course of alterations may be 
suggested (Fig.  17.2 ).

   The earliest subtle changes on OCT imaging 
may include temporal enlargement of the foveal 
pit (Fig.  17.2b ), which then appears asymmetric 
with its thinnest sector temporal to the anatomic 
foveal center (Gillies et al.  2009 ; Charbel Issa 
 2016 ). This minor structural alteration appears to 
be due to changes in the outer nuclear/Henle’s 
fi ber layer thickness. However, if capillary leak-
age occurs within the same area, this asymmetric 
thinning may disappear due to a slight thickening 
mainly within the inner retinal layers (Fig.  17.2c ). 
Such vascular leakage may be associated with a 
slightly increased refl ectivity of inner neurosen-
sory layers. 

 Within the inner retina, hyporefl ective cavi-
ties (Fig.  17.2d–f ) may develop which are usu-
ally located in the foveal pit with a predilection 
for the temporal slope. These atrophic hypore-
fl ective spaces may have the appearance on fun-
duscopy of a lamellar macular hole 
(“pseudo-lamellar macular hole”). In contrast to 
other diseases such as diabetic maculopathy or 
Irvine-Gass syndrome, there is no angiographic 

  Fig. 17.1    Stages of macular telangiectasia type 2. ( a ) 
Stage 1. No or only subtle changes on funduscopy ( left ). 
Leakage in fl uorescein angiography, late phase ( middle  
picture: early phase,  right  picture: late phase). The 
SD-OCT shows an interruption of the ellipsoid zone 
( arrows ) and intraretinal cystoid spaces ( asterisk ). ( b ) 
Stage 2. There is a peculiar graying of the retina seen on 

funduscopy. ( c ) Stage 3. The  arrow  indicates a “right- 
angled venule.” OCT shows slight thickening of the inner 
retina, which is not always seen. ( d ) Stage 4 is character-
ized by pigment plaques. In this case, crystalline deposits 
are also seen. The pigment plaques are seen as hyperre-
fl ective changes in SD-OCT and are related to outer reti-
nal atrophy ( arrows )       
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leakage and pooling of fl uorescein dye into the 
hyporefl ective cavities in MacTel type 2 
(Koizumi et al.  2006 ), and there is no similar 
neurosensory thickening. The hyporefl ective 

cavities in MacTel type 2 were shown to have a 
refl ectivity different from exudative macular 
cysts (Barthelmes et al.  2008 ). These differences 
suggest that atrophy, as may be found in retinal 
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  Fig. 17.2    Spectral domain OCT fi ndings in patients with 
MacTel type 2. The optic nerve head is always to the  left 
side  in each of these horizontal scans through the foveal 
center. ( a ) Normal retina. ( b ) An asymmetric foveal con-
tour may occur very early in the disease. ( c ) 
Hyperrefl ectivity within the inner retinal layers due to 
capillary leakage may also be an early fi nding. ( d – f ) 
Hyporefl ective cavities within the inner foveal layers may 
remain without marked functional loss. There is some dis-
continuity of the highly refl ective line above the retinal 
pigment epithelium and thinning of the outer nuclear layer 

mainly centrally and temporal to the foveal center. ( g ) 
Hyporefl ective cavities within the outer retina. ( h ) 
Collapse of such outer retinal cavities. ( i ,  j ) Atrophic outer 
retina with hyperrefl ective pigment plaques. ( k ) The inner 
retinal layers appear to detach from the inner limiting 
membrane. ( l ) A lamellar macular hole may develop after 
disruption of the inner limiting membrane. ( m ,  n ) 
Localized complete atrophy of the outer retina with reac-
tive pigment epithelial proliferation (Reprinted from 
Charbel Issa et al. ( 2013 ) with permission from Elsevier)       

 

P. Charbel Issa et al.



221

dystrophies, rather than exudation leads to the 
formation of these cavities in MacTel type 2. 
While outer retinal cavities appear to be due to 
tissue loss in the photoreceptor layer (see below), 
inner hyporefl ective cavities might also result 
from loss of structural integrity with a patho-
physiology similar to that seen in X-linked reti-
noschisis or retinitis pigmentosa. As well, 
detachment of the foveolar neurosensory retina 
from the inner limiting membrane may result in 
a foveal hyporefl ective cavity and an apparent 
fl attening of the foveal pit, especially in presence 
of additional thinning of the paracentral retina 
(Fig.  17.2f ). Inner hyporefl ective cavities may 
decrease with disease progression, possibly due 
to loss of supporting structures, surrounding 
atrophy and sometimes decreasing leakage. 

 Another sign that is considered characteristic of 
the disease is the disruption of the line now attrib-
uted to the ellipsoid zone. This sign may occur 
relatively early but is also observed in later disease 

stages. Discontinuity of this highly refl ective line 
usually starts temporal to the foveola and is one of 
the most frequent fi ndings in MacTel type 2 on 
OCT imaging. Modeling of 2- dimensional en face 
views (Fig.  17.3 ) at the level of the inner segment-
outer segment border from densely recorded 
B-scans has been shown to reveal the extent of loss 
of this structural alteration (Sallo et al.  2012a ,  b ). 
In a recent follow-up study, reappearance of a pre-
viously disrupted ellipsoid zone was shown in 
areas with preserved external limiting membrane. 
It was concluded that the latter might be a good 
prognostic factor (Wang et al.  2015 ).

   In few eyes, accumulation of subretinal debris 
appears evident within the foveal area. The histo-
pathological correlate was suggested to be degener-
ated photoreceptor elements that have lipofuscin-like 
autofl uorescent properties, possibly explaining 
increased foveal autofl uorescence and the fundu-
scopic appearance of a yellowish foveal spot that is 

a

b

  Fig. 17.3    “En face” view of OCT volume scans. The  left  
image shows the correspondent fundus autofl uorescence, 
the  black box  marks the position of the volume scan. The 
 dotted line  indicates the position of the B-scan shown in 
the  middle  and  right  image. The  asterisk  marks the foveal 
center. The  arrow  marks the retinal plane the position of 
the en-face image. The  middle  images are aligned parallel 
to the inner limiting membrane to show the inner retinal 
layers. There is a  round hole  centered on the foveola. The 

 right  images are aligned parallel the RPE band and show 
the topographic distribution of the disruption of the line 
representing the ellipsoid zone of the photoreceptors. In 
patient ( a ), the area of altered refl ectivity within the ellip-
soid zone corresponds to the entire retinal area affected by 
disease, whereas in patient ( b ), this area is more confi ned 
to an area centered temporal to the foveola (Reprinted 
from Charbel Issa et al. ( 2013 ) with permission from 
Elsevier)       

 

17 Macular Telangiectasia



222

apparent in a small subset of eyes (Cherepanoff et al. 
 2012 ). 

 With disease progression, atrophy of the outer 
neurosensory retina, i.e., the photoreceptor layer, 
becomes increasingly prevalent (Fig.  17.2g–n ). 
Possibly depending on the integrity of supporting 
structures, outer hyporefl ective cavities may 
develop (Fig.  17.2g–h ) and increase within the 
photoreceptor layer, then subsequently collapse 
leading to apposition of inner retinal layers onto 
the pigment epithelium (Fig.  17.2j–n ). Such 
apposition often occurs without the intermediate 
stage of cavitation within the photoreceptor layer. 

 Hyperrefl ective intraretinal lesions 
(Fig.  17.2i ) are usually associated with pigment 
plaques. They may fi rst appear as slightly prom-
inent hyperrefl ective elevation within areas of 
 photoreceptor atrophy, progressing into the reti-
nal tissue. Larger lesions may present as a fl at 
hyperrefl ective structure in the inner retinal 
layer, masking features of the underlying tissue. 
Secondary neovascular complexes may present 
as a hyperrefl ective lesion on OCT images. In 
these cases the lesion typically is located in or 
external to the outer neurosensory retinal 
layers. 

 Quantitative analysis of OCT data showed 
decreased thickness of the central neurosensory 
retina in most studies, likely due to thinning 
mainly within the photoreceptor layer (Krivosic 
et al.  2009 ). Characteristic retinal thickness maps 
are shown in Fig.  17.4  that highlight asymmetry of 
the foveal depression, loss of retinal contour, and a 
general thinning of the macular area secondary to 
outer retinal atrophy. It has been pointed out that 
apparent normal or slightly increased macular 
thickness may occur due to the low-grade macular 
edema superimposed on the atrophic neurosensory 
retina (Charbel Issa et al.  2008a ,  b ). Increased 
macular thickness measurements may be found in 
MacTel type 2 eyes with marked capillary leakage 
and only little atrophy, in eyes with foveal detach-
ment, pronounced pigment proliferation (Gaudric 
et al.  2006 ) or neovascular membranes.

   Choroidal thickness was also assessed in 
patients with MacTel type 2 using enhanced 
depth OCT imaging and is still controversial. 
Chhablani et al. found no different subfoveal 

choroidal thickness than in healthy controls 
(Chhablani et al.  2014 ), whereas a Nunes et al. 
(Nunes et al.  2015 ) suggested a thicker subfoveal 
choroid in patients with MacTel type 2.  

17.4     Optical Coherence 
Tomography 
Angiography 

 So far, data is sparse about visible changes in 
OCT angiography (Spaide et al.  2015 ; Thorell 
et al.  2014 ). Using this technique, the observation 
was confi rmed that the structural vascular 
changes are concentrated in the deeper capillary 
plexus between the inner nuclear layer (INL) and 
the outer plexiform layer (OPL). This observa-
tion has already been described by Gass on ste-
reoscopic fl uorescein angiography before OCT 
had been clinically available (Gass and Blodi 
 1993 ). Additionally, there seems to be a rarifi ca-
tion of the outer capillary plexus within the juxta-
foveal region. This rarifi cation is visible as 
thinner and less densely packed capillary plexus 
(Spaide et al.  2015 ). However, since OCT angi-
ography is only able to detect vessels with fl ow, it 
may be that for instance occluded vessels would 
not be visible.  

17.5     Functional Impairment 
and Structure-Function 
Correlation 

 In early stages, functional impairment may be 
mild with no or only slight reduction in best cor-
rected visual acuity (BCVA). Epidemiologic 
studies revealed a mean BCVA of 20/40 in over 
500 eyes (Clemons et al.  2010 ). Approximately 
half of the eyes had a BCVA of 20/32 or better 
and 16 % of 20/20 or better. A BCVA worse than 
20/200 is rarely observed in MacTel type 2. 
However, reduced visual abilities such as read-
ing diffi culties disproportional to the level of 
BCVA are frequently reported and may affect 
the patient’s quality of life signifi cantly (Finger 
et al.  2009 ). Patients may also report perception 
of metamorphopsia (Charbel Issa et al.  2009a ) 
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and/or a positive scotoma that can be best 
detected and followed by microperimetry 
(Heeren et al.  2015 ). 

 Paracentral scotomata in patients with MacTel 
type 2 usually are small and well defi ned. Only in 
much progressed disease stages, they may enlarge 
to cover a central area of up to about 8–10° hori-
zontally and less vertically. The epicenter of 
function loss in MacTel type 2 was shown to be 
located about 2° temporal/temporal inferior to 
the foveal center (Charbel Issa et al.  2007 ; Heeren 
et al.  2015 ). 

 By the use of microperimetry for mapping 
functional changes, deep paracentral scotomata 

have been identifi ed as a characteristic func-
tional consequence of the disease process. 
 Structure- function correlation revealed well-
defi ned progressive focal photoreceptor loss to 
be the underlying cause for functional loss in 
MacTel type 2 (Fig.  17.5 ).

   In various diseases, such as diabetic macular 
edema or central serous chorioretinopathy, there 
appears to be an association of retinal function with 
retinal thickness measures. However, in MacTel type 
2, conclusions on retinal function based on total reti-
nal thickness measurements may be less valid due to 
low-grade retinal edema over a partial atrophic retina 
(Charbel Issa et al.  2008a ). Therefore, it is more 

a b

c d

e f

  Fig. 17.4    Retinal thickness maps in an age-matched nor-
mal control ( a ) and patients with MacTel type 2 ( b – f ), 
representing the phenotypic variability. The B-scan under-
neath each thickness map was recorded through the foveal 
center (marked by an  asterisk ). Overall, there is an asym-

metry of the foveal depression, a loss of retinal contour, 
and a general thinning of the macular area. In later disease 
stages, there is pronounced retinal thinning due to outer 
retinal atrophy (Reprinted from Charbel Issa et al. ( 2013 ) 
with permission from Elsevier)       
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appropriate to qualitatively analyze the retinal mor-
phology for identifying structural associations with 
functional defi cits in MacTel type 2. 

 An example for such an approach is provided in 
Fig.  17.5 ; functional preservation on microperimetry 
testing can be found if degeneration spares the pho-
toreceptors but causes quite extensive disruption of 
the inner retina. However, degenerative alterations of 
the photoreceptor layer result in an absolute and 
well-demarcated paracentral scotoma. 

 It was noted previously that an absolute sco-
toma is always present in MacTel type 2 stages 4 
and 5 (see above). However, we have observed a 
substantial number of patients presenting with an 
absolute scotoma in stage 3 disease (Heeren et al. 
 2015 ). Probably photoreceptor atrophy as the 
underlying structural correlate appears earlier in 
the course of the disease than the ophthalmo-
scopically visible signs of stage 4 and 5. This 

emphasizes the importance of high-resolution 
SD-OCT and microperimetry testing in this dis-
ease entity to fully understand individual disease 
manifestations and their functional relevance.     
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18.1.1     Defi nition and Pathogenesis 
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originally described by Albrecht von Graefe in 
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1866 as “central recurrent retinitis” (Von 
Graefe  1866 ). Since then our understanding of 
CSC has progressed considerably. Gass in 
1967 named the disease as central serous cho-
rioretinopathy and proposed choriocapillaris 
hyperpermeability as the cause of CSC (Gass 
 1967 ). This hypothesis was later supported by 
studies using indocyanine green angiography 
(ICGA) which showed multifocal areas of 
choroidal vascular hyperpermeability in eyes 
with CSC. 

 CSC is characterized by serous retinal 
detachment of the neurosensory retina at the 
posterior pole, sometimes associated with 
serous detachment of the retinal pigment epi-
thelium (RPE). It is thought that the pathogenic 
mechanism for CSC is associated with a hyper-
dynamic choroidal circulation. The resulting 
elevated hydrostatic pressure of choroid causes 
elevation of the RPE, which in turn causes 
serous pigment epithelial detachments (PEDs). 
RPE might subsequently undergo tiny rips, 
which causes leakage into the subretinal space 
leading to neurosensory retinal detachment 
(Nicholson et al.  2013 ; Ross et al.  2011 ). 
Factors such as elevated serum glucocorticoid, 
 Helicobacter pylori  infection, and gene poly-
morphisms (eg, complement factor H) have 
been suggested to contribute to the pathogene-
sis of CSC (Miki et al.  2014 ).  

18.1.2     Epidemiology 

 CSC develops more frequently in men, with a 
male to female ratio of approximately six to 
one. The mean age of onset is around 41 years 
of age, but CSC can be found in young patients 
or in patients over 60 years old. The disease 
occurs most frequently in Asians and Whites 
and less frequently in the African-American 
populations, although the disease appeared to 
behave more aggressively in blacks (Ross et al. 
 2011 ). CSC is usually unilateral at initial pre-
sentation; however, bilateral cases have been 
reported to occur in up to 40 %. Chronic cases of 
CSC tend to have bilateral involvement (Gäckle 
et al.  1998a ,  b ).  

18.1.3     Natural History 

 Traditionally, CSC was thought to be a benign 
and self-limiting condition (Gass  1967 ). 
However, we now classify CSC broadly into 
acute (or classic) and chronic forms. Only the 
acute form carries a favorable prognosis of being 
a self-limiting condition, in which the serous 
macular detachment usually resolves after 3 
months. Although these cases with acute CSC are 
usually not associated with loss of visual acuity, 
subtle changes in retinal sensitivity and contrast 
may occur (Bajarboura  2001 ). The chronic cases 
can be divided into chronic CSC following a sin-
gle episode, recurrent resolving CSC, and recur-
rent chronic CSC. The proportion of eyes with 
recurrent CSC has been estimated to be around 
30 % (Castro-Correia et al.  1992 ). The chronic 
form of CSC is sometimes characterized by dif-
fuse RPE change, indicating widespread decom-
pensation of the RPE, and has been referred to as 
diffuse retinal pigment epitheliopathy (DRPE) 
(Polak et al.  1995 ). The chronic subretinal fl uid 
could be absorbed by the RPE due to diffuse dys-
function and loss of RPE, and the presence of 
fl uid causes progressive photoreceptor death and 
may result in permanent visual loss (Nicholson 
et al.  2013 ). 

 Another rare form of CSC is the bullous vari-
ant, characterized by inferiorly gravitating fl uid 
causing bullous exudative retinal detachment. It 
can be primary or associated with the use of sys-
temic corticosteroid, organ transplant, and preg-
nancy (Gass  1973 ). Favorable outcome has been 
described for these cases which tend to be self- 
limiting. Otsuka and colleagues described a 
series of 25 cases of bullous CSC in which 52 % 
achieved a visual acuity of 20/20 or better and 
80 % achieved 20/40 (Otsuka et al.  2002 ).  

18.1.4     Why Spectral-Domain Optical 
Coherence Tomography 
(SD-OCT) Is Useful in Central 
Serous Chorioretinopathy? 

 OCT is one of the primary imaging techniques 
used in the diagnosis and management of 
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CSC. Compared with time-domain OCT 
(TD-OCT), spectral-domain OCT (SD-OCT) has 
a 43–100 times higher image acquisition speed. It 
has a higher signal-to-noise ratio and can capture 
high-quality images of retinal microstructures up 
to 1 μm axial resolution (Wojtkowski et al.  2005 ). 
SD-OCT provides a convenient, noninvasive way 
to evaluate the presence and resolution of subreti-
nal fl uid and other pathology in CSC. Changes in 
the photoreceptor layers, outer nuclear layer 
(ONL), or the external limiting membrane (ELM) 
can be clearly visualized. Visualization of these 
structures is useful because the ELM, ONL thick-
ness, and the continuity of the photoreceptor 
inner and outer segment (IS/OS) junction are 
positively correlated with visual function and 
carries important prognostic signifi cance. Also, 
using eye-tracking device, the same cross- 
sectional area can be scanned at each visit, so 
that the morphological changes at the same loca-
tion can be accurately evaluated longitudinally. 
Early macular changes in CSC such as shallow 
subretinal fl uid or serous PED might be subtle 
and missed on fundus examination, but these 
changes will be clearly visualized in SD-OCT 
examination. 

 As the main pathology of CSC lies in the 
choroid, imaging of the choroid is important in 
the evaluation of CSC. Enhanced depth imag-
ing OCT (EDI-OCT) is such an imaging tech-
nique that is now commercially available with 
various SD-OCT machines. In EDI-OCT, the 
choroid is placed closer to the zero-delay plane 
compared with the retina, thus placing the most 
focused portion of the OCT scan on the cho-
roid. An enhanced image of the choroid, from 
the Bruch’s membrane to the suprachoroidal 
space, can then be obtained. This is a useful 
tool to provide in vivo cross-sectional histo-
logical information of choroidal vessels, as 
well as choroidal thickness, in normal and dis-
ease states. 

 Another new development using the 
SD-OCT is the coronal imaging or en face OCT 
imaging. Using three-dimensional reconstruc-
tion of transverse images of SD-OCT, a virtual 
“macula block” can be imaged, and coronal 
sections recreated from these scans, otherwise 

known as the C-scan or en face OCT. Using this 
technology, coronal sections of the retina, sub-
retinal space, and choroid can be visualized, 
allowing collection of new information that 
complements other investigations. For exam-
ple, choroidal venous dilatation under the 
abnormal RPE can be visualized on en face 
EDI-OCT whereby it will only appear as a 
hyperdynamic circulation on ICGA.   

18.2     SD-OCT Changes 
and Findings in Central 
Serous Chorioretinopathy 

18.2.1     Subretinal Fluid in Central 
Serous Chorioretinopathy 

 The hallmark of CSC is the accumulation of 
subretinal fluid (SRF) under the neurosensory 
retina causing a serous retinal detachment 
(SRD) (Fig.  18.1 ). Three-dimensional analysis 
of the SRF configuration in CSC using 
SD-OCT shows that the morphology of SRF in 
CSC changes over time (Ahn et al.  2013 ). The 
height of the SRD is higher in acute CSC com-
pared with chronic CSC (Song et al.  2012 ). 
Ahn and colleagues evaluated the ratio of peak 
height to the greatest basal diameter of the 
SRD and found that the ratio was higher in 
acute than chronic CSC (Ahn et al.  2013 ) 
(Fig.  18.1 ). Early dynamic changes in SRF are 
more often observed in acute than chronic 
CSC, and the changing pattern differs accord-
ing to prognosis. Eyes with spontaneous reso-
lution often show symmetrical shrinking of 
SRF, while eyes with persistent fluid showed 
flattening and elongation of the SRF, turning 
the basal area into an oval shape. It is possible 
that the inferior shifting of SRF as observed in 
OCT is a result of the gravitational effect on 
the SRF, which is greater with persistent SRF 
in chronic CSC. Fluorescein angiography (FA) 
has demonstrated inferior gravitational tracts 
often described as hourglass configuration 
which can be seen extending from the macula 
to the inferior retina in chronic CSC eyes, 
where the SRF dissects its way down through 
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the subretinal space due to a high specific 
gravity (Yannuzzi et al.  1984 ).

18.2.2        Fibrin in Central Serous 
Chorioretinopathy 

 As early as 1967, Gass reported the presence of 
cloudy white exudate surrounding PED in 
patients with CSC with accompanying evidence 
of angiographic leakage (Gass  1967 ). Subsequent 
studies found that fi brin is present from 19 to 
62 % of eyes with CSC (Ooto et al.  2010 ; 
Shinojima et al.  2010 ; Kim et al.  2012 ; Nair et al. 
 2012 ). The presence of fi brin indicates serous 
exudate, rich in protein, pigment granules, or 
homogeneous hyaline-like masses (Gass  1967 ). 
Fibrin appears as a hyper-refl ective lump in the 
subretinal space on SD-OCT (Fig.  18.2 ), often 
overlying small PED, corresponding to leakage 
sites on FA (Kim et al.  2012 ). En face OCT scan-
ning often shows a break in the PED associated 
with fi brin indicating active leakage from these 
PEDs. Shinjojima and colleagues visualized 

fi brin-like substance beneath the RPE in 62 % of 
eyes and suggested that plasma components, 
including fi brinogen, might be released from 
choriocapillaris and form fi brin beneath RPE, 
which leak into the subretinal space through 
defects in the RPE (Shinojima et al.  2010 ). 
Smooth protrusions of the RPE are also associ-
ated with fi brin in eyes with CSC.

   In eyes with acute CSC, characteristic focal dip-
ping or sagging of the posterior retina (Fujimoto 
et al.  2008 ; Song et al.  2012 ; Nair et al.  2012 ; Kim 
et al.  2012 ) could be seen accompanying fi brin 
over the leakage site in up to 38 % of eyes at a mean 
of 8 days after disease onset (Song et al.  2012 ) 
(Fig.  18.3 ). Song et al. suggested that this might be 
a result of a focal residual attachment of the retina 
with reactive exudation that persisted until the 
detachment of neurosensory retina from the RPE 
was complete. Therefore, focal dipping or sagging 
of the posterior retina associated with fi brin may be 
an early indicator of acute CSC. Subretinal fi brin-
ous exudates were observed in around 24 % of eyes 
with early chronic CSC in their study that persisted 
into the late chronic stage.

  Fig. 18.1    Acute central serous chorioretinopathy. SD-OCT showing high height of subretinal fl uid relative to the basal 
diameter of the fl uid       
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18.2.3        Central Serous 
Chorioretinopathy 
with Bullous Serous Retinal 
Detachment 

 Gass in 1973 fi rst described a series of fi ve cases 
of bullous exudative retinal detachment as an 
unusual manifestation of CSC (Gass  1973 ). This 
rare presentation is thought to be an exaggerated 
form of typical CSC. Clinically, there is bullous 

retinal detachment with shifting subretinal fl uid. 
There are large, single, or multiple-leaking PEDs 
which are often hidden under cloudy subretinal 
exudation (Sahu et al.  2000 ). FA reveals multiple 
foci of intense RPE leakage communicating with 
the detached subretinal space (Fig.  18.4 ). It is 
thought that proteins and fi brinogen escape into 
the subretinal space through these intensive leak-
age sites leading to the presence of a thick sub-
retinal exudate which subsequently seals the 

  Fig. 18.2    Fibrin in central serous chorioretinopathy. SD-OCT scan showing subretinal fl uid with hyper-refl ective 
material due to fi brin in acute central serous chorioretinopathy       

  Fig. 18.3    SD-OCT showing fi brin in the subretinal fl uid with focal dipping ( arrow ) of the posterior retina in acute 
central serous chorioretinopathy       
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leakage site (Fig.  18.5 ). Fibrin may also stimulate 
the fi brosis leading to formation of subretinal 
fi brotic membrane (Hooymans  1998 ; Schatz 
et al.  1995 ).

    On SD-OCT scans, bullous neurosensory ret-
inal detachments and large PEDs could be visu-
alized. Spontaneous RPE rip appearing as a 
defect in the RPE with a rolled edge has also 
been reported (Lee et al.  2013 ) (Fig.  18.6 ). Due 
to the bullous appearance, bullous CSC might be 
mistaken with other diseases such as rhegmatog-
enous retinal detachment, idiopathic uveal effu-
sion syndrome, multifocal choroiditis, 
Vogt- Koyanagi- Harada disease, choroidal 
metastasis, or lymphoma (Gass and Little  1995 ). 
Bullous CSC can be idiopathic in healthy indi-
viduals or can occur following high-dose corti-
costeroid therapy, organ transplantation, and 
hemodialysis or in pregnant women. Although 
most cases of bullous retinal detachment in CSC 
resolve either spontaneously, with discontinua-
tion of steroid, following delivery or after laser 
photocoagulation, the visual outcome is usually 
variable. One series reported visual deterioration 
in all bullous CSC patients with 50 % having a 
fi nal vision of 20/200 or worse, while others 
reported a good outcome with 80 to 100 % 

achieving vision of 20/40 or better (Fawzi et al. 
 2006 ; Gass  1973 ,  1991 ,  1992 ; Gass and Little 
 1995 ; Sahuet al.  2000 ).

18.2.4        Degeneration 
of Photoreceptors and Outer 
Retinal Changes in Central 
Serous Chorioretinopathy 

 The inner segment/outer segment (IS/OS) junc-
tion of the photoreceptors, also known as the 
ellipsoid zone (EZ), shows up as a hyper- 
refl ective line on OCT scans and has been found 
to be closely related to visual acuity. In normal 
individuals, the IS/OS line is continuous at the 
macula, while the IS/OS line is disrupted in vari-
ous disease states. In CSC, the IS/OS line is usu-
ally not visible in eyes with serous retinal 
detachment but becomes visible again in the 
majority of eyes after resolution of the subretinal 
fl uid (Kim et al.  2012 ). This indicates a disrup-
tion of the normal photoreceptor assembly during 
the serous macular detachment, which normal-
izes with phagocytosis of photoreceptor shed 
discs by the RPE upon reattachment. 

 During the acute phase of CSC, there is elon-
gation of the photoreceptor OS, which is seen on 
SD-OCT as a thickened and smooth posterior 
surface of the detached retina (Ooto et al.  2011 ; 
Song et al.  2012 ). After several months, the pos-
terior surface of the detached retina takes on a 
granulated or partially thinned appearance, and 
hyper-refl ective dots begin to appear intraretinal 
or on the posterior retinal surface, refl ecting 
accumulation of shed OS (Fujimoto et al.  2008 ; 
Kim et al.  2012 ; Ojima et al.  2007 ) (Fig.  18.7 ). In 
the late phase of CSC, the posterior surface of the 
retina is usually thinned due to long-standing 
shedding and disintegration of the photorecep-
tors. A chronic sustained serous retinal detach-
ment results in the disruption of the outer 
photoreceptor layer, and atrophy of the RPE 
ensues.

   SD-OCT fi ndings of IS/OS line discontinuity, 
longer length of IS/OS disruption, thinning of the 
outer nuclear layer, disruption in external limit-
ing membrane integrity, presence of hyper- 

  Fig. 18.4    Bullous central serous chorioretinopathy. Mid- 
phase fl uorescein angiography of an eye showing multiple 
leakage sites       
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refl ective dots, and RPE hypertrophy have all 
been shown to be associated with poor fi nal 
visual acuity in eyes with resolved CSC 
(Matsumoto et al.  2009 ; Ozdemir and Erol  2013 ; 
Yalcinbayir et al.  2014 ) (Fig.  18.8 ). Therefore, 
periodic imaging with SD-OCT in eyes with CSC 
is useful in assessing the visual prognosis of 
these patients.

18.2.5        Subretinal Deposits in Central 
Serous Chorioretinopathy 

 Yellowish deposits forming a reticulated leopard 
spot pattern have been reported in eyes with 
chronic neurosensory detachment caused by CSC 
(Iida et al.  2002 ). These deposits can be found 
within the areas of neurosensory detachment and 

  Fig. 18.5    SD-OCT of the same eye with bullous central serous chorioretinopathy showing large amount of subretinal 
fl uid with exudate showing as hyper-refl ective material beneath the neurosensory retina       

  Fig. 18.6    SD-OCT in an eye with bullous central serous chorioretinopathy showing RPE rip appearing as a defect in 
the RPE with a rolled edge       
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  Fig. 18.7    SD-OCT showing shallow subretinal fl uid with subretinal hyper-refl ective dots and granulated and partially 
thinned retina       

  Fig. 18.8    SD-OCT showing disruption of ellipsoid zone after complete resolution of subretinal fl uid in chronic CSC       
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increase in size and amount with increasing 
 duration of symptoms (Wang et al.  2005 ). 
SD-OCT imaging of these yellowish drusen-like 
granular deposits correlated well with the hyper-
refl ective deposits found on the posterior surface 
of the neurosensory retina as well as in the sub-
retinal cavity (Fig.  18.9 ). It has been suggested 
that these deposits are composed of fragments of 
photoreceptor OS that accumulate when they 
were unable to be phagocytosed by RPE due to 
presence of neurosensory detachment, especially 
when the detachment is prolonged for over 4 
months (Pryds and Larsen  2013 ). Other possible 
explanations for these deposits include plasma 
proteins extruded from the choriocapillaris, 
infl ammatory debris, and lipid exudate originat-
ing from occult choroidal neovascularization sec-
ondary to CSC (Wang et al.  2005 ). Eyes with 
foveal subretinal deposit on presentation usually 
do not recover to the full functional and structural 
status compared with the asymptomatic fellow 
eyes even after complete resolution of the neuro-
sensory retinal detachment following treatment 
with photodynamic therapy. This seems to indi-
cate that the subretinal deposits are associated 

with irreversible foveal damage in CSC (Pryds 
and Larsen  2013 ).

18.2.6        Decrease in Outer Nuclear 
Layer (ONL) Thickness 
in Central Serous 
Chorioretinopathy 

 While the time-domain OCT allows visualiza-
tion of the IS/OS junction with a resolution of up 
to 10 μm, the SD-OCT has an axial resolution of 
up to 1 μm, which enables visualization the 
external limiting membrane (ELM), in addition 
to showing the IS/OS line more clearly. The 
outer nuclear layer (ONL) represents the cell 
bodies of the cone photoreceptors. The outer 
limit of the ONL is the ELM, while at the central 
fovea, the inner boundary of the ONL almost 
abuts the internal limiting membrane (ILM). 
Matsumoto and colleagues defi ned the distance 
between the ILM and ELM at the fovea as the 
ONL thickness and evaluated this in patients 
with CSC (Matsumoto et al.  2009 ). Eyes were 
classifi ed into two groups according to 

  Fig. 18.9    SD-OCT in an eye with chronic CSC showing subretinal fl uid with hyper-refl ective deposits on the posterior 
surface of the neurosensory retina and in the subretinal space       
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BCVA. Eyes with BCVA poorer than 20/20 were 
found to have signifi cantly thinner ONL com-
pared with those with BCVA better than 20/20, 
which in turn was signifi cantly thinner than the 
ONL of normal controls. It was hypothesized 
that in serous retinal detachment, the retinal 
insults begin in the photoreceptor OS, where the 
disruption of the physiological phagocytosis of 
the OS by RPE cells leads to elongation of the 
OS, which eventually leads to apoptosis of pho-
toreceptor cell bodies and thinning of the 
ONL. The thinning of central foveal thickness 
has been replicated in other studies (Kim et al. 
 2012 ; Ooto et al.  2010 ). The ONL refl ects photo-
receptor volume and was found to be a more sen-
sitive indicator of visual outcome than IS/OS 
junction disruption (Ooto et al.  2010 ).  

18.2.7     Retinal Pigment Epithelial 
Layer Changes and Pigment 
Epithelial Defect in Central 
Serous Chorioretinopathy 

 Morphological alterations of the RPE invariably 
occur at the point of angiographic leakage on FA 
in CSC. They can be shown on both cross- 
sectional and en face SD-OCT scans as PED, 
RPE irregularities, RPE bulge or protrusions 
(defi ned as an absence of an optically clear space 
within the lesion in contrast with PED), RPE 
hyperplasia, and RPE micro-rip (Gupta et al. 
 2010a ; Kim et al.  2012 ; Lehmann et al.  2013 ; 
Shinojima et al.  2010 ). 

 PEDs are found in nearly all eyes with acute 
CSC. They are shown to persist in chronic CSC 
and in quiescent eyes even after resolution of 
SRF (Fujimoto et al.  2008 ; Song et al.  2012 ). 
Serous PEDs in SD-OCT are characterized by 
separation of the RPE (shown as a hyper- 
refl ective line) from the underlying Bruch’s 
membrane with an optically empty space in 
between. PEDs in acute CSC tend to be semicir-
cular in shape with a smooth surface (Fig.  18.10 ), 
while those in chronic CSCs are usually low or 
fl at with a dimpled or irregular surface (Song 
et al.  2012 ) (Fig.  18.11 ). It has been postulated 
that in CSC, the RPE overlying the hyperperme-

able choroidal circulation is damaged from the 
exudation and becomes dysfunctional. The 
increased hydrostatic pressure from the choroi-
dal circulation pushes the RPE forward and 
thereby creating a PED. A “micro-rip” or blow-
out of the RPE can occur if the damage is severe, 
resulting in a focal leak which shows up as a 
leakage spot on fl uorescein angiography 
(Fujimoto et al.  2008 ). These RPE micro-rips 
could be seen morphologically on SD-OCT 
scans (Kim et al.  2012 ). Once the fl uid egresses 
from the sub-RPE space to the subretinal space, 
the pressure equalizes which causes the collapse 
of the PED. As the walls of the PED collapse, 
the RPE micro-rip may seal or bundle up appear-
ing as RPE irregularities or hyperplasia on OCT 
(Gupta et al.  2010a ,  b ; Shinojima et al.  2010 ). 
Once the RPE seals, the subretinal fl uid will 
usually absorb leading to spontaneous CSC 
resolution.

    Abnormalities in the RPE can be seen not only 
in eyes with active CSC but also in asymptomatic 
fellow eyes. Gupta and colleagues demonstrated 
that RPE bumps and PED could be seen in 94 % 
and 12 % of asymptomatic fellow eyes of CSC 
patients, respectively (Gupta et al.  2010b ). The 
study provided evidence that CSC is a bilateral 
disease with asymmetrical clinical features. The 
RPE bumps may be related to underlying hyper-
permeable choroid together with impaired RPE 
function leading to pooling of fl uid in the sub- 
RPE space and might represent a preclinical or 
subclinical state of the disease. Yalcinbayir and 
colleagues noted that RPE bumps and hypertro-
phy were correlated with poor visual acuity, and 
the presence of these abnormalities on OCT may 
provide an indirect evidence of earlier photore-
ceptor damage and worse visual outcome 
(Yalcinbayir et al.  2014 ). 

 PED in CSC can also be visualized using en 
face OCT. They appear as circular with smooth 
inner silhouette on coronal section and are char-
acterized by a hypo-refl ective area surrounded by 
a well-defi ned hyper-refl ective margin. PEDs 
tend to be located within or at the edge of serous 
retinal detachment (Lehmann et al.  2013 ). With 
the en face SD-OCT, RPE hyperplasia can be 
seen as a hyper-refl ective area overlying the RPE 
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in 31 % of eyes with CSC (Lehmann et al.  2013 ). 
These areas of RPE hyperplasia are often located 
with small PEDs over the leakage points on 
FA. Under the RPE abnormalities, they noted 
choroidal cavitations, shown as multiple black 
hypo-refl ective cystic lesions corresponding to 
abnormal choroidal dilatations on transverse 
EDI-OCT scans.  

18.2.8     Secondary Choroidal 
Neovascularization in Central 
Serous Chorioretinopathy 

 Choroidal neovascularization (CNV) can arise 
as a complication of CSC, as with any other 
lesions of the RPE or the Bruch’s membrane. 
It occurs more frequently in chronic retinal 

  Fig. 18.10    SD-OCT of an eye with acute CSC showing subretinal fl uid with semicircular-shaped PED with smooth 
surface       
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pigment  epitheliopathy and has a reported inci-
dence of 4 % (Chan et al.  2003 ). CNV may 
occur after a long period after resolution of the 
acute disease and might be confused with CNV 
associated with age-related macular degenera-
tion (AMD) in older patients (Wang et al. 
 2005 ). CNV in long- standing CSC are more 
likely to be type 2 membranes (Chan et al. 
 2003 ), but associations with type 1 CNV and 
polypoidal choroidal vasculopathy (PCV) have 
also been reported (Fung et al.  2012 ). Patients 
who have received laser photocoagulation for 
CSC can also develop laser-induced CNV, with 
a reported incidence from 0.6 to 5 % 
(Matsunaga et al.  1995 ). 

 The exact hypothesis of secondary CNV in 
CSC is unclear. It is hypothesized that in normal 
eyes, the Bruch’s membrane acts as a barrier 
against CNV formation (Fung et al.  2012 ). In 
cases of CSC, chronic RPE decompensation or 
splitting of the RPE/Bruch’s membrane complex 
in serous PEDs together with ischemic changes 
of the choriocapillaris may be factors leading to 
CNV development (Chan et al.  2003 ; Levine 
et al.  1989 ). 

 CNV in CSC typically has classic features of 
a well-delineated membrane in the early phase 
with intense leakage in the late phase on FA 
(Cooper and Thomas  2000 ). OCT shows a sub-
retinal membrane associated with subretinal fl uid 
(Fig.  18.12 ). Intravitreal anti-vascular endothelial 
growth factor (anti-VEGF) therapy such as beva-
cizumab and ranibizumab has been investigated 
and appeared to be a useful treatment modality, 
with OCT resolution or reduction of the subreti-
nal fl uid and shrinkage of the CNV membrane 
(Konstantinidis et al.  2010 ; Montero et al.  2011 ; 
Nomura et al.  2012 ) (Fig.  18.13 ).

18.2.9         Enhanced Depth Imaging 
for Choroidal Changes 
in Central Serous 
Chorioretinopathy 

  Choroidal Thickness     Imamura and colleagues 
(Imamura et al.  2009 ) demonstrated using EDI- 
OCT imaging that the subfoveal choroidal thick-
ness was increased in both acute and chronic 
cases of CSC (Fig.  18.14 ). In the study, the mean 

  Fig. 18.11    SD-OCT of an eye with chronic CSC showing subretinal fl uid with semicircular-shaped PED with dimpled 
surface       
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choroidal thickness was greater in eyes with CSC 
compared with normal eyes by a mean of 214 μm. 
The results provided evidence that there is expan-
sion of the choroid as a result of the venous dila-
tation and increased hydrostatic pressure in the 
choroid in eyes with CSC.

     Choroidal Vessels     EDI-OCT imaging can be 
performed simultaneously with ICGA. Yang 
and colleagues showed that in the ICGA hyper- 
fl uorescent areas, there was reduction in hyper- 
refl ectivity beneath Bruch’s membrane on 

EDI-OCT, suggesting thinning of the small to 
medium vessel layers of the choroid (Yang 
et al.  2013 ). Underneath this thinned layer, 
enlarged, hypo-refl ective (similar to subretinal 
fl uid) lumina were identifi ed, suggesting dila-
tation of the large choroidal vessels. The diam-
eters of the hypo-refl ective choroidal lumina in 
hyperfl uorescent ICGA areas were signifi -
cantly associated with increased subfoveal 
choroidal thickness. They suggested interstitial 
edema may play a role in addition to choroidal 
dilatation.  

  Fig. 18.12    SD-OCT of an eye with a history of CSC showing hyper-refl ective lesion at the RPE level due to CNV 
formation       

  Fig. 18.13    SD-OCT after intravitreal anti-VEGF therapy for CNV secondary to CSC showing complete resolution of 
fl uid and regression of the CNV       
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  RPE Layer Changes     A “double-layer sign” can 
be seen on EDI-OCT scans, most often in chronic 
CSC eyes where the RPE layer has an undulated 
non-dome-shaped appearance, while the underly-
ing intact Bruch’s membrane appears as a straight 
line. The space in between the double layer could 
either be hyper- or hypo-refl ective, but hypo- 
refl ectivity is seen in the majority of CSC eyes. 
This feature can also be found in eyes with PCV, 
where the space is hyper-refl ective in most eyes 
with PCV. This can be used as one of the distin-
guishing features between the two diseases. It has 
been postulated that the difference in the refl ec-
tivity between eyes with PCV and CSC may be 
due to differences in the hyperpermeability of the 
choroidal vessels between the two diseases (Yang 
et al.  2013 ).  

 In both acute and chronic CSC, RPE hyper-
plasia that corresponds to focal leak on FA could 
be seen and can act as a guide to localize treat-
ment area. Choroidal cavitation, defi ned as mul-
tiple, black hypo-refl ective cystic lesions, could 
be seen in en face OCT at a layer just beneath the 
choriocapillaris, situated in areas of abnormal 
RPE. This could represent ischemic choroidal 

areas around focal hyper-fl uorescent spot 
observed on FA (Lehmann et al.  2013 ).  

18.2.10     Focal Choroidal Excavation 
in Central Serous 
Chorioretinopathy 

 Focal choroidal excavation (FCE) is a localized 
trough within the submacular choroid, along the 
RPE/Bruch’s membrane complex line seen on 
SD-OCT scans. On fundus examination, FCE 
appears as mild pigmentary mottling or a small 
yellowish spot, which can only be confi rmed 
with OCT imaging. It can be classifi ed as con-
forming, if the photoreceptor tips are attached to 
the apical surface of the RPE (Fig.  18.15 ), or 
nonconforming if the photoreceptor tips and the 
RPE are separated (Fig.  18.16 ). Eyes with non-
conforming type are generally more visually 
symptomatic as patients may develop metamor-
phopsia or blurred vision. FCE can also be classi-
fi ed in terms of its location: foveal if the foveal 
center is within the choroidal excavation or 
 extrafoveal if the foveal center is not within the 
excavation.

  Fig. 18.14    EDI-OCT showing subretinal fl uid with increased choroidal thickness in acute CSC       
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    While FCE was first reported in normal 
eyes, it is more commonly found in associa-
tion with other macular diseases such as PCV 
and CNV (Lee and Lee  2014 ). In a small case 
series, FCE was found to be present in around 
8 % of eyes with CSC, especially in myopic 
eyes (Ellabban et al.  2013 ). It is unclear 
whether FCE is a congenital or acquired con-
dition, but FCE tends to remain unchanged 
over time. There are close topographic asso-
ciations between FCE and CNV/PCV. It has 
been suggested that anatomic alterations or 
relative choroidal ischemia at the excavation 

site due to focal thinning could predispose 
FCE eyes to develop CNV at the excavated 
area (Lee and Lee  2014 ). FCE is often found 
to be within or next to leakage points seen in 
FA (Ellabban et al.  2013 ; Suzuki et al.  2014 ). 
Choroidal vascular hyperpermeability was 
found in nearly all eyes around the FCE or in a 
wide area outside the FCE (Luk et al.  2015 ). It 
remains unknown whether FCE plays a patho-
genic role in the development of CSC. 

 En face SD-OCT imaging at the level beneath 
the FCE has shown unusual choroidal tissue 
devoid of normal large choroidal vessels  bridging 

  Fig. 18.15    SD-OCT of an eye with focal choroidal excavation showing photoreceptor layer is attached to the apical 
surface of the RPE in the excavation       

  Fig. 18.16    SD-OCT of an eye with focal choroidal excavation showing photoreceptor layer is separated from the api-
cal surface of the RPE in the excavation       
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between the bottom of the excavation and the 
outer choroidal boundary (Ellabban et al.  2013 ). 
In some eyes, the outer boundary of the choroid 
seemed to be pulled inward, showing the under-
lying suprachoroidal space. This suggests a focal 
scarring process might be involved resulting in 
focal retraction of the RPE with FCE formation. 
This fi nding is supported by later studies where 
this hyper-refl ective band was found in 54 % of 
eyes with FCE (Lee et al.  2014 ). This hyper- 
refl ective layer was found to be associated with 
decreased choroidal thickness which further 
supports the theory that there is scarring and 
contraction of choroidal tissue in the develop-
ment of FCE.   

18.3     Correlation of SD-OCT 
Findings with Other Imaging 
Modalities 

18.3.1     Fundus Autofl uorescence 

 Fundus autofl uorescence (FAF) is an imaging 
technique that refl ects the intensity and spatial 
distribution of autofl uorophores in the retina. 
The main autofl uorophore is pyridinium bis-
retinoid (AE2), contained in lipofuscin which 
is a breakdown product of phagocytosed pho-
toreceptor OS. When stimulated by light of 
specifi c wavelengths, autofl uorophore emits 
light which can be captured by imaging sys-
tems focusing on the RPE. 

 In acute CSC, there may be no abnormal 
FAF fi ndings until after several months, when 
diffuse hyper-autofl uorescence develops along 
the inferior border of the retinal detachment. 
This is due to buildup of autofl uorescent mate-
rials in the subretinal space caused by impaired 
phagocytosis of the photoreceptor OS. There 
may also be small punctate hyper-autofl uores-
cence, resulting in a granular appearance. These 
precipitates are common and can appear in up 
to 65 % of eyes with CSC (Maruko et al.  2011a ). 
They correspond to hyper-refl ective lesions in 
the outer retina or subretinal space in SD-OCT 
scans. It has been hypothesized that the precipi-

tates could be accumulations of shed photore-
ceptor outer segments or engorged macrophages 
that have phagocytosed them (Nicholson et al. 
 2013 ). 

 In chronic CSC, there are often FAF changes 
that refl ect large areas of RPE atrophy or damage. 
Gravity-driven descending tracts of subretinal 
fl uid can be seen. These tracts appear hyper- 
autofl uorescent when the fl uid fi rst occurs, then 
becoming increasingly hypo-autofl uorescent as 
the underlying RPE is damaged in the path of the 
fl uid. Imamura and colleagues classifi ed hypo- 
autofl uorescence in CSC into granular or confl u-
ent types (Imamura et al.  2011 ). They noted the 
granular type seemed to signify incomplete loss 
of RPE cells and therefore appeared as inter-
mixed dots of normal autofl uorescence and hypo- 
autofl uorescence in between, while confl uent 
type appears as a uniform hypo-autofl uorescence, 
indicating confl uent cell loss. This could be cor-
related with OCT scans where areas of hypo- 
autofl uorescence on FAF are associated with 
atrophy of the RPE and the outer retina, as well 
as photoreceptor damage seen as IS/OS disrup-
tion on OCT scans (Spaide et al.  2008 ; Kim et al. 
 2013 ). The presence of granular or confl uent 
hypo-autofl uorescence at the macula or peripap-
illary area or descending tract from the macula 
has been shown to be a signifi cant predictor for 
poor visual acuity. 

 Recent developments in autofl uorescence 
imaging have used infrared (IR) or near-IR auto-
fl uorescence as the stimulating light source 
instead of the traditional short wavelength (SWL) 
autofl uorescence. In these FAF images, melanin 
is the main autofl uorophore, in contrast to lipo-
fuscins in SWL autofl uorescence. Granular 
hyper-IR autofl uorescence was noted in CSC that 
changed to hypo-autofl uorescence later in the 
disease course and is hypothesized to be due to 
modifi cation of melanin in the RPE. Also, areas 
of simultaneous punctate hyper-IR autofl uores-
cence and hyper-SWL autofl uorescence could be 
seen. These areas correspond to RPE hyperplas-
tic areas on OCT scans and are speculated to be 
hyperplastic RPE clumps (Sekiryu et al.  2010 ; 
Kim et al.  2013 ).  
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18.3.2     Fluorescein Angiography 

 Fluorescein angiography (FA) is widely used in 
the diagnosis and treatment of CSC. In acute 
CSC, the most characteristic feature is one or 
more expanding dots of fl uorescein that pools in 
the serous retinal detachment. The classic 
“smokestack” appearance, where the dye rises 
from the leakage point to the top of the neuro-
sensory detachment then spreads laterally due to 
osmotic gradient between old and new fl uid 
within the detachment, is less commonly seen 
than the inkblot or mushroom-shaped dye pat-
tern. The pinpoint leak on FA represents leakage 
of dye from the choroid through a focal RPE 
defect which is present in about 95 % of CSC 
cases. The leak is usually within 1500 μm of the 
fovea, most commonly in the supero-nasal quad-
rant as gravity pulls the fl uid inferiorly (Ross 
et al.  2011 ). 

 Correlation of FA leakage points with cross- 
sectional SD-OCT scans shows RPE abnormali-
ties in nearly all eyes. PEDs are present in 
61–71 % of eyes, while a protruding or irregular 
RPE layer is seen in 32–100 % (Fujimoto et al. 
 2008 ; Kim et al.  2012 ; Shinojima et al.  2010 ). 
SD-OCT enables the detection of small or shal-
low PEDs which cannot be detected on FA alone. 
RPE micro-rips or defects within these PEDs or 
RPE irregularities have been matched precisely 
to leakage points on FA and provide further evi-
dence that RPE abnormalities are involved in the 
pathogenesis of CSC (Kim et al.  2012 ). On fol-
low- up assessment, these RPE rips undergo 
spontaneous closure, replaced by RPE hypertro-
phy (Gupta et al.  2010a ). 

 In multifocal or chronic CSC, multiple areas 
of pinpoint leakage and neurosensory detach-
ment fi lling could be seen. As the RPE is dam-
aged from repeated neurosensory detachment 
and SRF, hyper-fl uorescent window defects 
could be seen, often along gravitational tracts 
corresponding to areas of RPE atrophy. SD-OCT 
imaging of these window defects shows different 
degree of damage to the RPE or the outer retina 
including the IS/OS junction and the external 
limiting membrane (Kim et al.  2013 ).  

18.3.3     Indocyanine Green 
Angiography 

 The use of indocyanine green angiography (ICGA) 
has shed much light on the pathophysiology of 
CSC. It is also used to guide treatment with verte-
porfi n photodynamic therapy (PDT). 
Characteristically, ICGA shows initial hypofl uo-
rescence with delayed choroidal arterial fi lling, fol-
lowed by mid-phase hyperfl uorescence due to 
vascular hyperpermeability and late-phase washout 
of indocyanine green dye (Ross et al.  2011 ; Quin 
et al.  2013 ). It is suggested that the initial delayed 
arterial fi lling is due to choroidal capillary and 
venous congestion, as leakage from RPE on FA 
only occurs in areas where ICGA showed delayed 
arterial fi lling (Kitaya et al.  2003 ). Localized 
hyperfl uorescence suggests areas of underlying 
choroidal hyperpermeability and dilatation. 

 With the use of en face EDI-OCT, it was 
demonstrated that areas of dilation of choroidal 
vascular network corresponded exactly with the 
choroidal abnormalities in ICGA. In contrast to 
hyperfl uorescence on ICGA, dilated choroidal 
vessels show up as large hypo-refl ective tubes in 
an interconnected network on en face EDI-OCT 
(Lehmann et al.  2013 ). Ferrara and colleagues 
further characterized these dilatations as focal 
or diffuse choroidal dilation (Ferrara et al. 
 2014 ). Dilatations are considered as focal if 
some vascular branches have larger caliber than 
the surrounding branches and as diffuse if the 
dilatations are relatively homogeneous. The 
areas of dilatation corresponded to areas of cho-
roidal hyperperfusion on ICGA and are invari-
ably found in eyes with overlying PED or RPE 
changes. En face EDI-OCT may be more advan-
tageous than ICGA in assessing choroidal ves-
sel dilatation as it can provide cross-sectional 
information about the choroidal vasculature in 
individual layers (choriocapillaris, Sattler’s and 
Haller’s layer could be separately analyzed), 
whereas in ICGA, all the layers are compressed 
into a two-dimensional image. In addition, en 
face OCT is noninvasive and can provide the 
same information on the choroidal vasculature 
using ICGA (Ferrara et al.  2014 ).   
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18.4     Use of SD-OCT 
to Differentiate Other 
Conditions Mimicking Central 
Serous Chorioretinopathy 
(Table  18.1 ) 

18.4.1     Polypoidal Choroidal 
Vasculopathy 

 Polypoidal choroidal vasculopathy (PCV) was 
fi rst described by Yannuzzi in 1982. It is now 
considered a subtype of neovascular AMD 
which is characterized by aneurysmal or polyp-
like abnormalities with a branching vascular 
network (BVN) of neovascularization in the 
inner choroidal vessels seen on ICGA. It typi-
cally shows multiple, recurrent serosanguine-
ous detachment of the retina and RPE with 
leakage and bleeding from the polypoidal 
lesions or BVN (Ciardella et al.  2004 ). There 
are some similarities between PCV and chronic 
CSC which might lead to misdiagnosis of 
chronic CSC patients as having PCV and vice 
versa. Both diseases tend to occur in patients 

with younger age than typical AMD, and both 
conditions are associated with multifocal cho-
roidal vascular hyperpermeability on ICGA, 
increased choroidal thickness, and dilated thin- 
walled choroidal vessels histologically (Mrejen 
and Spaide  2013 ; Sasahara et al.  2006 ). It has 
been suggested that chronic CSC may predis-
pose to formation of polypoidal lesions and 
maybe an ocular risk factor for PCV (Koizumi 
et al.  2013 ; Sasahara et al.  2006 ). However, 
PCV is more commonly associated with sub-
retinal exudation, fi brin deposition, and hemor-
rhages which generally leads to a poorer visual 
outcome. 

 OCT studies of eyes with PCV show sharp 
protrusions of the RPE correlating to orange red 
nodules seen clinically (Fig.  18.17 ). A character-
istic “double- layer sign” consisting of a two lines 
at the RPE level with hyper-refl ective material in 
between could be seen in PCV, and this is consid-
ered to correspond to the BVN (Sato et al.  2007 ). 
In CSC, although a similar double-layer sign 
could be seen, the space between the two layers is 
usually hypo-refl ective (Yang et al.  2013 ). 

   Table 18.1    Comparisons of OCT fi ndings of macular disorders which might resemble CSC   

 OCT feature 
 Central serous 
chorioretinopathy 

 Polypoidal choroidal 
vasculopathy 

 Serous PED in 
AMD 

 Vogt-Koyanagi-Harada 
disease 

 Intraretinal fl uid  Usually mild or minimal  Present  Present  Mild intraretinal cyst in 
acute phase 

 Subretinal fl uid  Marked in acute phase  Mild  Mild  Marked in acute phase 
 Can occur in multiple 
pockets 

 RPE level  Double-layer sign with 
hypo-refl ective space. 
Circular PED 

 Double-layer sign 
with hyper- 
refl ective space due 
to branching 
vascular network 
 Sharp protrusion of 
RPE layer due to 
polyp 

 Irregular due to 
drusen or RPE 
atrophy 

 Undulations due to 
infi ltration of 
infl ammatory cells 

 EDI-OCT 
choroidal layer 

 Increased choroidal 
thickness 
 Small- and medium- 
sized vessel thinning 

 Increased choroidal 
thickness 

 Reduced 
choroidal 
thickness 

 Increased choroidal 
thickness in acute phase 
 Small- and medium- 
sized vessel thinning 
 Dilation of large 
choroidal vessels 

 En face OCT  PED with smooth inner 
silhouette, uniform 
borders, and clear 
content 

 Branching vascular 
network 

 PED has 
irregular 
borders 

 N/A 
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Cystoid macula edema, lipid deposits, subretinal 
hemorrhage, and hemorrhagic PED are more 
commonly seen in PCV but not CSC (Ooto et al. 
 2011 ). In the retina, the thickness of the outer 
nuclear layer as well as the inner segment of the 
photoreceptor is decreased in both PCV and 
CSC, which correlates with poor visual acuity. 
However, in PCV, the thickness of the photore-
ceptor OS is thinner than normal individuals, 
while in CSC, the OS is similar or thicker than 
normal individuals (Ooto et al.  2010 ). Elongation 
of OS could be seen in CSC, but it is rare in 
PCV. This suggests that photoreceptors may be 
more severely damaged by the subretinal fl uid in 
PCV than CSC, which often contains fi brin or 
hemorrhage. This leads to poorer visual outcome 
in PCV than CSC (Kim et al.  2012 ; Matsumoto 
et al.  2009 ; Ooto et al.  2010 ).  

18.4.2     Serous Pigment Epithelial 
Detachment in Age-Related 
Macular Degeneration 

 The diagnosis of CSC can sometimes be con-
fused with AMD, especially in cases of chronic 
CSC among older patients. Overlapping features 
of the two conditions include chronicity, RPE 
hyperplasia or atrophy, PED, subretinal fl uid, 
cystoid macular degeneration, retinal atrophy, 
and hyperfl uorescence on FA or ICGA (Fung 
et al.  2012 ). There are several ways to differenti-
ate the two diseases using SD-OCT imaging. In 
CSC, the PED tends to be smaller and more cir-
cular and have a clear content (Cho et al.  2010 ). 
Subretinal fl uid and hypertrophic outer retinal 
changes are more common in CSC than in AMD, 
but there is less intraretinal fl uid in CSC com-
pared with AMD (Lumbroso et al.  2011 ). On 
EDI-OCT imaging, choroidal thickness is usu-
ally increased in CSC, whereas the choroidal 
thickness is typically reduced in AMD. With en 
face OCT imaging, PEDs in CSC are circular 
with smooth inner silhouette, clear contents, and 
uniform borders, where the borders are often 
irregular in AMD. The OCT fi ndings, combined 
with medical history (eg, steroid use), demo-
graphics (eg, younger patient), other clinical fea-

tures (eg, absence of drusen), and features of 
other investigations (eg, bilateral vascular 
 hyperpermeability on mid-phase ICGA), often 
enable clinicians to differentiate among these two 
disease entities.  

18.4.3     Vogt-Koyanagi-Harada 
Disease 

 Vogt-Koyanagi-Harada (VKH) disease is an idio-
pathic granulomatous infl ammatory disorder that 
affects the eyes, meninges, and skin. The main 
site of the intraocular infl ammation is the cho-
roid. The clinical course of VKH disease is 
divided into acute, chronic, and convalescent 
stages. Eyes during acute VKH disease stage are 
characterized by bilateral multifocal serous neu-
rosensory detachments. In the convalescent stage, 
the retinal detachment resolves and develops late 
manifestations such as ocular depigmentation, 
peripheral nummular scars, pigmentary changes 
of the RPE, or recurrent chronic anterior uveitis. 

 VKH can sometimes be confused with CSC, 
especially in the acute stage where both condi-
tions present with neurosensory retinal detach-
ment. Differentiating between the two disease 
entities is important as VKH is treated with high- 
dose steroids while CSC is aggravated by steroid 
therapy. Characteristic FA fi ndings for VKH dis-
ease include disseminated spotted choroidal 
hyperfl uorescence and multifocal pockets of 
SRF with pooling of dye and with disc leakage, 
while CSC typically present with inkblot or 
smokestack leakage patterns, and the SRF is 
mainly limited to the posterior pole with no disc 
leakage. 

 Using SD-OCT, differentiating features for 
VKH from CSC include large wavy undulations 
of the RPE, presence of subretinal septa, and 
intraretinal cystic space (Vasconcelos-Santos 
et al.  2010 ). In acute VKH disease, intraretinal 
cystic spaces corresponded to areas of dye pool-
ing on FA. The retina is split just above the IS/
OS junction in these cystic  structures, and a 
membranous structure, represented by a highly 
refl ective line, is seen at the fl oor of these cysts 
and is continuous with the IS/OS line (Ishihara 
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et al.  2009 ). Ishihara and colleagues hypothe-
sized that infl ammatory  products such as fi brin 
binds to a portion of the OS layer and is split 
from the IS in these cystoid spaces (Ishihara 
et al.  2009 ). In areas of serous retinal detach-
ment, irregularity of the IS/OS junction could be 
seen. Characteristic wavy undulations of the 
RPE can often be found in areas adjacent to the 
serous retinal detachment, probably representing 
areas of infi ltration of infl ammatory cells in the 
choroid and choroidal folds (Gupta et al.  2009 ). 

 In the chronic or convalescent phase of VKH 
disease, SD-OCT imaging of the hypopigmented 
atrophic lesions in sunset glow fundi shows RPE 
loss with variable involvement of the outer retinal 
layers. RPE thickening suggesting RPE hypertro-
phy could be seen in areas with pigmented or dis-
ciform scars. 

 EDI-OCT imaging of eyes with acute VKH 
disease shows diffuse choroidal thickening com-
pared with convalescent phase VKH (Fong et al. 
 2011 ; Montero et al.  2011 ). Localized thickening 
of the choroidal compartment with subsequent 
bulging of the RPE/Bruch’s refl ective complex 
anteriorly (“choroidal bulging”) has been 

observed in convalescent VKH, and this might 
suggest ongoing subclinical infl ammation 
(Sakata et al.  2014 ). 

 Fong and colleagues demonstrated a loss of 
inner choroidal hyper-refl ective foci in VKH 
patients in both acute and convalescent stages 
using EDI-OCT imaging (Fong et al.  2011 ). It 
was hypothesized that these hyper-refl ective foci 
represent pericapillary arterioles and venules, 
which were damaged by infl ammation and 
caused stromal shrinking and small vessel drop-
out as shown on EDI-OCT. This hypothesis was 
later supported by further SD-OCT studies which 
showed loss of choriocapillaris layer in convales-
cent phase VKH, represented as a break in the 
hypo-refl ective band just below the RPE/BM 
layer (Nazari et al.  2014 ). Eyes with CSC also 
showed a relative thinning of the inner choroidal 
layer of small- and medium-sized vessels. 
However, underneath the thinned inner choroidal 
layer, there is a relative dilation of the large cho-
roidal vessels, shown as hypo-refl ective lumina 
beneath the thinned inner choroidal layer, which 
contrasts with eyes with VKH disease (Yang 
et al.  2013 ).   

  Fig. 18.17    SD-OCT showing subretinal fl uid with nodular protrusions at the RPE level due to polypoidal choroidal 
vasculopathy corresponding to the nodular hyperfl uorescence as seen in ICGA       
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18.5     Use of SD-OCT for Treatment 
Monitoring in Central Serous 
Chorioretinopathy 

18.5.1     Photodynamic Therapy 

 Verteporfi n PDT is useful in promoting resolution 
of acute and chronic CSC as well as to prevent 
recurrences. It causes remodeling of the choroidal 

vasculature and reduces choroidal hyperperme-
ability and congestion thereby addressing the root 
cause of the disease. Early reports using standard 
protocol PDT for CSC reported 60–100 % success 
rates with improvement of visual outcome in both 
acute and chronic cases (Yannuzzi et al.  2012 ). 
However, potential problems including foveal 
RPE atrophy, choroidal ischemia, and secondary 
CNV were reported to occur with standard 
PDT. More recently safety enhanced PDT, either 

  Fig. 18.18    SD-OCT showing subretinal fl uid in CSC prior to photodynamic therapy with half-dose verteporfi n       

  Fig. 18.19    SD-OCT 1 month after photodynamic therapy with half-dose verteporfi n showing complete resolution of 
subretinal fl uid       
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with reduced dose or fl uence PDT, has been inves-
tigated with good results. 

 Chan and colleagues (Chan et al.  2008 ) per-
formed a randomized control trial with half-dose 
verteporfi n PDT for acute CSC eyes and found 
95 % resolution of SRF in patients in the treat-
ment group compared with 58 % in the placebo 
group. Reduced fl uence, either by decreasing 
treatment time or energy output, was also found 
to be effi cacious in speeding up subretinal fl uid 
resolution with reduced complications such as 
CNV and choriocapillaris nonperfusion (Reibaldi 
et al.  2010 ). 

 SD-OCT imaging is useful in monitoring CSC 
following PDT in two ways. Firstly, it can moni-
tor the height of serous retinal detachment follow-
ing PDT and can detect any residual fl uid that is 
not obvious on clinical examination (Figs.  18.18  
and  18.19 ). Some eyes show a transient increase 
in exudation immediately following PDT, similar 
to eyes with CNV treated with PDT, with subse-
quent resolution of the subretinal fl uid (Rogers 
et al.  2002 ). Secondly, by using EDI-OCT, subfo-
veal choroidal thickness can be assessed follow-
ing PDT. Maruko and colleagues reported 
reduction of mean choroidal thickness from a 
baseline of 462 μm to 360 μm in PDT-treated eyes 
after 1 month, and ICGA showed decreased 
hyperpermeability (Maruko et al.  2010 ). This 
reduction was not seen in eyes treated with ther-
mal laser photocoagulation.

18.5.2          Thermal Laser 
Photocoagulation 

 Conventional laser treatment for CSC is performed 
in CSC to obtain a confl uent coagulation of mod-
erate intensity covering the leakage point on FA. It 
is used to expedite the absorption of SRF in acute 
and chronic CSC, but it does not prevent recur-
rence (Nicholson et al.  2013 ). The exact mecha-
nism of action for thermal laser in CSC is unclear, 
but it may cause direct sealing of the RPE leaking 
sites or by promoting RPE pumping function. 
Possible side effects include scotoma and late 
development of CNV, and therefore it is mainly 
used in chronic or refractory cases. However, it 

does not have a role in bullous variant of CSC 
(Liegl and Ulbig.  2014 ). Using SD-OCT to evalu-
ate the photoreceptors before and after laser treat-
ment in acute and chronic CSC, Odrobina and 
colleagues found that permanent damage to the 
photoreceptor layer and external limiting mem-
brane occurred in 93 % of chronic CSC eyes but 
not in acute CSC eyes up to 12 months post-laser 
treatment and absorption of subretinal fl uid 
(Odrobina et al.  2013 ). Changes include disruption 
of the foveal photoreceptor layer and external lim-
iting membrane, persistent hyper-refl ective sub-
retinal deposits, and a noticeable RPE bulge, 
refl ecting outer segment apoptosis and phagocyto-
sis by RPE. This seems to indicate that early laser 
treatment of CSC results in quicker resolution of 
SRF and might reduce long-term photoreceptor 
damage and visual acuity loss. 

 While traditional laser is useful to shorten dura-
tion of serous detachment in CSC, it is not appro-
priate for juxtafoveal or subfoveal leakage points 
(leakage sites should be more than 375 μm from 
the fovea). A modifi ed laser therapy with micro-
pulse diode laser has been recently investigated, 
which involves applying a sub-threshold laser burn 
using a 810 nm diode laser to the  leakage site, 
which leads to early resolution of serous retinal 
detachment in chronic CSC without leaving any 
visible scars on fundoscopy or on FA (Lanzetta 
et al.  2008 ; Roisman et al.  2013 ).
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19.1         Introduction 

 Optical coherence tomography (OCT) has trans-
formed the understanding of the anatomy of the 
vitreomacular interface (VMI) and pathologic 
processes that occur there. Since the fi rst descrip-
tion of macular diseases with OCT in 1995, pro-
gressive advances in technology have made OCT 
the gold standard for the diagnosis and manage-
ment of VMI diseases (Puliafi to et al.  1995 ; 
Stalmans et al.  2013 ). Clinical biomicroscopic 
examination and other imaging modalities are 
limited in their capabilities to fully diagnose and 
document diseases of the VMI as vitreous mem-
branes are often clinically invisible. Spectral 
domain OCT (SD-OCT) provides high- resolution 
images of the VMI with noninvasive capture and 
fast acquisition. SD-OCT enables the clinician to 
more accurately diagnose diseases of the VMI, 
informs treatment, and guides postoperative care 
(Folgar et al.  2012 ). The approval of ocriplasmin 
(Jetrea, ThromboGenics, Iselin, New Jersey) for 
pharmacologic vitreolysis of “symptomatic vit-
reomacular adhesion” has further stimulated 
interest in understanding the pathophysiology of 
the VMI (FDA  2012 ). These developments led to 
the formation of the International Vitreomacular 
Traction Study (IVTS) Group to create a strictly 
anatomic OCT-based classifi cation system for 
the VMI and more specifi cally the vitreomacular 
interface (VMI) (Duker et al.  2013 ). The panel of 
vitreoretinal disease experts provided anatomic 
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defi nitions and classifi cation of vitreomacular 
adhesion (VMA), vitreomacular traction (VMT), 
and full-thickness macular hole (FTMH). This 
classifi cation system and the science upon which 
it is based inform the current diagnosis and man-
agement of diseases of the VMI.  

19.2     Posterior Vitreous 
Detachment 

 The vitreous gel is attached to the internal limit-
ing membrane (ILM) of the retina and all other 
contiguous structures of the inner eye (Bishop 
 2000 ; Sebag and Balazs  1989 ). The posterior vit-
reous cortex and ILM are attached by a glue-like 
matrix of macromolecules including fi bronectin 
and laminin. Posterior vitreous detachment (PVD) 
is the result of gel liquefaction and weakening of 
the vitreoretinal adhesion. OCT reveals that PVD 
usually begins in the perifoveal macula (Johnson 
 2010 ; Uchino et al.  2001 ). The normal vitreous 
contains a posterior precortical vitreous pocket 
that was fi rst described by anatomical studies but 
can be visualized on swept source OCT as a boat-
shaped lacunae over the macula with the thinnest 
posterior vitreous cortex at the fovea (Itakura 
et al.  2013 ; Worst  1977 ). The concurrent liquefac-
tion of the gel and progressive posterior vitreous 
cortex separation lead to nonpathologic PVD in 
half of the eyes by age 50 years and in almost all 
subjects age 80 years and older (Sebag  1987 ). In 
most eyes, concurrent vitreoretinal separation 
occurs at multiple sites and proceeds for decades 
before coalescing into a fi nal separation from the 
macula and optic nerve. The vitreopapillary sepa-
ration is signaled by the appearance of the Weiss 
ring, often with acute symptoms to signal the 
completion of a yearlong process. Symptoms of 
the completion of a PVD include light fl ashes 
caused by vitreous traction and fl oaters which 
may be due to blood, condensations of vitreous 
collagen, or glial tissue torn from the optic nerve 
(Steel and Lotery  2013 ). However, a subset of 
patients will have pathologic consequences of 
PVD known as an anomalous PVD (Sebag  2004 ). 
This most commonly occurs at sites of strong vit-
reous adherence including the vitreous base, optic 
disk, and macula. The pathologic consequences 

include retinal tears from traction at the vitreous 
base, vitreopapillary adhesion from traction on 
the optic nerve, and focal VMT of the macula 
(Stalmans et al.  2013 ). 

 In the IVTS classifi cation, an anomalous PVD 
is defi ned as “a partial vitreous detachment with 
persistent attachment in the macular region fea-
turing an anomalous strength of adhesion to one 
or more structures in the posterior pole, resulting 
in transactional deformation of retinal tissue” 
(Duker et al.  2013 ). The consensus panel utilized 
OCT-derived fi ndings to defi ne the pathologic 
progression of anomalous PVD at the VMI 
including vitreomacular traction (VMT) and full- 
thickness macular holes (FTMH). SD-OCT is 
clinically useful to determine if a PVD is com-
plete, which may inform the management of 
VMI diseases.  

19.3     Vitreomacular Adhesion 

 Vitreoretinal adhesion is a normal state as most 
eyes have complete adhesion between the vitreous 
and retina at birth. For the purposes of the IVTS-
OCT classifi cation, VMA is defi ned as “a specifi c 
stage of vitreous separation wherein partial detach-
ment of the vitreous in the perifoveal area has 
occurred without retinal abnormalities” (Duker 
et al.  2013 ) (Fig.  19.1 ). In prior classifi cation sys-
tems, VMA is the equivalent of a stage 1 PVD 
(Gaudric et al.  1999 ; Johnson  2010 ; Uchino et al. 
 2001 ). On OCT, VMA can be visualized as eleva-
tion of the cortical vitreous above the retinal sur-
face. The remaining vitreous remains attached 
within a 3-mm radius of the fovea with an acute 
angle between the vitreous and inner retinal sur-
face. The retina does not demonstrate any change 
in contour or morphologic features because of vit-
reous adhesion, and therefore, there is no expected 
visual impairment or symptoms. The eyes with 
VMA may be subclassifi ed by the size of the adhe-
sion as FOCAL ≤ 1500 μm or BROAD > 1500 μm. 
The 1500-μm cutoff is a known area of increased 
vitreous adhesion in the fovea and has been used in 
prior classifi cation systems and reading center 
protocols (DeCroos et al.  2012 ; Koizumi et al. 
 2008 ). However, it is unclear whether the distinc-
tion between focal and broad VMA has prognostic 
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signifi cance for the development of VMT or 
FTMH. In most patients with VMA, the vitreous 
will separate spontaneously without pathological 
sequelae. VMA can also be classifi ed as 
CONCURRENT if the OCT fi ndings are associ-
ated with other macular abnormalities such as age-
related macular degeneration or diabetic macular 
edema, and ISOLATED if no ocular disease is 
present (Duker et al.  2013 ). SD-OCT provides 
high-resolution images to judge whether VMA is 
isolated or concurrent (Fig.  19.1 ). For example, in 
the eyes with diabetic macular edema (DME), the 
angle of insertion of the vitreous adhesion may 
indicate whether the vitreous is causing traction 
and resultant distortion in the retinal architecture 
or is simply concurrent with the DME.

19.4        Vitreomacular Traction 

 Traction on the macula from the progression of a 
PVD can result in anatomic changes in the retina. 
These changes can include distortion in the con-
tour of the foveal surface, intraretinal pseudocyst 
formation, elevation of the fovea from the RPE, 

or some combination that may result in reduced 
vision (Duker et al.  2013 ; Johnson  2010 ). 

 The IVTS defi ned vitreomacular traction 
(VMT) as the concurrence of detectable retinal 
anatomic changes on OCT with perifoveolar 
PVD (Duker et al.  2013 ) (Fig.  19.2 ). The criteria 
to defi ne VMT include:

     1.    Evidence of perifoveal vitreous cortex detach-
ment from the retinal surface   

   2.    Macular attachment of the vitreous cortex 
within a 3-mm radius of the fovea   

   3.    Association of attachment with distortion of 
the foveal surface, intraretinal structural 
changes, elevation of the fovea above the 
RPE, or a combination thereof, but no full- 
thickness interruption of all retinal layers    

  VMT can also be subclassifi ed as FOCAL 
(≤1500 μm) or BROAD (>1500 μm) and 
ISOLATED or CONCURRENT similar to VMA 
(Koizumi et al.  2008 ). The surface area of VMT 
affects the anatomical distortion of the retina and 
the patient’s symptomatology (Fig.  19.2 ) (Spaide 
et al.  2002 ; Yamada and Kishi  2005 ). For exam-

a b

c d

  Fig. 19.1    Nonpathologic posterior vitreous detachment 
and vitreomacular adhesion. ( a ) Focal VMA ( arrows ) 
with normal foveal contour. ( b ) Broad VMA ( arrows ) 
with normal foveal contour. ( c ) Nonpathologic complete 
PVD. ( d ) Focal VMA with concurrent cystoid macular 

edema (CME), subretinal fl uid, and drusen in a patient 
with CME post-cataract extraction and a history of age- 
related macular degeneration (Unless stated otherwise all 
SD-OCT images acquired with by Cirrus SD-OCT, Carl 
Zeiss Meditec, Inc., Dublin, CA)       
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ple, focal VMT tends to distort the foveal surface, 
elevate the foveal fl oor, and form pseudocysts 
within the central macula that can diminish visual 
acuity and cause visual distortion (Haouchine 
et al.  2001 ). In contrast, broad VMT can cause a 
wider area of macular thickening, macular schi-
sis, cystoid macular edema, and vascular leakage 
on fl uorescein angiography. The SD-OCT 
appearance of VMT informs the optimal choice 
of management and the patient’s prognosis with 
treatment. OCT can also be used to sequentially 
follow VMT over time to detect resolution of the 
traction or, in some cases, progression to FTMH 
(Fig.  19.3 ). “Symptomatic VMA” is a clinical 
diagnosis with OCT showing VMT with or with-
out concurrent macular hole and clinical com-
plaints attributable to the retinal architectural 
changes (Stalmans et al.  2013 ). VMA and VMT 

may alter the pathophysiology of other retinal 
diseases including neovascular or wet age-related 
macular degeneration (wAMD) and diabetic 
macular edema (DME). In one meta-analysis, 
VMA was found to be 2.15 times more likely in 
the eyes with wAMD than controls and 2.54 
times more likely than the eyes with dry AMD 
(Jackson et al.  2013 ). Some studies suggest that 
the presence of VMA impacts wAMD patients’ 
functional outcomes with treatment, as well as 
the frequency of retreatment (Waldstein et al. 
 2014 ). In patients with PVD, a lower treatment 
frequency of intravitreal ranibizumab may be 
feasible, whereas patients with VMA or recent 
release of vitreomacular contact may benefi t 
from more intensive retreatment (Mayr-Sponer 
et al.  2013 ). Other studies have found an associa-
tion between DME and both VMA and VMT 

a b

c d

  Fig. 19.2    Range of pathology of vitreomacular traction. 
( a ) Focal VMT ( arrow ) with minimal distortion of the 
foveal architecture in asymptomatic eye with visual acuity 
of 20/20. ( b ) Steep angle of VMT ( arrow ) with distortion 
of the foveal architecture and an intraretinal cyst in a 
symptomatic eye with visual acuity of 20/70. ( c ) 
Concurrent VMT with temporally directed tractional 
forces in an eye with cystoid macular edema following 

cataract extraction and a history of dry age-related macu-
lar degeneration with visual acuity of 20/40. ( d ) Broad 
area of VMT with signifi cant distortion of the retinal 
architecture with cystic intraretinal fl uid and anteriorly 
directed tractional forces in a symptomatic eye with vision 
of 20/100 (Unless stated otherwise all SD-OCT images 
acquired with by Cirrus SD-OCT, Carl Zeiss Meditec, 
Inc., Dublin, CA)       
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(Jackson et al.  2013 ; Ophir et al.  2010 ). In one 
study, macular edema resolved spontaneously 
more frequently in the eyes with vitreomacular 
separation than in eyes with persistent vitreomac-
ular adhesion (Hikichi et al.  1997 ). Asymptomatic 
VMA may increase the risk of diffuse DME by 
greater than three times as compared with dia-

betic patients with a complete PVD or complete 
vitreoretinal attachment (Lopes de Faria et al. 
 1999 ). Additional studies with SD-OCT are 
needed to determine the optimal treatment strate-
gies for patients with concurrent VMA or VMT 
with other retinal diseases.

19.5        Epiretinal Membrane (ERM) 

 OCT has also led to a better understanding of the 
connection between PVD and the formation of 
epiretinal membranes. Anatomic autopsy studies 
have demonstrated that residual vitreous remains 
on the surface of the retina in nearly half of all 
eyes with PVD (Kishi et al.  1986 ). This fi nding 
called vitreoschisis can also be observed on 
OCT. The residual vitreous may proliferate to 
form an epiretinal membrane (ERM) during or 
after vitreous separation. This observation is sup-
ported by studies, which show a high incidence 
of apparent PVD in the eyes with macular pucker 
(Snead et al.  2008 ). The vitreous remnants form a 
scaffold for glial cells and laminocytes to attach 
and proliferate leading to contracture and stress 
on the underlying foveal architecture (Gandorfer 
et al.  2002 ). 

 OCT helps the physician judge whether the 
patient’s symptoms match the alterations in the 
retinal anatomy caused by ERM (Wilkins et al. 
 1996 ). This understanding allows for the most 
appropriate intervention given the limitations of 
clinical biomicroscopy. In the phase III studies of 
enzymatic vitreolysis with ocriplasmin, SD-OCT 
was found to be signifi cantly better at detecting 
ERMs as compared with TD-OCT (Folgar et al. 
 2012 ). Interestingly, a clear benefi t of SD-OCT 
over TD-OCT was not observed in the analysis of 
VMA or FTMHs. 

 There is a wide range of pathology from 
ERMs that can be visualized by SD-OCT 
(Figs.  19.4  and  19.5 ). A thin ERM may cause 
minimal alteration of the underlying retinal archi-
tecture with only a slight change in the foveal 
contour. However, ERMs can also result in a 
complete loss of the foveal contour with cystoid 
intraretinal fl uid and marked thickening of the 
retina. More subtle fi ndings on SD-OCT can 

a

b

c

  Fig. 19.3    Progression of vitreomacular traction to full- 
thickness macular hole. ( a ) Focal VMT on presentation 
with anteriorly directed vitreous traction causing intrareti-
nal cyst formation in an asymptomatic eye with visual 
acuity of 20/25. ( b ) Focal VMT 6 months later with per-
sistent anteriorly directed vitreous traction and intraretinal 
cysts in an eye with minimal symptoms and visual acuity 
of 20/40. ( c ) Focal VMT 12 months after presentation 
with small full-thickness macular hole in a symptomatic 
eye with visual acuity of 20/70 (Unless stated otherwise 
all SD-OCT images acquired with by Cirrus SD-OCT, 
Carl Zeiss Meditec, Inc., Dublin, CA)       
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include hypo-refl ective cystic spaces visualized 
between the ERM and the internal limiting mem-
branes (ILM).

    The thickness of the ERM and degree of macu-
lar distortion and pseudocyst formation can help 
prognosticate the benefi t of vitrectomy with mem-
brane peel or prompt investigation of other causes 
for the patient’s symptoms. This is a frequently 
encountered situation in patients with concurrent 
epiretinal membranes and cataracts. The SD-OCT 
fi ndings may be useful to inform whether the 
visual symptoms are primarily due to the cataract, 
the epiretinal membrane, or both and inform the 
management accordingly. The appearance of the 
bands corresponding to the photoreceptors in the 
outer retina (variably defi ned as the inner seg-
ment/outer segment (IS/OS) junction or the ellip-
soid layer) is particularly useful to prognosticate 
visual acuity in patients undergoing vitrectomy 
with membrane peel or in the eyes with spontane-
ous release of epiretinal membranes (Inoue et al. 
 2011 ; Suh et al.  2009 ; Yang et al.  2014 ). Other 
studies have correlated edema of the inner nuclear 
layer (INL) on SD-OCT in the eyes with epireti-

nal membranes and metamorphopsia (Watanabe 
et al.  2009 ). These fi ndings may be useful to the 
retina surgeon in determining who may benefi t 
from removal of epiretinal membranes and in the 
preoperative counseling of patients.  

19.6     Macular Pseudohole 

 Macular pseudohole is a clinical diagnosis made 
at the slit lamp with a contact or a noncontact 
lens. It is a clinical descriptive term for a fi nding 
that appears to be a full-thickness retinal defect, 
but subsequent OCT proves that the outer retina 
is intact. Clinically, what is most often seen is a 
discrete, reddish, round, or oval lesion in the 
fovea simulating the appearance of a full- 
thickness macular hole (Haouchine et al.  2004 ). 
OCT with multiple foveal line scans is critical to 
differentiate between a true full-thickness macu-
lar hole and a pseudohole. On OCT, the pseudo-
hole has no loss of foveal tissue and central foveal 
thickness is normal or slightly thin (Haouchine 
et al.  2004 ). The IVTS further defi ned a macular 

a b

c d

  Fig. 19.4    Range of pathology of epiretinal membrane. 
( a ) Trace ERM with slight distortion of the foveal archi-
tecture in a minimally symptomatic eye with vision of 
20/40. ( b ) ERM with nonrefl ective pockets between the 
ERM and the internal limiting membrane ( arrows ) in the 
parafoveal macula in a minimally symptomatic eye with 
vision of 20/25. ( c ) ERM with loss of foveal contour and 

intraretinal cysts ( arrow ) in a symptomatic eye with vision 
of 20/100. ( d ) ERM in a patient with a history of macula 
involving retinal detachment repair with counting fi ngers 
vision.  Arrow  indicates elevation of ERM that could be 
used to initiate surgical membrane peel (Unless stated 
otherwise all SD-OCT images acquired with by Cirrus 
SD-OCT, Carl Zeiss Meditec, Inc., Dublin, CA)       
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pseudohole based on four OCT characteristics 
(Duker et al.  2013 ):

    1.    Invaginated or heaped foveal edges   
   2.    Concomitant ERM with central opening   
   3.    Steep macular contour to the central fovea 

with near-normal central foveal thickness   
   4.    No loss of retinal tissue    

  Based on the observations from biomicro-
scopic examination and OCT, an ERM is thought 
to be causative with contraction pulling the 
underlying retinal tissue toward the center of the 
fovea. This process results in invagination of the 
perifoveal retina into a shape that resembles a 
hole with no loss of tissue. Most patients with 
pseudohole are minimally symptomatic and can 

a

b

c

d

  Fig. 19.5    Vision improvement after ocriplasmin injection 
for vitreomacular traction. ( a ) On presentation, there is vit-
reomacular traction (VMT) with distortion of the foveal 
contour with cystic changes in the inner and outer retina in 
an eye with visual acuity of 20/60. A 2× magnifi ed area of 
the nasal macula shows an intact ellipsoid layer. ( b ) The 
day following treatment, the VMT has released and there 
is a decrease in the cystic changes in the inner retina. The 
vision decreased to 20/200. A 2× magnifi ed area in the 
nasal macula shows a near disappearance of the ellipsoid 
layer. ( c ) Two months after treatment, there is resolution of 
the VMT and cystic changes in the retina with an improve-
ment in the continuity of the IS/OS junction. Vision 

improved to 20/50 at this exam. A 2× magnifi ed area of the 
nasal macula shows improvement in the IS/OS (ellipsoid) 
layer; however, it remains irregular ( arrow ). ( d ) Four 
months after treatment, there is persistent discontinuity of 
the IS/OS junction (ellipsoid) line. Vision improved to 
20/40 at this visit. A 2× magnifi ed area of the nasal macula 
shows this more clearly ( arrow ) (Adapted with permission 
from Tibbetts et al.  2014  (Images  a – c  acquired by 
Heidelberg Spectralis SD-OCT, Heidelberg Engineering, 
Heidelberg, Germany and image D acquired by Cirrus 
SD-OCT, Carl Zeiss Meditec, Inc., Dublin, CA). (Unless 
stated otherwise all SD-OCT images acquired with by 
Cirrus SD-OCT, Carl Zeiss Meditec, Inc., Dublin, CA))       
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be observed. If the associated ERM causes a 
decrease in vision, the ERM can be removed by 
surgical membrane peel.  

19.7     OCT-Guided Surgical 
Management 
of Vitreomacular Interface 
Disease 

 OCT is now considered the gold standard for 
the preoperative and postoperative manage-
ment of the diseases of the VMI (Goldberg 
et al.  2014 ). OCT is necessary for an accurate 
diagnosis and guides preoperative decision-
making and surgical planning. In one study, six 
vitreoretinal specialists examined patients with 
slit lamp biomicroscopy to diagnose ERM or 
VMT and determine whether surgery was indi-
cated (Do et al.  2006 ). The clinical fi ndings 
were then compared to the results of time 
domain (TD) OCT. The TD-OCT was more 
sensitive than the clinical exam, particularly 
for VMT. The higher resolution of SD-OCT 
further enhances the clinician’s ability to make 
an accurate diagnosis and manage the patient 
accordingly. SD-OCT is helpful to guide the 
management of VMT. The size of the vitreous 
adhesion can inform the patient’s prognosis 
with vitrectomy to relieve macular traction. In 
one study, the eyes with focal VMT had a sig-
nifi cantly greater improvement in vision with 
vitrectomy compared with the eyes with broad 
VMT (Sonmez et al.  2008 ). The anatomical 
distortion of the retina can also inform the 
patient’s prognosis. In another study of patients 
undergoing vitrectomy for VMT, a lamellar 
separation between the inner and outer fovea 
was not associated with a signifi cant improve-
ment in vision, whereas cystoid macular edema 
and perifoveal traction were associated with 
improved vision (Witkin et al.  2010 ). 

 SD-OCT is also helpful to determine the 
thickness and extent of an ERM to inform surgi-
cal planning and predict the diffi culty of ERM 
removal (Kim et al.  2012 ). Surgical diffi culty of 
ERM removal is strongly associated with more 
extensive adherence as observed on SD-OCT 

(Kim et al.  2012 ). SD-OCT fi ndings may also 
inform the surgeon’s decision to peel the ILM 
(Chang et al.  2013 ; Seidel et al.  2013 ). In one 
study, the greater extent of ERM elevation above 
the retina and thickness was predictive of ILM 
persistence after ERM peel (Seidel et al.  2013 ). 
Only peeling the ERM (and not ILM) results in a 
greater proportion of the eyes with residual ERM, 
yet one study revealed no differences in postop-
erative visual acuity between single and double 
peeling (Chang et al.  2013 ). SD-OCT can also 
guide the surgeon as to where to initiate the mem-
brane peel based on the elevation above the ret-
ina, thickness, and the presence of an identifi able 
edge (Hirano et al.  2010 ; Kim et al.  2012 ). These 
insights may make the surgery easier and poten-
tially reduce operating times. Retinal surface EN 
FACE OCT holds promise to further guide surgi-
cal planning of ERM by determining morpho-
logical changes on the retinal surface and areas 
devoid of ILM secondary to ERM contraction 
(Rispoli et al.  2012 ). 

 SD-OCT is also helpful to inform the 
patient’s prognosis with ERM peeling. Multiple 
studies of the eyes with ERM have demonstrated 
that the preoperative integrity of the IS/OS junc-
tion band on OCT helps prognosticate postop-
erative visual acuity (Falkner-Radler et al.  2010 ; 
Inoue et al.  2011 ; Suh et al.  2009 ). In the eyes 
with a disrupted IS/OS prior to surgery, none 
had a normal appearing IS/OS junction on 
SD-OCT after indocyanine green (ICG)-assisted 
internal limited membrane (ILM) peeling when 
followed up to 1 year postoperatively (Inoue 
et al.  2011 ). There was no correlation between 
preoperative central foveal thickness, presence 
of a macular  pseudohole, and presence of retinal 
cysts with the postoperative visual acuity (Inoue 
et al.  2011 ). 

 Postoperative SD-OCT can also provide 
insights on the outcome of surgery. In particular, 
SD-OCT may be helpful in evaluating poor visual 
outcomes that may be attributable to subretinal or 
intraretinal fl uid, disruptions to the RPE or pho-
toreceptors, or recurrence of the ERM. These 
fi ndings may guide treatment of postoperative 
cystoid macular edema or help determine if 
repeat surgery is indicated.  
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19.8     OCT-Guided Management 
of Vitreoretinal Interface 
Disease with Pharmacologic 
Vitreolysis 

 The approval of ocriplasmin (Jetrea, 
ThromboGenics, Iselin, New Jersey) for “symp-
tomatic vitreomacular adhesion” in October 2012 
opened a new era in the management of vitreo-
retinal interface disease (FDA  2012 ). Ocriplasmin 
is a recombinant protease with activity against 
components of the vitreoretinal interface includ-
ing fi bronectin and laminin. In phase III, MIVI- 
TRUST studies, 652 eyes were randomized with 
464 receiving 125 μg of ocriplasmin by intravit-
real injection and 188 receiving a placebo injec-
tion of saline (Stalmans et al.  2012 ). VMA 
resolved in 26.5 % of ocriplasmin-injected eyes 
compared to 10.1 % of placebo-injected eyes at 
28 days after injection. This primary endpoint 
was determined by TD-OCT. Therefore, ocri-
plasmin is the fi rst drug to be approved by the 
FDA based on an OCT analysis rather than a 
visual acuity or other functional outcome. 
Additional fi ndings from the original trials 
included higher rate of closure of macular holes 
(40.6 % of ocriplasmin-injected eyes versus 
10.6 % of placebo-injected eyes) and a higher 
percentage of patients with three lines of visual 
acuity gains (12.3 % of eyes injected with ocri-
plasmin versus 6.4 % of eyes injected with pla-
cebo). SD-OCT is critical to determine the ideal 
candidates for pharmacologic vitreolysis. In 
phase III trials, a higher rate of VMA resolution 
was found in patients without epiretinal mem-
branes (37.4 % in the ocriplasmin group as com-
pared with 14.3 % in the placebo group). Of 
patients with epiretinal membrane, VMA resolu-
tion occurred in just 8.7 % with ocriplasmin com-
pared with 1.5 % with placebo. These data 
suggest that the proteolytic action of ocriplasmin 
is not as effective in the presence of ERMs. The 
careful examination of the OCT to determine if 
an ERM is present can inform the clinician ’ s 
choice of optimal therapy. 

 The clinical trials also demonstrated that pha-
kic eyes had a higher rate of VMA resolution as 
compared to pseudophakic patients after treat-

ment with ocriplasmin (34.2 % of phakic eyes 
compared to 13.4 % of pseudophakic eyes). This 
fi nding supports previous observations that cata-
ract surgery with or without subsequent posterior 
capsulotomy often induces PVD (Mirshahi et al. 
 2009 ; Sheard et al.  2003 ). The pseudophakic eyes 
with persistent VMA were likely to have a tighter 
vitreoretinal adhesion and therefore less likely to 
respond to enzymatic vitreolysis. 

 The predictor criteria for a higher rate of suc-
cess based on the MIVI-TRUST and subsequent 
studies can be summarized as follows (Singh 
et al.  2014 ; Stalmans et al.  2012 ):

•    No ERM at baseline  
•   VMA diameter <1500 μm  
•   Phakic lens status  
•   Age younger than 65    

 SD-OCT has also been helpful to explain 
patient’s symptoms post-ocriplasmin. In phase 
III trials, 68.4 % of patients in the ocriplasmin 
group and 53.5 % of patients in the placebo group 
had ocular adverse events (Stalmans et al.  2012 ). 
These events primarily included vitreous fl oaters 
and photopsia, but 5.4 % of patients reported 
visual impairment compared to 1.6 % with pla-
cebo. In addition, the Jetrea package insert notes 
that 2 % of patients reported yellowing of their 
vision (dyschromatopsia) with half of these 
patients also having a decrease of a- and b-wave 
amplitudes on ERG (Jetrea 2012). Since clinical 
use of ocriplasmin began in 2013, multiple 
reports have documented patient’s complaints of 
dyschromatopsia and nyctalopia (Fahim et al. 
 2014 ; Freund et al.  2013 ; Tibbetts et al.  2014 ). 
These symptoms have been correlated with the 
loss of the photoreceptor bands (IS/OS or ellip-
soid layer) throughout the retina on 
SD-OCT. Given that the phase III MIVI-TRUST 
studies were performed with lower-resolution 
TD-OCT, it is likely that these fi ndings were not 
observed. The case reports have also demon-
strated suppression of electroretinography (ERG) 
amplitudes with rod greater than cone dysfunc-
tion up to 4 months after treatment, as well as 
pupillary abnormalities and visual fi eld constric-
tion (Fahim et al.  2014 ; Tibbetts et al.  2014 ). 
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 Given that ocriplasmin is a protease, a pro-
posed mechanism for these panretinal changes is 
enzymatic cleavage of intraretinal laminin 
(Fahim et al.  2014 ). Laminin is present in the 
interphotoreceptor matrix, and therefore cleavage 
of laminin may explain the disruption in the IS/
OS band visualized on SD-OCT (Libby et al. 
 2000 ). This theory is supported by animal stud-
ies, which demonstrate an effect of ocriplasmin 
on fi bronectin and laminin in the outer retina 
(Chen et al.  2009 ). Interestingly, the loss of the 
IS/OS has been correlated with a higher rate of 
VMA release. In one small study, 75 % of 
responders (6 of 8 patients) demonstrated loss of 
the IS/OS band on SD-OCT as compared to only 
11 % of nonresponders (1 of 9 patients) (Singh 
et al.  2014 ). The IS/OS changes were transient 
with an average resolution by 29 days, but the 
long-term effect on retinal function is unknown. 
In planned phase IV post-marketing studies, 
SD-OCT should provide further insights into the 
effects of ocriplasmin on the retina. 

   Conclusion 

 SD-OCT has revolutionized the understanding 
of vitreoretinal interface anatomy and disease. 
The IVTS has provided a framework to accu-
rately identify, describe, and distinguish normal 
anatomical progression of a PVD and VMA 
from diseases of the VMI including VMT, 
ERM, and FTMH. SD-OCT is now essential to 
the preoperative evaluation of these diseases 
both to confi rm the diagnosis and direct the 
most appropriate management. The insights 
from SD-OCT guide the choice of observation, 
pharmacologic vitreolysis, or vitrectomy with 
membrane peel to achieve the best outcomes for 
patients. Future advances in OCT technology 
including swept source OCT, en face imaging, 
and intraoperative OCT will further enhance the 
understanding of the VMI in the years ahead.      
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20.1         Introduction 

 Macular hole (MH) is a round full-thickness 
opening in the foveal center. Idiopathic MH, i.e., 
due to abnormal vitreofoveal traction, is the 
most common presentation. The role of the vitre-
ous cortex in the pathogenesis of MH has begun 
to be better understood with the biomicroscopic 
observations of JDM Gass (Gass  1988 ). The 
advent of optical coherence tomography (OCT), 
which showed the partially detached posterior 
hyaloid (PH), has clarifi ed the understanding of 
MH formation. Spectral domain OCT (SD-OCT) 
has subsequently provided more detailed views 
of the initial foveal changes induced by the vit-
reofoveal traction. MH classifi cation has been 
recently simplifi ed and combines the hole diam-
eter and the presence or absence of a residual 
vitreous traction on its edge (Duker et al.  2013 ). 
The terminology used in this chapter to describe 
OCT images complies with the lexicon proposed 
by the international OCT consensus (Staurenghi 
et al.  2014 ).  

20.2     Impending Macular Hole 
and Vitreomacular Traction 
in the Fellow Eye 

 When the vitreous is completely attached to the 
retina at the posterior pole, the posterior vitreous 
cortex is barely visible, but the presence of a 
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premacular vitreous pocket indicates that the pos-
terior vitreous cortex is still attached to the macula 
(Pang et al.  2014 ; Schaal et al.  2014 ) (Fig.  20.1 ).

   The initial stage of impending MH is usually 
visible when it occurs in a patient with an MH in 
the other eye. The symptoms are mild or absent, 
and the impending MH can only be detected by 
OCT of the fellow eye. When early signs of vit-
reomacular traction (VMT) are diagnosed in an 
eye without anomaly, there are no specifi c signs 
in the other eye indicating that the evolution will 
turn to an MH rather than to a more advanced 
VMT without hole. The vitreous cortex normally 
starts to detach from the surface of the macula in 
the fi fth decade of life, and this process progres-
sively progresses with age (Johnson  2010 ,  2012 ; 
Ma et al.  2014 ; Uchino et al.  2001 ) (Fig.  20.2 ).

   Impending MHs have been described by Gass 
( 1995 ) and classifi ed into two stages (1A and B) 
based on biomicroscopy fi ndings. The role of the 
perifoveal vitreous separation as well as the for-
mation of intrafoveal cysts have subsequently 
been identifi ed by time domain OCT (TD-OCT) 
(Gaudric et al.  1999 ; Haouchine et al.  2001 ). 

 SD-OCT has shown various degrees of foveal 
surface alterations more or less combined with 

microstructural intrafoveal changes, which con-
stitute the spectrum of impending MHs, and the 
Gass classifi cation is no longer useful. The earli-
est signs of vitreofoveal traction observed in a 
fellow eye of MH are minute changes in the cur-
vature of the foveal pit. These anomalies could be 
only a part of the normal process of age-related 
vitreomacular detachment but have a special sig-
nifi cance in the context of an MH in the other eye 
(Ma et al.  2014 ) (Fig.  20.3 ).

   More frequently, surface anomalies are asso-
ciated with various degrees of foveal microstruc-
tural changes. They may be a simple discrete 
elevation of the ellipsoid zone (EZ), a change in 
the refl ectivity of the foveal center, an inner 
foveal cyst, a central split in the fovea, an outer 
foveal cavitation, or a combination thereof 
(Takahashi et al.  2011a ,  b ). Moreover, these 
anomalies may evolve overtime (Fig.  20.4 ). It is 
also of note that some anomalies are very small 
and may be present on only one B-scan even 
when tight rasters are used (Fig.  20.5 ).

    When the foveal fl oor is elevated due to the 
traction exerted by the posterior hyaloid on its 
center, a foveal cyst may occur (Gaudric et al. 
 1999 ; Haouchine et al.  2001 ). The retinal outer 

a

b

  Fig. 20.1    Normal posterior vitreous in the normal eye of 
a 30-year old woman. Horizontal 12-mm B-scan. ( a ) The 
vitreous cortex is completely attached to the retinal sur-
face of the posterior pole but is only visible on the margin 
of the macula ( yellow arrows ). The bursa premacularis 

( asterisk ) is an optically empty space over the macula. Its 
anterior wall is well visible ( red arrow ). The wall of 
Cloquet’s canal ( large arrows ) is in connection with the 
vitreous cortex. ( b ) Detail showing the progressive thin-
ning of the vitreous cortex on the edge of the fovea       
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layers may be intact (Haouchine et al.  2001 ; 
Takahashi et al.  2011b ). However, SD-OCT has 
shown that, more frequently than previously 
thought, the photoreceptor IS/OS layer may be 
elevated or even disrupted at the foveal center. 

The yellow spot visible on fundus examination, 
which may be associated with the inner foveal 
cyst, is probably due to the foveolar detachment 
of the cone outer segments (Takahashi et al. 
 2011a ) (Figs.  20.6  and  20.7 ).

  Fig. 20.2    Uncomplicated natural history of a posterior 
vitreous detachment (PVD) in a fellow eye of a macular 
hole. ( a ) May 2010, partial detachment of the posterior 
vitreous cortex in temporal of the macula ( arrow ). The 
presence of the premacular bursa ( asterisk ) in front of the 
macula shows that the vitreous still adheres to the macular 
surface. ( b ) April 2011, the posterior vitreous cortex is 

now detached all around the foveal center and only 
adheres at the foveal pit. ( c ) June 2011, the posterior vitre-
ous cortex is now completely detached from the posterior 
pole but not from the optic disc (OD) ( blue arrow ). There 
is a condensation in the plane of the detached vitreous cor-
tex ( large arrow ) probably due to an avulsion of the foveal 
surface; the foveal pit is slightly irregular ( red arrow )       

  Fig. 20.3    Asymptomatic perifoveal posterior vitreous 
detachment in the fellow eye of a macular hole. ( a ) Horizontal 
B-scan showing the adherence of the posterior hyaloid to the 
foveal center without change in its curvature. Note an adher-
ence between the posterior hyaloid and the retinal surface 

near the optic disc ( arrow ). ( b ) Vertical B-scan showing a 
discrete focal elevation of the foveal curvature ( arrow ) at the 
attachment point of the posterior hyaloid below the foveal 
center. The posterior hyaloid adheres more widely to the 
upper part of the macular surface ( arrowheads )       
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  Fig. 20.4    Various degrees of tractional anomalies in the 
fovea of fellow eyes of macular holes. ( a ) Discrete eleva-
tion and irregularity of the foveal fl oor ( black arrow ) at 
the junction with the partially detached posterior hyaloid 
(PH). Note the slight elevation of the ellipsoid and inter-
digitation zones at the foveal center ( arrowhead ). ( b ) 
More marked foveal fl oor elevation ( arrows ) due to the 

traction of the posterior hyaloid (PH). The elevation of the 
central photoreceptors, ellipsoid, and interdigitation zones 
is more marked ( arrowhead ). ( c ) In addition to the eleva-
tion of the foveal fl oor by traction of the posterior hyaloid 
(PH) and elevation of the central photoreceptors ( arrow-
head ), there are also small cystic spaces in the inner part 
of the fovea       

  Fig. 20.5    Vitreomacular traction and spontaneous resolu-
tion (raster of 5 B-scans spaced by 75 μm). ( a ) Shallow poste-
rior hyaloid (PH) detachment with discrete elevation of the 
foveal fl oor ( arrow ). ( b ) On the adjacent B-scan distant from 

75 μm, there is a narrow full-thickness micro- hole ( large 
arrow ), visible only on this B-scan. ( c ) Three months later, the 
posterior hyaloid (PH) is detached from the macula and con-
tains an operculum ( arrow ). The micro-hole is now closed       
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  Fig. 20.6    Three different cases of vitreomacular traction 
with inner foveal cysts, in fellow eyes of macular holes. 
( a ) Vitreomacular traction on the foveal center resulting in 
the formation of an inner foveal cyst. The outer retina is 
intact. ( b ) The inner foveal cyst is larger than in ( a ), but 

the outer retina is also intact. ( c ) Voluminous tractional 
cystoid spaces in the inner part of the fovea. There is a 
defect in the ellipsoid line ( black arrow ) which seems in 
continuity with the posterior hyaloid (PH) and the septa 
separating cystoid spaces ( large arrow )       

  Fig. 20.7    Vitreomacular traction with inner foveal cystic 
spaces and central alteration of the interdigitation zone. 
( a ) Horizontal 9-mm B-scan showing the traction of the 
posterior hyaloid (PH) on the roof of the foveal cystic 
spaces. ( b ) Three dimensional reconstructions showing 
the focal adhesion of the posterior hyaloid to the cystic 

foveal center. ( c ) En-face OCT showing the radial distri-
bution of the foveal cystoid spaces. ( d ) Detail of the 
B-scan showing a small interruption of the continuity of 
the interdigitation zone; the ellipsoid zone is intact. ( e ) 
One year later, normalization of the macular profi le after 
spontaneous release of the vitreomacular traction       
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    Inner foveolar cysts may also communicate 
with an outer retinal cavitation forming an 
“occult” MH (Gass  1995 ). The retinal layers are 
disrupted in the whole thickness of the fovea 
except at a very superfi cial layer containing the 
inner limiting membrane (ILM) on which the pos-
terior hyaloid is still attached (Gaudric et al.  1999 ; 
Haouchine et al.  2001 ; Michalewski et al.  2011 ; 
Takahashi et al.  2011a ,  b ). In this regard, some 
impending MHs (former stage 1B) are true occult 
MHs. At any stage of impending MH, a complete 
resolution is possible if the VMT decreases or 
spontaneously releases (Figs.  20.8  and  20.9 ).

    However, there is a signifi cant risk of evolu-
tion toward a full-thickness macular hole 
(FTMH). There are few data on the risk of MH in 
a fellow eye when a VMT is associated or not 
with structural intrafoveal anomalies. According 

to recent publications, the risk could range 
between 30 and 50 % (Kumagai et al.  2011 ; 
Takahashi et al.  2011b ) (Fig.  20.10 ).

20.3        Full-Thickness Macular Holes 

 The recent international classifi cation (Duker 
et al.  2013 ) proposes to differentiate MHs accord-
ing to the presence of a vitreomacular adhesion 
and the hole diameter (Table  20.1 ).

20.3.1       Macular Hole with Persistent 
Vitreous Traction 

 MH with persistent vitreous traction includes 
what has been called stage 2 MH. Stage 2 MH has 

  Fig. 20.8    Vitreomacular 
traction with outer retinal 
break in a fellow eye of a 
macular hole. ( a ) Fundus 
color photo showing a 
yellow spot in the foveal 
center. ( b ) Red-free 
photograph on which  green 
lines 1 and 2  refer to the 
two B-scans displayed in c 
and d and separated by 
75 μm. ( c ) B-scan 1 mainly 
shows a voluminous inner 
foveal cyst and an outer 
retina which seem intact. 
( d ) B-scan 2 shows that in 
fact there is a central break 
in the outer retina       
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been described as an eccentric oval, crescent, or 
horseshoe-shaped retinal defect inside the edge of 
the yellow ring and a diameter of less than 400 μm 
(Johnson and Gass  1988 ; Gass  1995 ). OCT has 
subsequently shown that the incompletely 
detached operculum is pulled in an oblique direc-
tion by the traction of the posterior hyaloid 
(Gaudric et al.  1999 ; Hee et al.  1995 ) (Fig.  20.11 ).

   Moreover, recent observations by Takahashi 
et al. ( 2010 ,  2011a ,  b ) have shown that the neuro-
nal elements formed a constitutive part of the 
operculum at least in some cases (Fig.  20.12 ). 
This observation corroborates the histological 
fi ndings of Ezra, who has shown the presence of 
cone components in two-thirds of the opercula he 
examined (Ezra et al.  2001 ) (Fig.  20.13 ).

    Small MHs may close spontaneously when the 
VMT spontaneously releases, but this event is rare 
(Privat et al.  2007 ). OCT shows that MH with per-

sistent vitreous traction may present various pro-
fi les and a large range of diameters from the extra 
small break to a large foveal opening greater than 
400 μm, although small holes are the majority.  

20.3.2     Macular Hole with Released 
Vitreous Traction 

 According to international classifi cation 
(Duker et al.  2013 ), this category includes all 
the cases in which the posterior hyaloid is 
detached from the hole edge regardless of 
whether the vitreous is also detached or not 
from the optic disc. In the Gass defi nition, 
stage 3 MH was a central round retinal defect 
with a diameter greater than 400 μm, a rim of 
elevated retina, with or without prefoveolar 
pseudo-operculum, and without a Weiss ring. 

  Fig. 20.9    Worsening and spontaneous resolution of an 
impending macular hole. ( a ) Vitreomacular traction with 
small elevation of the foveal fl oor ( black arrow ). The 
interdigitation and ellipsoid zones are slightly elevated or 
focally disrupted ( large arrow ). ( b ) Six months later, for-
mation of an inner foveal cyst whose roof is disrupted 
( black arrow ) by the posterior hyaloid traction. Elevation 

of the foveal photoreceptors with disruption of the ellip-
soid zone ( large arrow ). ( c ) Six months later, spontaneous 
release of the vitreous traction with avulsion of an opercu-
lum ( black arrow ). Reattachment of the central photore-
ceptors but the continuity of the ellipsoid zone is not yet 
complete ( large arrow )       
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The presence of a Weiss ring defi ned the stage 
4. Subsequently, OCT has shown that even 
when the vitreous was not detached from the 

optic disc, it could be completely detached 
from the retinal surface over the posterior pole 
and not connected to the hole edge. 

20.3.2.1     Diameter of the Macular 
Hole and Vitreomacular 
Status 

 Moreover, the precise measurement of the hole 
diameter on OCT scans has shown that the size of 
MH with and without VMT varies greatly. 
Although the diameter of stage 2 MHs generally 
tends to be smaller than that of stage 3 MHs; 
large stage 2 and small stage 3 MHs are in fact 
not uncommon (Privat et al.  2007 ; Takahashi 
et al.  2011b ). 

 In a recent study conducted on 100 consecu-
tive idiopathic full-thickness macular holes 

  Fig. 20.10    Evolution of a vitreomacular traction toward 
a full-thickness macular hole. ( a ) Vitreomacular traction 
with focal elevation of the foveal fl oor and microcystic 
space ( black arrow ), elevation of the central photorecep-
tors ( large arrow ) and vertical hyperrefl ective line ( arrow 
head ). ( b ) Four months later, worsening of the vitreomac-

ular traction with elevation of the foveal fl oor ( black 
arrow ) which forms the roof of a large foveal cyst. 
Breakdown of the photoreceptor layer ( large arrow ). This 
case can be considered as an “occult” macular hole. ( c ) 
Three months later, the vitreous has detached, but a full- 
thickness macular hole is present       

   Table 20.1    Comparison of the classifi cation commonly 
used for macular holes, adapted from Gass classifi cation, 
with the international VMT study classifi cation   

 Classifi cation commonly 
used for full-thickness MH  International VMT study 

 Stage 2: small hole  Small or medium FTMH 
with VMT 

 Stage 3: large hole  Medium or large FTMH 
with VMT 

 Stage 4: FTMH with PVD  Small, medium, or large 
FTMH without VMT 

  Adapted from Duker et al. ( 2013 ) 
  FTMH  full-thickness macular hole,  VMT  vitreomacular 
traction,  PVD  posterior vitreous detachment  
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(FTMH), we have found that the mean preopera-
tive hole diameter was not signifi cantly different 
according to the presence or absence of a VMT: 
339 ± 134 μm in eyes with VMT and 423 ± 191 μm 
in eyes without VMT ( p  = 0.057). Only 13 % of 
cases had a diameter of 400 μm or less, and 6 % 
had a diameter of 250 μm or less (Philippakis  
 2015 ) (Fig.  20.14 ).

20.3.2.2        Method for Measuring 
Macular Hole Diameter 

 The aperture size is measured using the caliper 
function on SD-OCT devices. The minimum hole 
width is measured at the narrowest hole point in 
the mid-retina, using the OCT caliper function, 
as a line parallel to the retinal pigment epithelium 
(RPE) (Duker et al.  2013 ). Empirically, it corre-
sponds to a line drawn between the terminations 
of the detached photoreceptor outer segments. 
Other methods have also been studied (Wakely 
et al.  2012 ; Xu et al.  2013 ), but the minimum 

hole width tends to be a standard. The accurate 
measurement of the MH size has several practical 
consequences. MHs of 250 μm or less have a 
likelihood of about 50 % to be closed by intravit-
real ocriplasmin injection (Stalmans et al.  2012 ). 
MHs of 400 μm or less have an increased 
 likelihood to be closed surgically than larger ones 
(Ip et al.  2002 ; Tadayoni et al.  2006 ). ILM peel-
ing could be only needed in MH larger than 
400 μm (Chang  2012 ; Tadayoni et al.  2006 ,  2009 ) 
(Fig.  20.15 ).

20.4          Macular Hole and Epiretinal 
Membrane 

 A noncontractile epiretinal membrane (ERM) may 
cover the macular surface around the hole. It is 
especially well visualized on blue refl ectance pho-
tographs (Blain et al.  1998 ). The frequency of the 
formation of an ERM increases with the stage, 

a

b c

d

  Fig. 20.11    Large full-thickness macular hole with vit-
reomacular traction. ( a ) Montage of horizontal B-scans 
showing the traction of the posterior hyaloid (PH) on the 
operculum ( arrow ) of the macular hole. The vitreous is 
still attached to the optic disc (OD). The bursa premacu-
laris ( asterisk ) is elevated with partial detachment of the 
vitreous. ( b ) Three-dimensional OCT showing the adher-
ence of the vitreous on the operculum. ( c ) Horizontal 

B-scan showing the operculum still attached to the edge of 
the hole ( arrow ). The diameter of the hole on this B-scan 
is 495 μm. ( d ) Horizontal B-scan, distant of 75 μm from 
the scan in c. The posterior hyaloid (PH) seems detached 
from the retina. However, the shape of double arc con-
verging toward the fovea does not fi t with a PH com-
pletely detached from the macular surface. The diameter 
of the hole on this B-scan is 488 μm       
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duration, and size of the hole (Blain et al.  1998 ; 
Cheng et al.  2000 ,  2002 ). However, this does not 
affect the surgical prognosis once the membrane 
has been peeled off during surgery (Fig.  20.16 ).

20.5        Differential Diagnosis 

 Differentiating a full-thickness MH from other 
roundish anomalies of the fovea is no longer a 
problem since the advent of OCT, which clearly 
shows the characteristic profi les of lamellar MHs 
and macular pseudoholes. However, foveal cysts 
of various origins as well as micro-holes may be 
more diffi cult to differentiate from idiopathic 
FTMH. 

20.5.1     Lamellar Macular Hole 

 The term of lamellar macular hole (LMH) has 
been coined by Gass in 1975 to characterize a 
macular lesion resulting from the opening of 

the central cyst of a cystoid macular edema. 
The term lamellar hole has been used to 
describe both the end stage of a cystoid macular 
edema (Frangieh et al.  1981 ) and the aborted 
process of formation of a MH (Haouchine et al. 
 2001 ,  2004 ). 

 Lamellar MHs, i.e., defects in the inner fovea 
due to the avulsion of the roof of a foveal cyst 
(either tractional or due to a cystoid macular 
edema), are characterized on OCT by an irregu-
lar thinning of the foveal fl oor, a cleavage 
between the inner and outer retina at the lamel-
lar hole edge and the absence of a contractile 
ERM (Haouchine et al.  2004 ) (Figs.  20.17  and 
 20.18 ).

    It is common that an epiretinal proliferation 
occurs at the surface of the retina, around the 
lamellar hole, well visible on SD-OCT on the 
ILM. On en-face OCT, this proliferation is amor-
phous, noncontractile and well differentiated 
from contractile ERMs, causing a macular thick-
ening (Compera et al.  2015 ; Gaudric et al.  2013 ; 
Pang et al.  2015 ).  

  Fig. 20.12    Full-thickness macular hole with vitreomacu-
lar traction. ( a ) Horizontal B-scan showing the vitreomac-
ular traction on the operculum attached to the hole edge. 
( b ) The vertical B-scan does not pass through the mar-
ginal opening of the operculum, and the case may be mis-
interpreted as an impending macular hole. ( c ) Detail of the 
scan above: the external limiting membrane (ELM) and 

the ellipsoid zone (EZ) are detached in the area of the 
hole. The photoreceptor outer segments are also detached 
( black arrow ) and elongated. Note also debris of photore-
ceptors at the posterior face of the operculum ( blue 
arrow ). Proliferation of the retinal pigment epithelium in 
the area of the hole ( large arrow )       
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20.5.2     Foveal Cysts of Various 
Origins 

 OCT and fl uorescein angiography facilitate the dif-
ferentiation of full-thickness MHs from foveal 
cysts occurring in pathologies other than MH, such 
as cystoid macular edema, X-linked retinoschisis, 
or foveal cysts of type 2 macular telangiectasia.   

20.6     Non-idiopathic Macular 
Holes 

20.6.1     High Myopia 

 The pathogenesis of high myopic MH may 
be different from that of non-myopic eyes 
because of anomalies associated with posterior 

  Fig. 20.13    Spontaneous closure of a small macular hole 
with vitreomacular traction. ( a ) Small macular hole 
(diameter of 133 μm) with vitreomacular traction on a 
small operculum. ( b ) Three months later, increase in the 
vitreous traction on the operculum. At the same time, a 
diaphragm closes the hole in its middle ( arrow ). ( c ) After 
5 months, the posterior hyaloid has detached from the 

macula with the operculum ( black arrow ), and the healing 
process has closed the hole, leaving only a small interrup-
tion in the ellipsoid zone ( large arrow ). ( d ) Two years 
later, remodeling of the fovea: there is no more defect in 
the ellipsoid zone. A discrete cleavage is present in the 
nasal edge of the fovea       
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staphyloma and because the vitreous cortex 
often remains adherent to the retinal surface. In 
general, the adherence of the posterior vitreous 
cortex to the retinal surface around the hole is 
wider than in idiopathic MHs, and MH staging 
cannot be exactly applied to high myopic MHs 
(Fig.  20.19 ).

   Myopic foveoschisis is an anteroposterior dis-
tension of the retina due to the combined effects 
of the progressive deepening of the staphyloma 
and the stiffness of the retinal surface due to 
changes in the adherent vitreous cortex (Ikuno 
et al.  2004 ; Spaide and Fisher  2005 ; Takano and 
Kishi  1999 ) (Figs.  20.20  and  20.21 ).

  Fig. 20.14    Variations in diameter of macular holes without vitreomacular traction. ( a ) Horizontal scan of a large 
macular hole (880 μm). ( b ) Horizontal scan of a small macular hole (75 μm)       

  Fig. 20.15    Accurate measurement of the macular hole 
diameter (aperture size). ( a ) Horizontal 9-mm B-scan 
showing a full-thickness macular hole without vitreomacu-
lar traction. ( b – d ) Horizontal 6-mm B-scan raster ( b ) and 
( c ) are spaced by 50 μm and ( c ) and ( d ) by 100 μm. The 
diameter of the hole aperture is measured at the narrowest 
hole point in the mid-retina using the OCT caliper as a line 

parallel to the retinal pigment epithelium. It corresponds to 
the end of the photoreceptor outer segments ( blue bar ). In 
this example, the size may vary from 308 to 392 μm 
depending on the location of the scan. Due to the instable 
fi xation of these eyes, a raster of several tight B-scans 
should be obtained. The largest value corresponds to the 
exact diameter of the hole aperture (macular hole size)       
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  Fig. 20.16    Epiretinal membrane associated with macu-
lar holes. ( a ) The epiretinal membrane is not visible on the 
fundus image ( left ) but is present on the OCT B-scan on 
the right ( arrow ). ( b ) The epiretinal membrane induces 

some stellar superfi cial folds on the en-face OCT image 
on the left ( arrow ) but is not visible on the horizontal OCT 
B-scan ( right )       

  Fig. 20.17    Lamellar macular hole after opening of a 
foveal cyst, in a fellow eye of full-thickness macular hole. 
( a ) Horizontal B-scan showing an operculum in the plane 
of the detached posterior hyaloid ( black arrow ). Cleavage 
between the inner and outer retinas on the edge of the 
fovea with persistence of septa between cystic formations 
( blue arrows ). ( b ) OCT map showing a near normal mac-

ular thickness. ( c ) En-face OCT with segmentation at the 
inner limiting membrane: no epiretinal membrane, no 
folds. Presence of a central round defect ( arrow ). ( d ) 
En-face OCT with segmentation at the inner nuclear layer: 
note the radial pattern of the cystic spaces around the cen-
tral defect       
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  Fig. 20.18    Lamellar macular hole with epiretinal prolif-
eration. ( a ) Cleavage between the inner and outer retinas 
on the edge of the fovea with persistence of septa between 
cystic formations ( blue arrows ). Epiretinal proliferation 
( black arrows ) on the inner limiting membrane (ILM). ( b ) 

OCT map showing a moderate irregular thickening of the 
macular area. ( c ) En-face OCT with segmentation at the 
macular surface: presence of a central round defect ( white 
arrow ) and abnormal refl ectivity of the epiretinal prolif-
eration without any retinal fold ( black arrows )       
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  Fig. 20.19    Macular hole with vitreomacular traction in a 
highly myopic eye. ( a ) Fundus color photo showing the 
myopic conus around the optic disc. ( b ) OCT map show-
ing the elevation of the macular edge. ( c ) OCT B-scan 
showing a small macular hole with a posterior hyaloid 

(PH) completely attached to the hole edge ( arrows ) but 
partly detached from the retinal surface of the posterior 
pole. ( d ) Three-dimensional OCT showing the surface of 
the traction ( arrows ) of the posterior hyaloid (PH) around 
the hole       

  Fig. 20.20    Small macular hole in a myopic foveoschisis. 
( a ) Fundus color photo showing an aspect of macular hole. 
( b ) Scanning laser ophthalmoscope image of the same fun-
dus with the direction of the B-scan in c ( green line ). ( c ) The 
B-scan shows that the aspect of macular hole seen on color 
photo is mainly due to a lamellar hole ( large arrow ) in a 

foveoschisis ( yellow arrows ). The posterior hyaloid (PH) 
(posterior vitreous cortex) is delaminated in a vitreoschisis 
( black arrows ) but still adherent to the retinal surface. ( d ) 
Direction of another B-scan ( green line ) just adjacent to that 
shown in (b). ( e ) This B-scan shows a photoreceptor disrup-
tion at the bottom of the lamellar macular hole ( arrow )       

    Some of these MHs occur after a progressive 
decrease in vision due to the worsening of foveo-
schisis (Gaucher et al.  2007 ; Shimada et al. 
 2008 ). Others may be asymptomatic and only 
revealed by OCT examination of the fundus 
(Coppe et al.  2005 ). In general, the occurrence of 
a foveal detachment (FD) and even more a break-
down in the photoreceptor layer associated with a 

myopic foveoschisis are at high risk of MH 
(Shimada et al.  2008 ).  

20.6.2     Posttraumatic Macular Holes 

 These MHs usually occur in children and young 
male adults as accidents at work or in the home 
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or during ball games (Atmaca and Yilmaz  1993 ; 
Shakin and Yannuzzi  1987 ). They are due to the 
sudden axial compression of the eye resulting in 
equatorial expansion and retinal rupture of the 
fovea. The hole may be combined with other fun-
dus lesions such as choroidal or the Bruch mem-
brane disruption, commotio retinae, sclopetaria, 
or peripheral breaks. The visual prognosis 
depends not only on the closure of the hole but 
also on the topography of the other lesions. If a 
choroidal disruption passes through the fovea or 
if the post-contusive RPE atrophy includes the 
foveal center, the visual prognosis will be poor. 
Unlike what occurs in idiopathic MH, the vitre-
ous is not detached at all from the posterior pole. 
Surgery is usually successful, but a traumatic MH 
may also sometimes close spontaneously within 
the fi rst weeks of its occurrence (Barreau et al. 
 1997 ; Kusaka et al.  1997 ; Parmar et al.  1999 ) 
(Fig.  20.22 ).

20.7         Surgery of Macular Holes 

20.7.1     Preoperative Optical 
Coherence Tomography 
During Macular Hole Surgery 

 Intraoperative OCT (iOCT) may provide new 
insights into the physiopathology of vitreomac-
ular diseases, by imaging some retinal micro-
structure alterations occurring during the 
surgical procedure. Indeed, the PIONEER 
Study has reported the feasibility and the poten-
tial usefulness of iOCT for surgical decision 
(Ehlers et al.  2014a ). Regarding MH surgery, 
iOCT has not shown signifi cant retinal thick-
ness changes during the procedure, including 
after ILM removal (Ray et al.  2011 ). MH clo-
sure has not been observed at the end of the sur-
gical procedure (Ehlers et al.  2014b ; Ray et al. 
 2011 ). 

  Fig. 20.21    Evolution of a myopic foveoschisis toward a 
macular hole. ( a ) Fundus color photo showing the charac-
teristic myopic tessellation. ( b ) OCT B-scan (Cirrus, 
Zeiss) showing the foveoschisis with a foveal detachment 
( arrow ). ( c ) OCT B-scan (Spectralis, Heidelberg), same 

day, showing a breakdown in the photoreceptor layer 
( black arrow ). Note that the posterior hyaloid is still 
attached to the retina, at least near the optic disc ( blue 
arrow ). ( d ) Full-thickness macular hole occurred 4 
months later       
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 Using iOCT, a new subfoveal hyporeflec-
tivity due to the expansion of the space 
between the IS/OS band and the RPE after 
ERM peeling has been described in MH and 
ERM and may be associated with visual acu-
ity (VA) recovery and MH closure (Ray et al. 
 2011 ) (Fig.  20.23 ).

20.7.2        Optical Coherence 
Tomography of Closed 
Macular Holes 

20.7.2.1     Macular Hole Closure 
After Surgery 

 Vitrectomy and gas tamponade associated or not 
with ILM peeling is the gold standard for the 
treatment of most MHs. Since the fi rst OCT 
examinations at the end of the 1990s, the under-

standing of the healing process of MH closure 
after surgery has considerably improved. Several 
reports have described hyporefl ective defects of 
the outer fovea in the early postoperative period 
following MH closure, named outer foveal 
defects, outer foveal cysts, foveal detachment, or 
foveal bridge depending on the authors (Bottoni 
 2011 ; Kang  2010 ; Takahashi  2000 ). These hypo-
refl ective defects of the outer fovea can be classi-
fi ed into two groups which can also be combined: 
disruptions of the EZ and foveal detachment 
(FD) characterized by the elevation of the photo-
receptor layers. 

 Foveal detachment should be distinguished 
from EZ disruptions, which are more frequent 
and can persist for more than 12 months after sur-
gery (Kawano  2011 ). The rate of persistent FD is 
variable in the literature, ranging from 10 to 40 % 
1 month after surgery (Bottoni  2011 ; Chang 

  Fig. 20.22    Posttraumatic macular hole due to tennis ball 
contusion, 3 weeks after the trauma. ( a ) Color fundus 
photograph showing a pale area of retinal pigment epithe-
lium atrophy in the superior part of the posterior pole. ( b ) 
Fundus autofl uorescence showing the severe hypoauto-
fl uorescence of the contusion area of the retinal pigment 
epithelium. ( c ) OCT macular map showing that the hypo-

autofl uorescence also corresponds to an area of retina 
atrophy ( deep blue ). The  green line  indicates the direction 
of the B-scan shown in (d). ( d ) Vertical B-scan (time 
domain OCT) showing a large macular hole. Note that the 
superior edge is less edematous than the inferior one; the 
outer retina becomes atrophic superior to the macular hole 
( arrows )       
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 2015 ; Kawano  2011 ; Sano  2009 ; Ko  2006 ; 
Wakabayashi  2010 ). 

 The hyporeflective defects of the outer 
fovea seem to occur mostly in small MH 
(Kang  2010 ; Kawano  2011 ; Rahman  2013 ). 
Kang et al. have assumed that the healing pro-
cess in large MHs was characterized by glial 
cell proliferation above the RPE with closure 
from the outer retina first, unlike small MHs 
which were characterized by an early closure 
from the inner retina first. Most FDs resolved 
6 months after surgery, and the final visual 
outcome of these hyporeflective defects was 
similar (Kawano  2011 ; Rahman  2013 ; Sano 
 2009 ) (Fig.  20.24 ).

20.7.2.2        Macular Hole Closure 
After Ocriplasmin Injection 

 Subretinal fl uid and outer retina changes seem 
to be a common fi nding after ocriplasmin 

injection and are more often seen in case of 
successful ocriplasmin treatment (Fahim et al. 
 2014 ; Quezada-Ruiz et al.  2015 ). FD occurring 
after intravitreal ocriplasmin may be due to a 
direct pharmacological effect of the enzyme on 
the outer retina (Johnson et al.  2015 ) 
(Fig.  20.25 ).

20.7.3         Inner Retina After Internal 
Limiting Membrane Peeling 

20.7.3.1     Dissociated Optic Nerve 
Fiber Layer 

 Peeling of the ILM is commonly used in MH sur-
gery to improve the closure rate at least in large 
MHs but more often in all types of MH. The abla-
tion of the ILM results in the dissociation of the 
optic nerve fi ber layer (DONFL) visible on blue 
refl ectance photographs (Tadayoni et al.  2001 ) 

  Fig. 20.23    Intraoperative optical coherence tomography 
during macular hole surgery. ( a ) Intraoperative imaging of 
the MH at the beginning of the surgical procedure. ( b ) 
During hyaloid separation, an acute traction is exerted on 
the retinal surface by the vitreous probe, and the retina is 
stretched but returned immediately in place. ( c ) During 
the ILM peeling, the edge of the ILM could be seen easily 

on iOCT. Analysis of MH dimensions did not show sig-
nifi cant difference in minimal horizontal MH diameter 
and MH base diameter after hyaloid elevation and/or ILM 
peeling compared to initial diameters before surgical 
maneuvers. ( d ) After fl uid-air exchange, the diameter of 
the MH decreased slightly, but no MH closure was 
observed       
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  Fig. 20.24    Dynamic macular hole (MH) healing closure 
process after macular hole treatment. ( a – d ) MH healing 
closure process after surgery in the right eye (RE) of a 
64-year old woman. ( a ) Preoperative OCT B-scan shows 
a full-thickness MH without vitreomacular traction. The 
MH diameter was of 231 μm ( arrow ), and the Snellen 
visual acuity (VA) was 20/80. ( b ) One month after sur-
gery: persistent foveal detachment associated with disrup-
tion of the ellipsoid zone (EZ). The VA was 20/30. ( c ) 
Three months after surgery: persistent foveal disruption of 
the EZ. The VA was only 20/50 because of secondary 
cataract. ( d ) Six months after surgery: recovery of the 
photoreceptor layer integrity. The fi nal VA after cataract 
surgery was 20/25. ( e – h ) Foveal detachment (FD) after 

ocriplasmin injection in the right eye of a 58-year old 
woman. ( e ) Initial OCT B-scan shows a full-thickness 
macular hole (MH) with vitreomacular traction (VMT). 
The MH diameter was of 381 μm, and the Snellen visual 
acuity (VA) was 20/125. ( e ) One month after the injection: 
persistent FD with a base diameter measured at 2205 μm, 
MH base diameter measured at 515 μm and stable VA at 
20/125. ( g ) Three months after the injection: persistent FD 
with a base diameter measured at 1813 μm, MH base 
diameter measured at 536 μm, and stable VA at 20/125. 
( h ) One month after secondary surgery: MH closure and 
parafoveolar FD with a base diameter measured at 
670 μm. The postoperative VA was 20/100       

and on en-face OCT as arcuate striae of the mac-
ular surface in the area of ILM peeling. They cor-
respond to dimples into the retinal nerve fi ber 
layer on OCT B-scan (Kishimoto et al.  2011 ; 
Spaide  2012 ). The observation of DONFL after 
MH surgery means that the ILM has been peeled 
off (Figs.  20.26  and   20.27  ).

20.7.3.2         Ganglion Cell Layer 
 Several studies have shown that the thickness of 
the retinal ganglion cell layer-inner plexiform 
layer (GCL-IPL) was signifi cantly reduced after 

ILM peeling (Seo et al.  2015 ; Shinoda et al. 
 2008 ). However, they have also used indocyanine 
green (ICG) to stain the ILM, and ICG has been 
shown to have dose-dependent cytotoxic effects 
both in vivo and in vitro on retinal ganglion cells 
(Iriyama et al.  2004 ). 

 In another study in which the ILM has been 
stained with brilliant blue G, a safe dye for gan-
glion cells (Iriyama et al.  2012 ), a thinning of the 
GCL has also been found (Fig.  20.28 ) which pre-
dominated at the temporal side of the macula 
(Baba et al.  2014 ).
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  Fig. 20.25    Three examples of horizontal B-scans of 
macular holes closed 3 months after surgery. ( a ) Closed 
macular hole, with a slight asymmetry in the shape of the 
foveal contour. ( b ) Detail of ( a ): the continuity of the 
external limiting membrane (ELM) is reestablished 
( arrow ). The ellipsoid zone (EZ) is still discontinuous 
with a small gap in the foveal center ( large arrow ). ( c ) 
Closed macular hole with thin retinal scar and persistent 
outer cavitation. ( d ) Detail of c: the external limiting 

membrane (ELM) is probably still disrupted in the foveal 
center. The hyperrefl ectivity could be only due to an effect 
of interface ( arrow ). The ellipsoid zone (EZ) remains dis-
rupted, and a large outer cavitation persists ( large arrow ). 
( e ) Closed macular hole with foveal scar. ( f ) Detail of e: 
thinning of the foveal center ( blue arrow ). The external 
limiting membrane (ELM) is incomplete. The ellipsoid 
zone (EZ) is largely disrupted       
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  Fig. 20.26    Dissociated optic nerve fi ber layer (DONFL) 
after surgical closure of a macular hole with internal limit-
ing membrane (ILM) peeling. ( a ) B-scan OCT prior to 
surgery. ( b ) Blue refl ectance photo of the fundus 3 months 

after surgical hole closure. Note the arcuate striae of the 
DONFL ( arrows ). ( c ) OCT B-scan after surgery, the hole 
is closed. ( d ) Detail of ( c ): deep dimples in the retinal 
nerve fi ber layer ( arrows ) corresponding to the DONFL       

a b c d

e

  Fig. 20.27    Dissociated optic nerve fi ber layer (DONFL) 
after surgical closure of a macular hole with internal limit-
ing membrane (ILM) peeling. ( a ) OCT map showing the 
irregularities of the retinal surface. ( b ) En-face OCT 
image showing the fenestrations ( arrows ) in the retinal 
nerve fi ber layer corresponding to the dimples seen in 

Figs.  20.20 ,  20.21 ,  20.22 ,  20.23 ,  20.24 ,  20.25 , and  20.26 . 
( c ) Map of the ganglion cell thickness and ( d ) difference 
compared to normal in red, showing a decrease in gan-
glion cell layer thickness. ( e ) OCT B-scan showing the 
dimples in the retinal nerve fi ber layer ( arrows )       

 

 

20 Macular Hole



288

70

70

64 77

77
78

95%

5%

1%

Épaisseur moyenne du GCL

Épaisseur GCL minimum

78

78

83

84
84

81

8173
7966

Diversifié :
Distribution

J68 normal68

OD µm OS µm
c

a

b

RE
225

75

0 µm

150

LE

  Fig. 20.28    Ganglion cell thinning after ILM peeling with 
brilliant blue G staining. ( a ) Horizontal SD-OCT B-scans 
showing the lines used to assess the retinal GCL- IPL 
thickness. Cell-inner plexiform layer (CIPL) thickness 
map showing a thinning at the superotemporal side of the 
fovea in the right eye (RE). ( b ) Retinal ganglion. ( c ) 

Deviation map to normative data and sector map showing 
the thinning of the retinal GCL-IPL in the superotemporal 
sector t (minus 64 μm) and the superior sector (minus 
70 μm). Mean retinal GCL-IPL thickness is 73 μm in the 
RE versus 81 μm in the LE. Values are compared to nor-
mative data         
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21.1         Introduction 

 Although optical coherence tomography (OCT) 
was fi rst introduced to investigate and character-
ize primarily macular diseases, clinical studies 
rapidly started to address the use of OCT in the 
diagnosis and management of retinal detachment. 
Before that time, the pre- and postoperative evalu-
ation of the detached retina were entirely clinical, 
but even so, this yielded some useful data as early 
as 1937, when Algernon Reese hypothesized for 
the fi rst time that poor postoperative visual acuity 
after retinal detachment repair may be related to 
the presence of a cystic macular degeneration as 
observed preoperatively in the detached macula 
(Reese  1937 ). What Reese could observe by oph-
thalmoscopy almost 80 years ago was eventually 
confi rmed using OCT by looking at retinal detach-
ments both pre- and postoperatively (Hagimura 
et al.  2002 ; Wolfensberger and Gonvers  2002 ). 
This chapter summarizes the current literature on 
the role of OCT in the diagnosis and the manage-
ment of retinal detachment.  

21.2     Clinical Evaluation 
of Preoperative Macular 
Microanatomy 

 Several tools have been proposed to evaluate 
macular microanatomy before and after surgery 
for macula-off retinal detachments. Clinical 
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examination of the macula (direct and indirect 
ophthalmoscopy) remains an important and eas-
ily performed technique to ascertain macular 
integrity, and as Reese has showed, microana-
tomical details can be gleaned if ophthalmoscopy 
is performed with an expert’s eye. Other clinical 
tools, which have been proposed to evaluate 
visual recovery, include the Amsler grid (Kreissig 
et al.  1981 ), contrast sensitivity, as well as color 
vision testing (Liem et al.  1994 ). Fundus refl ec-
tion densitometry has also been employed by 
measuring macular photopigment density, which 
is an indirect indicator of photoreceptor-RPE 
complex recovery after surgery (Liem et al. 
 1994 ). However, since its discovery (Huang et al. 
 1991 ), OCT has superseded most of these inves-
tigational tools to establish itself as the gold stan-
dard for the rapid noncontact evaluation of the 
macula in retinal detachment patients (Hee et al. 
 1995 ). This novel technique is able to detect with 
precision both pre- and postoperative microana-
tomical changes such as preoperative intraretinal 
edema as well as clinically and angiographically 
silent subfoveal fl uid accumulation (Hagimura 
et al.  2002 ; Wolfensberger and Gonvers  2002 ) 
and other microanatomical changes described 
below. These observations can help to character-
ize the retinal detachment and the prediction of 
visual acuity recovery (Hagimura et al.  2000 ).  

21.3     Preoperative Optical 
Coherence Tomography 
Examination of Retinal 
Detachment 

21.3.1     Macular Edema in Detached 
Macula 

 Macular edema in the detached retina has been 
implicated in limited visual recovery after 
macula- off retinal detachment for many years. 
Following on from the prescient report by Reese 
who described a cystic retinal degeneration in the 
detached macula of 12 eyes with simple macula- 
off retinal detachment, the advent of OCT has 
enabled a much more detailed look at these 
changes. Morphological changes such as retinal 

splitting and undulation of the outer retina have 
been reported in eyes with a highly detached 
macula, and these fi ndings were associated with 
impaired postoperative visual recovery 
(Hagimura et al.  2002 ). The authors also showed 
that the presence of retinal separation or a wavy 
external layer before surgery is associated with 
an unfavorable fi nal visual acuity. A further study 
which examined 16 patients with OCT preopera-
tively and 1, 6, and 10–12 months after buckle 
surgery for macula-off retinal detachment showed 
four categories of morphological macular 
changes (Fig.  21.1 ) including two categories of 
macular edema – one with an intact foveal 
depression and one without. There was a trend 
that the more edema was found in the detached 
macula, the worse postoperative visual acuity 
recovery was (Wolfensberger and Gonvers  2002 ). 
Although other authors later reported the absence 
of a correlation between the fi nal postoperative 
visual acuity, the height of the retinal detach-
ment, the extent of structural changes in the 
detached retina, and the preoperative distance 
from the central fovea to the nearest undetached 
retina on OCT (Lecleire-Collet et al.  2006 ) have 
been confi rmed by several more recent studies to 
be important for visual recovery. Others have 
corroborated the previous fi ndings that visual 
acuity 6 months after surgery was indeed worse 
for the eyes with preoperative edema of the outer 
nuclear layer than for the eyes with a normal reti-
nal architecture before surgery (Matsui et al. 
 2013 ). In addition, preoperative visual acuity was 
also correlated with the existence of intraretinal 
separation (IRS) along with outer layer undula-
tion (OLU) (Nakanishi et al.  2009 ).

21.3.2        Changes at Ellipsoid Zone 

 The preoperative microstructural changes (IRS 
and OLU) in the detached macula appeared to 
be negatively correlated with postoperative 
recovery of the photoreceptor layer (as assessed 
by Ellipsoid Zone (EZ) integrity and external 
limiting membrane (ELM) status). It was fur-
thermore shown that a preoperative foveal loss 
of EZ in the region of the detached macula was 
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signifi cantly correlated with poor postoperative 
visual acuity (Nakanishi et al.  2009 ), whereas 
others demonstrated that the mean postoperative 
best-corrected visual acuity in the eyes with 
photoreceptor layer abnormalities (disruption 
EZ) was signifi cantly lower than in the eyes 
without photoreceptor layer alterations 
(Gharbiya et al.  2012 ).  

21.3.3     Height of Macular 
Detachment 

 The height of macular detachment may also 
interfere with visual recovery in a negative way. 
In accordance with observations made on experi-
mental models, in which photoreceptor degen-
eration increased with greater distance of the 
detached retina from the RPE (Machemer  1968 ), 
the extent of macular elevation has been shown 
to correlate with impaired functional recovery 
(Ross et al.  2005 ). More recent studies using 
OCT have however for the fi rst time allowed 

objective and quantitative measurements of 
retinal detachment height. In a prospective study 
of 25 patients with macula-off retinal detach-
ment, preoperative visual acuity was negatively 
affected by the height of the retinal detachment 
as measured by OCT (Hagimura et al.  2000 ). 

 Several other studies have also confi rmed that 
the visual outcome becomes worse as the height 
of retinal detachment increases. Matsui and oth-
ers have reported that the preoperative and 
6-month postoperative visual acuity of eyes with 
a preoperative height of the retinal detachment 
≥1000 μm were worse than the eyes with a pre-
operative height of the retinal detachment 
<1000 μm (Matsui et al.  2013 ; Joe et al.  2013 ). 
This observation can be explained by the fact that 
the greater the distance between the foveal cones 
and the RPE layer becomes, the less likely it is 
that the cones will receive adequate oxygenation 
and nutrition from the choriocapillaris and epi-
thelial layer via diffusion across the subretinal 
space (Linsenmeier and Padnick-Silver  2000 ; 
Machemer  1968 ).  

a

b

c

d

  Fig. 21.1    Preoperative images of retinal detachment. ( a ) 
Class I: SD-OCT showing a detached macula with a retina 
of normal retinal and foveal thickness but the foveal 
depression is inverted. ( b ) Class II: SD-OCT showing a 
detached macula with relatively normal retinal thickness 
but with increasing loss of the foveal depression. ( c ) Class 

III: SD-OCT showing widespread edema in the external 
plexiform layer of the detached retina and a retained 
foveal depression. ( d ) Class IV: SD-OCT showing wide-
spread retinal edema in the external plexiform layer with 
loss of the foveal depression       
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21.3.4     Duration of the Retinal 
Detachment 

 The exact duration of retinal detachment and its 
potential impact on visual acuity recovery has for 
decades remained a matter of debate (Burton 
 1982 ; Reese  1937 ). In a large retrospective study, 
which included several hundred patients, a maxi-
mal delay of 5 days for retinal detachment repair 
was determined adequate clinically without incur-
ring undue risks for visual acuity recovery. A more 
recent large prospective study of 100 cases with 
macula-off retinal detachment compared three 
groups of patients operated between 1 and 2 days, 
3 and 4 days, and 5 and 7 days after macular 
detachment, with a mean follow-up of 10.5 months, 
but no statistical difference in visual recovery 
between groups was found (Ross et al.  2005 ). 
Using OCT more detailed information has recently 
become available showing that an increase in dura-
tion of the macula-off retinal detachment was sig-
nifi cantly associated with reduced postoperative 
restoration of the IS/OS and the external limiting 
membrane (ELM). Some preoperative variables 
(intraretinal separation and outer layer undulation) 
were not signifi cantly associated with duration of 
the macular detachment but with the height of the 
detached macula (Joe et al.  2013 ).   

21.4     Preoperative Optical 
Coherence Tomography 
Examination of Retinal 
Detachment 

 Very recently an experimental intraoperative 
OCT device has been investigated, which allows 
to obtain intraoperative OCT images (Binder 
et al.  2011 ). This novel technique could be poten-
tially useful in the intraoperative evaluation of 
the detached macula in case of vitreous hemor-
rhage or other vitreous opacities which preclude 
a detailed preoperative evaluation of the detached 
macula. Intraoperative OCT could also help in 
the differentiation between a large macular cyst 
and a macular hole in the detached macula, which 
would directly infl uence the surgical manage-
ment (Ehlers et al.  2013 ).  

21.5     Postoperative Optical 
Coherence Tomography 
Examination of Retinal 
Detachment 

21.5.1     Surgical Technique 
Infl uencing Postoperative 
Retinal Anatomy on Optical 
Coherence Tomography 

 The choice for the use of a specifi c surgical tech-
nique for retinal detachments is in general dic-
tated by the type and severity of the retinal 
detachment to ensure optimal anatomical and 
functional outcome. It has thus come with some 
surprise that a recent report using OCT has found 
that the incidence of postoperative residual sub-
retinal fl uid affecting the macular region varies 
after different surgical techniques. Residual fl uid 
accumulation is signifi cantly higher after scleral 
buckling with a residual macular detachment 
occurring in 63 % after transscleral surgery and 
only in 13 % after vitrectomy (Kambara et al. 
 2000 ). Looking at the long-term evolution of this 
fl uid, it was shown that there is an incidence of 
subretinal fl uid in 69 % at 1 month, 50 % at 3 
months, and 13 % at 12 months follow-up 
(Wolfensberger and Gonvers  2002 ) (Fig.  21.2 ). 
However, when looking at patients who had been 
operated on using vitrectomy, cryotherapy, and 
fl uid-gas exchange, no postoperative persistent 
subretinal fl uid as evaluated by OCT at 1 month 
after surgery was observed (Wolfensberger 
 2004 ). The order of this relationship was also 
confi rmed in two larger studies using both pars 
plana vitrectomy (Benson et al.  2006 ) and epi-
scleral buckle surgery (Benson et al.  2007 ) 
whereby the subfoveal fl uid accumulation 
occurred in 15 % after vitrectomy and in 55 % 
after buckle surgery at 6 weeks follow-up. In the 
most recent study on the subject, postoperative 
subretinal fl uid was noted in 86 % after scleral 
buckling versus 33 % after vitrectomy at 3 months 
postoperatively (Matsui et al.  2013 ). This differ-
ence is very likely to be explained by the fact that 
during vitrectomy, the subretinal space is inad-
vertently washed out by the continuous fl ow 
through the infusion line if the retinal breaks are 
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of suffi cient size. Simple transscleral drainage of 
subretinal fl uid will always leave a narrow slither 
of potentially viscous subretinal fl uid, which will 
take a long time to resolve (Veckeneer et al. 
 2012 ).

21.5.2        Postoperative Factors 

 It has been known for many decades that several 
gross macular abnormalities, such as cystoid 
macular edema, epiretinal membrane formation, 
retinal folds, and pigment migration, can occur 
after successful surgery for retinal. In some cases, 
no clinically detected macular changes are how-
ever observed, and the reduced postoperative VA 
remained unexplained. With the advent of OCT, 
many of these cases could be related to clinically 
silent modifi cation of macular area, which are 
described below. 

21.5.2.1     Cystoid Macular Edema 
 Although cystoid macular edema appeared his-
torically to be a frequent postoperative macular 
complication, which was correlated with partial 
visual recovery after retinal surgery (Sabates 
et al.  1989 ), it disappears spontaneously in the 
majority of cases (Bonnet et al.  1983 ). More 
recent OCT-guided investigations have not con-
fi rmed an important role of classic cystoid macu-
lar edema in the postoperative phase after retinal 
detachment (Wolfensberger and Gonvers  2002 ).  

21.5.2.2     Retention of Subretinal Fluid 
 Subretinal fl uid retention after macula-off reti-
nal detachment can occur in two different types 
of pattern. The most common appearance is a 
small subfoveal bleb, which has been reported 
by several authors using postoperative OCT 
examination. It appears that prolonged fl uid 
retention for more than 3 months after retinal 

a b

c

  Fig. 21.2    Postoperative images of retinal detachment. 
( a ) SD-OCT showing persistent single subretinal foveal 
bleb at 6 months in a patient successfully treated for a reti-
nal detachment with pars plana vitrectomy. ( b ) SD-OCT 
showing persistent multiple subretinal foveal blebs at 3 

months in a patient successfully treated for a retinal 
detachment with vitrectomy. ( c ) SD-OCT showing persis-
tent fl at subretinal fl uid at 3 months in a patient success-
fully treated for a retinal detachment with vitrectomy       
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detachment surgery may be one of the causes of 
delayed restoration of visual acuity (Hagimura 
et al.  2002 ; Wolfensberger and Gonvers  2002 ; 
Lecleire- Collet et al.  2005 ; Matsui et al.  2013 ). 
On the other hand, other authors have indicated 
that subretinal fl uid fi nally resolved at 1 year 
without infl uencing fi nal visual acuity in 44 
eyes after successful scleral buckling for acute 
macula-off rhegmatogenous retinal detachment 
(Soe et al.  2008 ; Delome et al  2012 ). These fl uid 
blebs may also appear in multiple clusters, 
which have been linked to intraoperative reat-
tachment of the retina (Kim et al.  2004 ). 

 The less common pattern of subretinal fl uid 
accumulation is a diffuse layer of fl uid under the 
macula, which is usually linked to highly myopic 
eyes in young patients with long-standing asymp-
tomatic inferior retinal detachment (Abouzeid 
et al.  2009 ). This fl uid may linger for many 
months despite intraoperative transscleral drain-
age during buckle surgery (Fig.  21.3 ). Looking at 
the long-term evolution of this fl uid, it was shown 
that there is an incidence of diffuse accumulation 
in 12 % at 1 month, 6 % at 3 months, and total 
disappearance at 12 months follow-up 
(Wolfensberger and Gonvers  2002 ).

21.5.2.3        Postoperative Foveal 
Thickness 

 Decreased postoperative foveal thickness as mea-
sured with OCT has been implicated as a factor 
for reduced visual acuity recovery in a study fol-
lowing patients with both macula-on and macula- 
off retinal detachments. However, the correlation 
between the reduced postoperative ONL thick-

ness and postoperative best-corrected visual acu-
ity was lower in the macula-off group suggesting 
that the visual acuity is primarily related to the 
preoperative state of the macula which leads to a 
higher chance of cone cell loss and subsequent 
ONL thickness decrease (Gharbiya et al.  2012 ). 
A direct analysis of the central foveal thickness 
failed to demonstrate a correlation with visual 
acuity outcome in successfully repaired retinal 
detachments (Wakabayashi et al.  2009 ).  

21.5.2.4     Postoperative Foveal 
Microstructure 

 Apart from the persistent subretinal fl uid accu-
mulation, the discontinued Ellipsoid Zone (EZ) 
is the most frequent lesion seen in the eyes oper-
ated for macula-off retinal detachments. In sev-
eral studies, it was found in 40–82 % of patients, 
and it was described as a marker for poor visual 
prognosis (Fig.  21.4 ) (Lai et al.  2010 ; Nakanishi 
et al.  2009 ; Shimoda et al.  2010 ; Smith et al. 
 2008 ; Wakabayashi et al.  2009 ). It has been 
reported that the presence of one or more abnor-
malities among the ELM and the EZ was corre-
lated with poor postoperative visual acuity (Lai 
et al.  2010 ). Others have shown that IS/OS lesions 
were detected in 53.3 % of the eyes, lesions which 
were not signifi cantly correlated with visual 
recovery but rather with low macular sensitivity 
and reduced photoreceptor outer segment thick-
ness (Delome et al.  2012 ). Furthermore, it was 
noted that a disrupted EZ was present in 43 % of 
51 macula-off eyes and that the integrity of both 
the ELM and the EZ was signifi cantly associated 
with better visual outcome (Wakabayashi et al. 

a b

  Fig. 21.3    Retinal detachment treated with buckle sur-
gery and external fl uid drainage. ( a ) SD-OCT of a young 
patient, 1 month after inferior retinal detachment treated 
with buckle surgery and external fl uid drainage, shows a 
diffuse shallow elevation of the retina. ( b ) SD-OCT shows 

fi nal complete reattachment of the fovea at 17 months 
after surgery; the attachment occurred between 6 and 9 
months after surgery (Reproduced from Abouzeid et al. 
( 2009 ), with permission of Acta Scandinavica)       
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 2009 ). It has also been suggested that the 
improvement of vision after reattachment of the 
retina was correlated with a decrease of EZ dis-
ruption and that the resolution of ELM disruption 
was a prerequisite for restoration of the EZ 
(Kawashima et al.  2011 ). These fi ndings were 
confi rmed by others, who showed that visual acu-
ity at 6 months postoperatively was better if there 
was EZ continuity at both 3 and 6 months after 
surgery compared to if this was not the case. In 
addition, the rate of achieving EZ continuity was 
higher, and the visual acuity 6 months postopera-
tively was better in the eyes, which had devel-
oped ELM continuity 3 months after surgery 
(Matsui et al.  2013 ; Shimoda et al.  2010 ). A more 
detailed analysis of the ELM and the EZ revealed 
eyes with photoreceptor layer disruption 
≥200 μm had a signifi cantly worse postoperative 
best-corrected visual acuity than those who pre-
sented less extensive disruptions ≤200 μm. 
Multivariate analysis showed that the outer 
nuclear layer thickness and the status of the inter-
mediate line were the most important predictors 
of visual outcome (Gharbiya et al.  2012 ). The 
preoperative microstructural changes (IRS and 

OLU) in the detached macula also appeared to be 
negatively correlated with postoperative recovery 
of the photoreceptor layer [as assessed by the EZ 
integrity and external limiting membrane (ELM) 
status] in a reattached macula (Joe et al.  2013 ).

     Conclusion 

 The advent of OCT and its use in the pre-, 
intra- and postoperative phase has brought a 
new dimension to the diagnosis and manage-
ment of retinal detachment. The main preop-
erative advantage of this novel technology is 
to classify the amount of microanatomical 
changes in the detached retina and to use this 
information for the prediction of visual acuity 
recovery. Intraoperative OCT can potentially 
be used to make an OCT- based assessment of 
the detached macula in the case of preopera-
tive vitreous hemorrhage or other major opac-
ities, and it may help to make surgical 
decisions concerning the status of the macula 
and ensuing potential surgical maneuvers. The 
postoperative evaluation of the macula can 
again shed a lot of light on the microanatomi-
cal status of the different retinal layers, in 

a b

c

  Fig. 21.4    Patterns of the photoreceptor and ellipsoid 
zone after rhegmatogenous retinal detachment repair. ( a ) 
SD-OCT shows an intact ellipsoid zone (EZ) and external 
limiting membrane (ELM) obtained from a 23-year-old 
man 19.5 months after macula-off RRD repair. The visual 
acuity (VA) is 20/12.5. ( b ) SD-OCT shows an OCT image 
with disruption ( arrowheads ) of the EZ junction at the 
fovea. The ELM is preserved. The image is from a 

67-year-old woman 22.5 months after macula-off RRD 
repair. The VA is 20/50. ( c ) SD-OCT shows an image 
obtained from a 28-year-old man 25 months after macula- 
off RRD repair; it shows disruption of both the EZ junc-
tion and ELM at the fovea ( arrowheads ). The VA is 20/67. 
 RPE/BM  retinal pigment epithelium/Bruch’s membrane 
(Reproduced from Wakabayashi et al. ( 2009 ), with per-
mission of Ophthalmology)       
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 particular the ELM and the EZ junction. The 
combination of these OCT fi ndings will help 
us in determining their infl uence on postoper-
ative visual recovery. 

 Despite this progress, there will still be 
patients in the future who show limited 
visual recovery in whom none of the 
described OCT changes can be seen. Further 
development of OCT resolution may be use-
ful in the future, but also the recent advent of 
novel imaging technology such as adaptive 
optics could potentially help us in analyzing 
changes at the cellular level such as the den-
sity of remaining cones (Saleh et al.  2014 ). 
Finally, in addition to microanatomical 
changes, which can be evaluated with OCT, 
we should also consider that damaged mac-
ula may have undergone molecular and bio-
chemical changes which cannot be detected 
with conventional investigational methods. 
These changes will only be unmasked when 
newer molecular assays refl ecting sublethal 
cellular suffering will be available for clini-
cal use.        
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22.1         Introduction 

 Pathological myopia, characterized by elonga-
tion of the axial length, is a common cause of 
social blindness worldwide, especially in East 
Asian countries. The incidence of high myopia is 
5.5 % (>−6.0 diopters [D]) in Japan (Sawada 
et al.  2008 ) and 3.3 % (<−5.0D) in China (Xu 
et al.  2007 ). Pathological myopia causes various 
kinds of macular diseases including macular 
holes with or without retinal detachment, myopic 
foveoschisis, choroidal neovascularization 
(CNV), and chorioretinal atrophy. 

 Diagnosing these pathologies was extremely 
challenging before the advent of optical coher-
ence tomography (OCT), because the atrophic 
fundus reduces the contrast during the fundus 
examination. For instance, previously the pres-
ence of a persistent macular hole postoperatively 
was uncertain; however, OCT identifi ed a very 
low rate of anatomic success (Ikuno et al.  2003 ). 
OCT is not simply a diagnostic tool but also a 
research modality in micropathology. Thus, OCT 
is contributing greatly to advancing retinal prac-
tice in high myopia in several ways. 

 However, time-domain OCT was not a good 
modality for evaluating myopia because of signal 
attenuation. It was often stressful for examiners to 
obtain clear images. Spectral-domain (SD) OCT 
has a much higher scanning speed and provides 
higher-resolution and improved images. SD-OCT 
makes it possible to see more detailed architecture 

        Y.   Ikuno ,  MD     
  Department of Ophthalmology , 
 Osaka University Medical School ,   Osaka ,  Japan   
 e-mail: ikuno@ophthal.med.osaka-u.ac.jp  

  22

mailto:ikuno@ophthal.med.osaka-u.ac.jp


304

in these eyes. This chapter provides the background 
information on myopic macular diseases including 
clinical manifestations and pathogenesis, and 
SD-OCT images are presented and discussed.  

22.2     Basic Principles of Optical 
Coherence Tomography 
in High Myopia 

 Pathological myopia is characterized by axial 
length elongation, and OCT shows several differ-
ences between pathological myopia and non- 
myopic eyes. The light path courses a long 
distance inside the eye, which attenuates the OCT 
signal from the fundus. Highly myopic eyes often 
have a subtle cataract or corneal opacifi cation. 
The curve of the eye wall is steep posteriorly, and 
the edge of the OCT image often fall offs or is 
inverted (Fig.  22.1 ). Generally, it is diffi cult to 
obtain an entire scan in the desired direction in an 
image. SD-OCT is known to have theoretical sig-
nal decay. Normally, the signal is attenuated at 
the bottom of the images, and thus the area of 
interest must be located in the middle to the upper 
half of the image.

   Because of relatively small pathology and 
unstable fi xation, multiple scans are recom-
mended for better screening using SD-OCT. We 
investigated 21 eyes using both a fi ve-line raster 
scan and a three-dimensional scan at the same 
visit and compared the detection rate (Sayanagi 
et al.  2010 ). The three-dimensional scanning 
mode of SD-OCT tended to be superior to both 
the one- and fi ve-line raster scanning modes for 
detecting the inner and outer segments, epiretinal 
membranes (ERMs), macular holes, paravascular 
microholes, and internal limiting membranes 
(ILMs). Thus, the three-dimensional scan mode 
of SD-OCT must be checked when small pathol-
ogy is suspected in highly myopic eyes.  

22.3     Choroid/Scleral Thinning 
and Posterior Staphyloma 

 Posterior eye wall stretching causes choroidal 
and scleral tissue thinning in highly myopic eyes. 
The foveal thickness is similar to that in emme-
tropic eyes; however, the choroid and the sclera 
are extremely thin (Fig.  22.2 ). The average thick-
ness of the subfoveal choroid in emmetropic eyes 

  Fig. 22.1    Myopic 
staphyloma. SD-OCT 
showing deep posterior 
staphyloma. Both edges 
of the structure are 
inverted and delineated 
as an inverted image       

  Fig. 22.2    The retinal 
thickness is normal; 
however, the choroid 
and sclera are extremely 
thin in highly myopic 
eyes. In addition, the 
wall is markedly curved, 
and a posterior 
staphyloma has formed       
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is about 287 μm (Margolis and Spaide  2009 ) 
while that in highly myopic eyes is about 100 μm 
(Ikuno and Tano  2009 ). The choroidal thickness 
is associated signifi cantly with the axial length or 
refractive error and age. The subfoveal, inferior, 
and nasal areas are relatively thinner than the 
superior and temporal areas around the fovea 
(Ikuno and Tano  2009 ). The sclera is also 200–
300 μm thick in highly myopic eyes (Maruko 
et al.  2012 ).

   Axial length elongation does not simply pro-
mote expansion of the eye wall of the entire globe 
but disproportional scleral protrusion, also called 
posterior staphyloma. There are wide variations 
in the shapes of posterior staphylomas. Curtin 
( 1977 ) classifi ed the shapes into ten types 
depending on the area and location of the protru-
sion. Posterior staphylomas normally are delin-
eated as U shaped on OCT when the macula is 
centered. However, there are some exceptional 
shapes when the optic nerve head is more poste-
rior than the macula. The presence of posterior 
staphylomas makes it diffi cult to focus the OCT 
image on the location of interest because of the 
signal decay in SD-OCT.  

22.4     Myopic Foveoschisis 

22.4.1     Pathogenesis 

 Myopic foveoschisis is characterized by retinos-
chisis and subsequent retinal detachment specifi c 
to highly myopic eyes. Myopic foveoschisis was 
fi rst described in the 1950s (Phillips  1958 ) and 

was so common as to be found in 10 of 32 highly 
myopic eyes (Takano and Kishi  1999 ). However, 
this pathology is challenging to diagnose cor-
rectly without OCT. Myopic foveoschisis is sub-
stantially a tractional disease that is generated 
from various components. The vitreous cortex is 
one causes of the inward retinal traction. ERMs 
often develop and also generate traction. The 
rigidity of ILMs and the retinal vascular traction 
are unique and both are new idea of pathogeneses. 
ILM detachment from the other retinal layer often 
is observed on OCT images (Sayanagi et al.  2006 ) 
(Fig.  22.3 ). This indicates that the ILM is less 
fl exible than the other retinal layers and exerts 
inward traction on those layers. Retinal vascular 
traction is postulated based on a unique OCT fi nd-
ing, i.e., retinal microfolds (Ikuno et al.  2005 ; 
Sayanagi et al.  2005 ). The retinal microfolds 
appear on OCT images as small peaks in the inner 
retina and are typical fi ndings after vitrectomy 
performed to treat myopic foveoschisis (Fig.  22.4 ). 
The retinal vessels, especially the retinal arteri-
oles, are less fl exible and cannot be stretched as 
much as the other retinal components. Thus, myo-
pic foveoschisis is caused by multiple factors and 
can be regarded as a split between the fl exible 
outer retina and the infl exible inner retina.

22.4.2         Natural Course 

 OCT has demonstrated a more detailed 
 mechanism related to myopic foveoschisis. 
Myopic foveoschisis starts with retinoschisis 
but  ultimately leads to a macular hole via a 

  Fig. 22.3    The typical 
appearance of an ILM 
detachment ( arrows ). The 
ILM is separated from the 
other retinal layers, and a 
column-like structure is 
seen with bridging thin 
glial tissues       
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focal retinal detachment (Ikuno et al.  2008 ). 
The natural course of myopic foveoschisis is 
poor (Gaucher et al.  2007 ; Shimada et al.  2013 ), 
and 11–50 % of patients have a retinal detach-
ment and/or macular hole formation within 2–3 
years of follow-up without treatment. The 
high risk of severe visual loss from macu-
lar holes with retinal detachments is a 
surgical indication.  

22.4.3     Clinical Manifestations 
and Diagnosis 

 Myopic foveoschisis occurs mainly in middle- 
aged to older women. OCT shows various appear-
ances of myopic foveoschisis including lamellar 
holes and retinal cysts (Benhamou et al.  2002 ). 
Myopic foveoschisis begins as retinoschisis 
without a retinal detachment, i.e., the retinoschi-
sis type. A retinal detachment can start at the 
fovea after several months or years if there is suf-

fi cient traction, i.e., the foveal detachment type 
(Fig.  22.5 ) (Ikuno et al.  2008 ).

22.4.4        Treatment 

 Vitrectomy is the most common treatment for 
myopic foveoschisis (Ishikawa et al.  2001 ; 
Kobayashi and Kishi  2003 ; Ikuno et al.  2004 ). 
The surgical goal is release of all retinal trac-
tion in order to reattach and reconstruct the nor-
mal structure. There are several subtypes; 
however, the subtypes with the best surgical 
indications are controversial. We investigated 
the surgical results and found that eyes with a 
foveal detachment are good surgical candidates 
for visual improvement (Ikuno et al.  2008 ). 
Other investigators also have reported that a 
foveal detachment is a positive predictive factor 
for favorable visual outcomes (Kumagai et al. 
 2010 ). However, there is no consensus about 
the surgical indication, and any type of pathol-
ogy can be an indication for surgery. The ILM 

  Fig. 22.4    The typical 
appearance of a vascular 
microfold after 
vitrectomy for myopic 
foveoschisis ( arrows ). 
The arterioles are elevated 
because of vascular 
traction and appear as a 
tent-like shape on an 
OCT image       

  Fig. 22.5    An impending 
retinal detachment in 
myopic foveoschisis. The 
fovea is highly stressed 
by the vitreous traction, 
and the photoreceptors at 
the fovea are detached       
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is peeled and injecting a vital dye and gas tam-
ponade are performed frequently to enhance 
retinal reattachment.  

22.4.5     Outcome 

 The recovery of visual functional is correlated 
highly with the OCT fi ndings (Fig.  22.6 ). We 
investigated the SD-OCT appearance of 17 eyes 
with myopic foveoschisis and in relation to visual 
acuity (VA) (Fujimoto et al.  2013 ). The mean 
preoperative central foveal thickness was 
470.8 μm. The mean postoperative retinal thick-
nesses decreased signifi cantly and were 310.4 μm 
at 1 month, 251.8 μm at 3 months, 218.2 μm at 6 
months, and 218.7 μm at 12 months. The preop-
erative best-corrected VA (BCVA), fi nal integrity 
of the inner segment/outer segment (IS/OS) junc-
tion, and the external limiting membrane (ELM) 
were associated signifi cantly with the fi nal 
BCVA. Interestingly, the integrity of the IS/OS 
and ELM lines were attenuated at 1 month and 
then started to improve in most cases. This behav-
ior was associated with the mean VA, which 
decreased temporarily 1 month postoperatively.

   We reported that about 50 % of patients with 
the retinoschisis type of macular hole obtained 
visual improvement 6 months postoperatively as 
did 80 % of those with the foveal detachment 
type and 30 % with the macular hole type (Ikuno 
et al.  2008 ). Other investigators reported similar 
results, i.e., the fi nal vision in the foveal detach-
ment group and non-foveal detachment group 
improved in 70 % and 42 %, was unchanged in 
26 % and 33 %, and worsened in 4 % and 25 % of 
the eyes, respectively (Kumagai et al.  2010 ). 

 Macular hole formation is one of the most 
severe postoperative complications, with an inci-
dence of about 20 % (Gaucher et al.  2007 ). To 
identify the risk factors for secondary full- 
thickness macular holes after pars plana vitrec-
tomy with ILM peeling, we retrospectively 
reviewed patients who had undergone those 
 procedures to treat myopic foveoschisis (Gao 
et al.  2013 ). A macular hole developed postoper-
atively in eight (19.0 %) of 42 eyes. No signifi -
cant association between age, axial length, VA, 
foveal status, posterior staphylomas, or chorio-
retinal atrophy was found in patients with and 
without macular holes. Only the percentage of 
eyes with an IS/OS junction defect was signifi -
cantly higher (Fig.  22.7 ).

   The pathogenesis of secondary macular 
holes after vitrectomy for macular foveoschisis 
remains unclear. Gass ( 1995 ) hypothesized that 
the Müller cell cone supplies structural support 
to the fovea and plays a critical role in the 
pathogenesis of macular holes. Potential trauma 
to the underlying Müller cells may be a possi-

  Fig. 22.6    OCT images of the case in Fig.  22.5  ( top ) that 
was treated successfully by vitrectomy. The retina reat-
tached slowly after 1 month ( middle ) and 3 months postop-
eratively ( bottom ). The retinal schisis has almost resolved; 
however, cystic changes remain around the fovea       

  Fig. 22.7    An IS/OS defect on an OCT image ( arrow ), 
indicating discontinuity of the outer part of the retina. 
This indicates a higher risk of development of a macular 
hole after surgery to treat myopic foveoschisis       
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ble explanation for postoperative macular 
holes. ILM peeling may result in loss of Müller 
cell end feet in the area from which the ILM 
was peeled and weakening of the macular glial 
structure.   

22.5     Macular Hole with or 
Without Retinal Detachment 

22.5.1     Pathogenesis 

 Macular holes often lead to retinal detachments 
in highly myopic eyes. Histologic studies of 
specimens obtained during vitrectomy have 
shown that a retinal detachment results from the 
tangential traction of the vitreous cortex and/or 
thin ERMs adhering to the retinal surface (Bando 
et al.  2005 ; Ishida et al.  2000 ).  

22.5.2     Clinical Manifestations 
and Diagnosis 

 The areas of macular holes with a retinal 
detachment vary widely. Some patients are sta-
ble and the pathology is localized for months 
within the posterior staphyloma (Fig.  22.8 ); 
however, most patients develop an extensive 
detachment beyond the edge of the staphyloma. 
A small hole is seen in the central macular area 
on ophthalmoscopy and can be confi rmed by 
OCT, which generally shows a detached retina 

and a hole with or without surrounding 
retinoschisis.

   Interestingly, two types of macular holes are 
seen on OCT in high myopia (Fig.  22.9 ), and they 
have distinctly different prognoses (Jo et al.  2012 ). 
We investigated 22 eyes that underwent vitrectomy 

  Fig. 22.8    A fundus photograph and OCT image of the 
localized macular hole with a retinal detachment. The area 
of the detachment ( arrows ) is localized to the posterior 

pole. The OCT image clearly shows a macular hole and 
surrounding retinal detachment       

  Fig. 22.9    Two types of myopic foveoschisis are seen on 
the OCT images ( top ). The retinoschisis type is character-
ized only by retinoschisis, and no retinal detachment has 
started ( bottom ). The foveal detachment type is more 
advanced, and the photoreceptors are separated from the 
pigment epithelium       
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for highly myopic macular holes and the SD-OCT 
images. Ten eyes had retinoschisis around the mac-
ular hole and 12 did not. The patients in the schisis 
group were signifi cantly older and had a worse VA 
and higher posterior staphyloma. Preoperative 
OCT images must be interpreted carefully to deter-
mine the surgical results.

22.5.3        Treatment 

 Regarding the basic surgical techniques, see Sect. 
  4.4    . The only difference is the duration of the gas 
tamponade. A longer period of gas  tamponade 
with perfl uoropropane normally is needed to 
enhance the reattachment (Lim et al.  2014 ).  

22.5.4     Outcome 

 The prognosis of macular holes with a retinal 
detachment is relatively poor. The postoperative 
VA is an average of 20/200 or less, and retinal reat-
tachment occurs in about 70 % of cases after the 
initial surgery (Nakanishi et al.  2008 ). In addition, 
the macular holes do not close in more than 50 % 
of cases (Ikuno et al.  2003 ). Macular buckling, 
which can be considered when the retina is resis-
tant, converts the vector force on the retinal sur-
face and pushes the retina onto the  retinal pigment 
epithelium (RPE), which is why this procedure 
normally has a higher success rate of over 90 % 
compared with vitrectomy (Ripandelli et al.  2001 ).   

22.6     Myopic Choroidal 
Neovascularization 

22.6.1     Pathogenesis 

 The pathogenesis remains controversial; how-
ever, the consensus is that local production of 
vascular endothelial growth factor (VEGF) is 
somehow upregulated, which leads to CNV 
growth. The pre-existing lacquer crack is thought 
to be a risk, and it is found in most cases with 
myopic CNV (mCNV) (Neelam et al.  2012 ). A 
recent OCT study reported that choroidal thin-
ning at the fovea is a risk factor. For instance, our 

study found that eyes with unilateral mCNV had 
a signifi cantly thinner choroid under the fovea 
compared with healthy, myopic, fellow eyes 
(Ikuno et al.  2010a ). The association between 
choroidal thinning and upregulated VEGF pro-
duction is not understood fully; however, a circu-
latory disturbance was reported around the 
macular area in mCNV (Wakabayashi and Ikuno 
 2010 ). Choroidal ischemia is supposed to 
increase the local VEGF concentration, which 
leads to VEGF production.  

22.6.2     Clinical Manifestations 
and Diagnosis 

 mCNV is normally small and grayish at the mac-
ula or adjacent to the crescent of the optic nerve 
head. This lesion is often pigmented, the so- 
called Förster-Fuchs spot. The Verteporfi n in 
Photodynamic Therapy (VIP) study ( 2001 ) 
reported that more than 70 % of cases had the 
classic type, and in 65 % the lesion was subfo-
veal. Occult CNV and pigment epithelial detach-
ment (PED) are rarely present. mCNV is 
sometimes accompanied by a small hemorrhage 
between the photoreceptors and RPE. Fluorescein 
angiography (FA) is helpful for diagnosis. mCNV 
appears as hyperfl uorescence in the early phase 
and fl uorescein leakage in the late stage. 
Indocyanine green angiography (ICGA) provides 
additional information about the RPE and 
Bruch’s membrane. The location of lacquer 
cracks also can be more clearly depicted on 
ICGA images. SD-OCT is also useful for diagno-
sis, monitoring, and treatment decision-making. 
mCNV normally grows from the choroid and 
migrates into the subretinal space. Fibrin reaction 
and subretinal fl uid (SRF) are observed when 
mCNV is active (Fig.  22.10 ).

22.6.3        Natural Course 

 A histologic study showed that chorioretinal 
atrophy is augmented by photoreceptor loss and 
choroidal vascular obstruction and replacement 
with fi brous tissue (Ohno  1983 ). More than 
90 % of the eyes had a VA over 20/200 at the 
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onset; however, the vision was preserved in less 
than 10 % after 5 or 10 years (Yoshida et al. 
 2003 ). mCNV-associated atrophy usually grows 
around the CNV and typically appears as a 
white scar where the choroid is almost absent. 
OCT shows loss of photoreceptors and enhance-
ment of the OCT signal (shadow) at the corre-
sponding area because loss of the photoreceptors 
and RPE strengthen the signal into the deep tis-
sue (Fig.  22.11 ).

22.6.4        Related Conditions 

22.6.4.1     Dome-Shaped Macula 
 A dome-shaped macula is characterized by the 
convex shape of the posterior sclera and is often 
accompanied by a serous retinal detachment at 
the macula (Gaucher et al.  2008 ). The mecha-
nism of the detachment remains hypothetical, 
and choroidal thinning at the fovea and scleral 
thickening of the surrounding area are thought to 

  Fig. 22.10    A typical case of mCNV. A fundus photo-
graph shows a whitish subretinal lesion with a poorly 
defi ned border at the fovea ( arrow ). A SD-OCT image 
clearly shows CNV under the retina ( arrow ), and subreti-
nal fl uid, which is a sign of activity       

  Fig. 22.11    An old case of 
mCNV shows pigment 
epithelial atrophy around 
the fovea. A fundus photo 
shows a subtle color 
change, but fundus 
autofl uorescence more 
clearly shows a 
hypofl uorescent area 
corresponding to it. The 
OCT shows no SRF, and 
the mCNV is no longer 
active. The penetration of 
the OCT signal around the 
CNV seems to be 
increased because of 
photoreceptor and 
RPE loss       

 

 

Y. Ikuno



311

cause some circulatory problems in the choroid 
and a resultant increase in choroidal pressure. 
The dome-shaped macula often is mistaken for 
mCNV, because of the presence of SRF. However, 
the FA normally does not present dye leakage but 
a window defect from the RPE degeneration. 
ICGA also shows loss of choriocapillaris but not 
like CNV or typical lacquer cracks. Therefore, 
the FA fi ndings are key for the differential diag-
nosis. No effective treatment has been established 
for this condition, and patients usually are 
observed without treatment (Fig.  22.12 ).

   Interestingly, some eyes with a dome-shaped 
macula are often complicated by mCNV, and 
care must be taken when diagnosing. We investi-
gated the morphologic characteristics of macular 
complications of dome-shaped macula (Ohsugi 
et al.  2014 ) and found that the central scleral 
thickness was signifi cantly negatively correlated 
with age and axial length. We classifi ed the eyes 
into three groups: six eyes with CNV, eight eyes 
with aPED, and fi ve eyes with a serous retinal 
detachment; 35 eyes had no complications. The 
patients in the CNV group were signifi cantly 
older and had a longer axial length than the other 
groups. The central choroidal thickness was 
 signifi cantly thinner in the CNV group than in the 
group with no complications. Thus, scleral thin-
ning due to long-term changes may cause mCNV.  

22.6.4.2     Polypoidal Choroidal 
Vasculopathy 

 Polypoidal Choroidal Vasculopathy (PCV) is 
often accompanied by high myopia (Mauget- 
Faÿsse et al.  2006 ), which is sometimes confused 
with mCNV. An abnormal choroidal vascular 
network and polyp formation are the hallmarks of 
PCV. It also can cause a serous detachment with 

a RPE detachment. PCV typically shows a steep 
PED; however, that is unlikely with mCNV. Thus, 
the presence of a PED rules out PCV. ICGA is 
also useful for elucidating choroidal pathologies. 
PCV generally is characterized by polyp forma-
tion, which is well imaged in the middle to late 
phase of ICGA. In addition, the presence of an 
associated abnormal vascular network is another 
hallmark of PCV. PCV is generally treated with a 
combination therapy of PDT and intravitreal anti- 
VEGF injection.  

22.6.4.3     Submacular Hemorrhage 
Without Choroidal 
Neovascularization 

 High myopia sometimes causes a subretinal hem-
orrhage at the macula even without CNV (mSH). 
This is normally seen in younger patients based 
on axial length elongation, and the hemorrhage 
results from a break in Bruch’s membrane or 
RPE because of the posterior eye wall elonga-
tion. The hemorrhage is not accompanied by 
SRF, and OCT shows a uniform intensity under 
the retina, while mCNV shows varying degrees 
of intensity inside (Fig.  22.13 ).

   The SD-OCT appearance of this condition is 
interesting (Asai et al.  2014 ). We retrospectively 
investigated 13 consecutive eyes with mSH that 
were followed for 6 months. The hemorrhages 
resolved in 12 (92.3 %) eyes by 6 months. The 
tops of the hemorrhages reached the outer nuclear 
layer (ONL) in three (23 %) eyes, the ILM in fi ve 
(38 %) eyes, and between the two layers in fi ve 
(39 %) eyes. At 6 months, the intraretinal hyper-
refl ective sign was seen in all (100 %) eyes and 
extended into the ONL in fi ve (38 %) eyes, to the 
ILM in four (31 %) eyes, and between the two 
layers in four (31 %) eyes. The location of the 

  Fig. 22.12    The typical 
appearance of a 
dome-shaped macula. 
The macula appears 
convex, and this 
sometimes complicates 
mCNV or a serous retinal 
detachment       
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hyperrefl ective signs at 6 months coincided with 
the ruptured retinal layers at baseline in all eyes. 
Thus, the subretinal hemorrhage invades the 
inner retinal layers, which can be recognized as 
thin hyperrefl ective lines between the synapses 
and across the retina over the long term.   

22.6.5     Treatment 

22.6.5.1     Photodynamic Therapy 
(PDT) with Verteporfi n 

 PDT was accepted widely as a treatment for 
mCNV. The VIP study ( 2001 ), a randomized, 
prospective, clinical trial to test the safety and 
effi cacy of treating mCNV, found a signifi cantly 
better visual outcome at 12 months; however, that 
results were no longer signifi cant at 24 months 
(VIP Study Group  2003 ), indicating the ques-
tionable long-term effi cacy. PDT leads to 
 choroidal vascular thrombosis (Schmidt-Erfurth 
and Hasan  2000 ), which is a major concern in 
such an atrophic choroid in patients with high 

myopia. Reduced-fl uence PDT might be consid-
ered; however, the safety and effi cacy have not 
been established to date.  

22.6.5.2     Anti-VEGF Therapy 
 The anti-VEGF therapy is currently the most pop-
ular and promising (Fig.  22.14 ). Bevacizumab 
(Avastin, Genentech Inc., South San Francisco, 
CA) is the fi rst anti-VEGF drug used to treat 
mCNV, and several large case series have described 
60–70 % signifi cant (2 lines or more) visual 
improvement and a mean of two to three lines 
visual improvement (Chan et al.  2009 ; Ikuno et al. 
 2009 ). Several prospective and retrospective inves-
tigations have shown that anti- VEGF therapies 
provide better visual outcomes compared with 
PDT (Ikuno et al.  2010b ; Hayashi et al.  2009 ). 
Recently, the RADIANCE study, a prospective, 
double-masked, randomized, controlled, multi-
center study of the safety and effi cacy of ranibi-
zumab (Lucentis, Genentech Inc.) for treating 
mCNV confi rmed the signifi cant effect on vision 
and anatomy over 12 months (Wolf et al.  2014 ).

22.6.6         Outcome 

 The RADIANCE study reported 14.4 letters of 
mean visual improvement, and 65.7 % of patients 
attained complete resolution of leakage from 
mCNV at 12 months, which was signifi cantly bet-
ter than that of the control group. The central reti-
nal thickness decreased quickly in response to 
treatment. Thus, anti-VEGF is effective for mCNV. 

 Small and new cases of mCNV typically 
respond quickly to anti-VEGF. The SRF 
decreases 1 week after intravitreal injection. The 
CNV shrinks and the SRF sometimes resolves 
after a month. Encapsulation of the RPE is the 
important process that controls the CNV. The 
RPE grows from the outside of the CNV and into 
the center. OCT clearly and dramatically delin-
eates this process. The hyper scattering line, pre-
sumed to be the RPE, starts to extend over the 
CNV, and ultimately the CNV is fully covered 
by this line. Accompanying this process, the 
CNV changes in color from reddish to a darker 
color, indicating that the CNV is covered by the 
pigmented RPE. 

  Fig. 22.13    A typical fundus photograph and OCT image 
of a myopic subretinal hemorrhage without CNV. The 
hemorrhage appears as a uniform lesion under the retina. 
In addition, the SRF and fi brin formation is minimal, 
which is important to rule out       
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 Although most cases respond well to treat-
ment, some are refractory. Studies in which beva-
cizumab was administered have shown that cases 
with large and established lesions are unlike to 
respond. These cases typically have minimal SRF 
and sometimes atrophic changes around the CNV. 
Careful interpretation of the OCT fi ndings allows 
an estimation of the response to anti-VEGF ther-
apy. The best indicator of visual recovery is a 
small lesion with SRF. 

 mCNV can sometimes recur and is accompa-
nied by recurrent SRF; in some cases, the capsule 
of the CNV ruptures. In those cases, patients nor-
mally report a visual disturbance. With repeated 
intravitreal injections of an anti-VEGF drug, the 
SRF normally recurs in fewer cases.   

22.7     Closing Remarks 

 This chapter reviewed myopic foveoschisis, mac-
ular holes with or without retinal detachment, 
and mCNV in relation to the OCT fi ndings. All 
are major macular diseases in patients with high 
myopia. OCT is a useful tool in daily practice for 

detecting micropathologies in highly myopic 
eyes and has disclosed a variety of underlying 
pathologies. We must be aware of the latest infor-
mation because this fi eld advances rapidly. 
Further investigation is needed to completely 
understand the detailed disease processes.     
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23.1         Introduction 

 Optic disc pit is a rare congenital anomaly fi rst 
described in 1882 by Wiethe ( 1882 ). It is 
reported to have an incidence of 1 in 11,000 seen 
in an ophthalmic setting (Krivoy et al.  1996 ) and 
is unilateral in the majority of cases (Greear 
 1942 ; Lincoff et al.  1993 ) with no gender predi-
lection. It is characterized by an excavation 
within the optic disc (Fig.  23.1 ). It is considered 
part of the spectrum of congenital disc anoma-
lies with morning glory anomaly, juxtapapillary 
staphyloma and optic disc coloboma (Gass 
 1987 ) which are associated with juxtapapillary 
and macular retinopathy.
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  Fig. 23.1    Colour photograph of optic disc pit       
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23.2        Aetiology 

 Optic disc pits are congenital anomalies that most 
likely occur during the fi rst trimester of preg-
nancy. They are known as ‘atypical colobomas’ 
due to incomplete closure of the embryonic fi s-
sure that would normally have surrounded the 
disc (Apple and Rabb  1998 ; Sugar  1962 ). Some 
argue, however, that optic disc pits are separate 
entities in that they are usually unilateral and 
rarely associated with systemic anomalies. Gass 
has suggested that optic disc pits are due to 
abnormal development of primordial optic nerve 
papillae and failure of complete resolution of 
peripapillary neuroectodermal folds, rather than 
being true colobomata from incomplete fi ssure 
closure (Gass  1969 ). Optic disc pit and other 
anomalies have been described in renal coloboma 
syndrome, with variable inheritance patterns 
(predominantly autosomal dominant) (Dureau 
et al.  2001 ). Mutations of the PAX2 gene, 
involved in the development of the optic and otic 
vesicles, genitourinary tracts and central nervous 
system, have been previously described (Eccles 
and Schimmenti  1999 ; Samimi et al.  2008 ).  

23.3     Clinical Features 

 Optic disc pits may vary in size, occupying up to 
half the disc diameter. The morphology of the pit 
may also vary from localized distinct pit-like 
invaginations to excavated cuplike structures 
(Choi et al.  2014 ; Gregory Roberts et al.  2013 ; 
Kritzinger and Beaumont  1986 ; Waldstein et al. 
 2015 ). The pit may appear grey and white or 
sometimes be mistaken for cupping in glaucoma-
tous optic neuropathy. The depression is fre-
quently situated in the temporal or infra-temporal 
region of the optic disc. There have been reports 
of up to two to three depressions, although in the 
majority there is only one pit per optic disc 
(Kritzinger and Beaumont  1986 ). Peripapillary 
chorioretinal atrophy with pigmentary change is 
seen in almost all cases where the pit is situated 
near the optic disc margin. In 60 % of cases, a 
cilioretinal artery can be identifi ed arising from 
the periphery of the pit (Krivoy et al.  1996 ). 

 Visual acuity may remain normal unless asso-
ciated maculopathy develops. As many as 75 % 
of optic disc pits are associated with serous mac-
ula detachments (Brown et al.  1980 ; Gass  1969 ; 
Kritzinger and Beaumont  1986 ; Kranenberg 
 1960 ; Spencer  1986 ). These are usually related to 
larger pits located temporally in the disc and may 
present during childhood: however, these are 
more commonly present between the second and 
fourth decade of life (Krivoy et al.  1996 ). With 
the advent of ocular imaging (particularly optical 
coherence tomography), maculopathy can con-
sist of intraretinal fl uid and/or retinoschisis and/
or macula serous detachment (Lincoff et al. 
 1988 ). Lamellar macular holes are usually in the 
outer retinal layers. Resolution of macular 
detachment without inducing full-thickness mac-
ular hole can result in good visual acuity; how-
ever, redetachment and delayed resolution are 
typical of optic disc pit maculopathies.  

23.4     Clinical Investigations 

23.4.1     Optical Coherence 
Tomography (OCT) 

 The use of optical coherence tomography (OCT) 
has indeed expanded our understanding of optic 
disc pit-associated maculopathy and corrobo-
rated with earlier histopathological fi ndings and 
hypotheses (Jain and Johnson  2014 ). This non- 
invasive tool has helped demonstrate ultrastruc-
tural characteristics of optic disc pit-associated 
maculopathy and in the evaluation of outcome 
following intervention (Gregory Roberts et al. 
 2013 ; Ehlers et al.  2011 ). 

 Various papers in the recent years investigate 
the use of spectral-domain OCT(SD-OCT) (OCT 
4000 Cirrus Carl Zeiss Meditec, Dublin, CA, 
USA; Spectralis OCT, Heidelberg Engineering, 
Heidelberg, Germany) with enhanced depth 
imaging (EDI SD-OCT) and the newer swept- 
source OCT (SS-OCT) (SS-OCT; DRI OCT-1; 
Topcon, Tokyo, Japan) in this condition, includ-
ing intraoperative use (Bioptigen, Research 
Triangle Park, North Carolina). SD-OCT and 
SS-OCT have similar signal depth penetration. 
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However, while the SD-OCT shows superior 
contrast of choroidal vasculature, SS-OCT has a 
much faster scanning speed (up to 100-fold), 
with less sensitivity roll-off (Waldstein et al. 
 2015 ). These developments in technology allow 
for faster scanning speeds compared with 
 previous OCT, higher resolution and the ability 
for three-dimensional reconstruction (Fig.  23.2 ). 
These high-resolution OCTs are invaluable in the 
characterization of optic disc pit morphology 
(Gregory Roberts et al.  2013 ) and its contents and 
membranes that cover and line the optic disc pit 
in order to better understand this rare condition 
and guide its management.

   Morphology of the pit varies from localized 
distinct pit-like invaginations to deep excavated 
cuplike structures (Choi et al.  2014 ; Ehlers et al. 
 2011 ; Gregory Roberts et al.  2013 ). Small case 
series examined with EDI SD-OCT and SS-OCT 
were able to image choroidal and post-laminar 
structures with suffi cient resolution to demon-
strate defects in the lamina cribrosa and/or sclera 
and the track of fl uid between perineural space 
and intraretinal/subretinal spaces, confi rming 
previous histopathological fi ndings (Ferry  1963 ; 
Gowdar et al.  2015 ; Irvine et al.  1986 ; Ohno- 
Matsui et al.  2013 ). 

 Herniation of dysplastic retina tissue into the 
optic disc pit can also be demonstrated (Aggio 
et al.  2007 ). Vitreous strands and glial tissue can 
sometimes be seen on SD-OCT or SS-OCT 
within the content of the pits, again correlating 

with histopathological understanding of this con-
dition (Chang et al.  2012 ; Gregory Roberts et al. 
 2013 ; Ohno-Matsui et al.  2013 ; Theodossiadis 
et al.  2007 ). A hyperrefl ective diaphanous mem-
brane is often demonstrated overlying the exca-
vated disc anomaly (Fig.  23.3 ) (Chang et al. 
 2012 ; Gregory Roberts et al.  2013 ; Ohno-Matsui 
et al.  2013 ). Doyle suggested this was a protec-
tive barrier against vitreous entry to the pit, intra-
retinal space and thus maculopathy (Doyle et al. 
 2009 ). With advancements in SD-OCT and 
SS-OCT resolution and ability to visualize this 
membrane in slices several microns thin, this 
membrane is now seen to be porous and unlikely 
to serve this function. Similarly, a membrane lin-
ing the base of the optic disc pit does not seem to 
have prognostic value. This appears to represent 
pia mater (Ohno- Matsui et al.  2013 ), although 
histopathologically it has been reported as the 

a b

c

  Fig. 23.2    ( a ) SD-OCT showing the membrane overlying 
the optic disc region. Details of the base of the optic disc 
pit cannot be seen. ( b ,  c ) Comparison of ( b ) SD-OCT 

(EDI) and ( c ) SS-OCT of the same patient showing simi-
lar cuts through the fovea of optic disc and vitreous matter 
entering the optic disc pit       

  Fig. 23.3    SD-OCT showing the membrane overlying 
optic disc pit temporally ( arrow ), minimal intraretinal fl uid 
and posterior vitreous detachment over macula region       
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continuation of the internal limiting membrane 
over the disc  representing rudimentary retinal tis-
sue (Ferry  1963 ). The fl uid in the perineural 
space posterior to this can also now be visualized 
(Michalewski et al.  2014 ).

   Although aetiology of the retinal fl uid associ-
ated with this rare condition is still under debate, 
SD-OCT and SS-OCT allow better visualization 
of the fl uid, the level of the retina it is predomi-
nantly affecting and associations in each case 
with perineural and vitreous space. Fluid has 
been noted in various permutations with involve-
ment of outer and/or inner plexiform layer and 
subretinal macula, with and without tracks ema-
nating from the disc anomaly demonstrated 
(Fig.  23.4 ) (Krivoy et al.  1996 ; Michalewski 

et al.  2014 ; Hotta et al.  1999 ; Rutledge et al. 
 1996 ). SD-OCT and SS-OCT have also negated 
the importance of posterior hyaloid on the 
 pathogenesis of optic disc pit maculopathy. 
Vitreomacular traction was not demonstrated in 
many cases with maculopathy contrary to previ-
ous beliefs (Chang et al.  2012 ; Hirakata et al. 
 2005 ; Imamura et al.  2010 ; Pham et al.  2007 ). In 
addition, maculopathy can recur following surgi-
cal development of posterior vitreous detach-
ment (Jain and Johnson  2014 ).

   Intraoperative SD-OCT (Bioptigen, Research 
Triangle Park, North Carolina) has also aided our 
understanding of this rare condition with serial 
real-time, high-resolution images of the optic 
nerve head and macula. It has been performed to 

  Fig. 23.4    ( a ) Fundus photograph of patient with optic disc 
pit. Lamellar hole and lipofuscin associated with chronic 
fl uid can be seen. Macula elevation (correlating with intra-
retinal fl uid) with an area of taut swelling centrally (subreti-
nal fl uid) can be seen. ( b ) SS-OCT of the macula showing 
outer retinal lamellar hole and intraretinal and subretinal 
fl uid. ( c ,  d ) SD-OCT (EDI) two cuts in the same patient. ( c ) 

Through the optic pit and ( d ) at the inferior edge of the 
optic disc pit showing fl uid track in continuity with intra-
retinal fl uid. Note there is intraretinal fl uid in both outer and 
inner retina, in addition to subretinal fl uid. ( e ) SS-OCT 
similar cut to 4c showing optic disc pit, intraretinal fl uid 
(inner and outer retina) and subretinal fl uid. Incomplete 
posterior vitreous detachment can be noted         

a b

c

d e
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show no improvement of optic disc pit-associated 
retinoschisis following induction of posterior vit-
reous detachment. However, following fl uid air 
exchange (and return to fl uid), intraoperative 
SD-OCT was able to demonstrate a reduction in 
the retinoschisis (Ehlers et al.  2011 ). The possi-
bility raised by this immediate, intraoperative 
reduction of retinoschisis fl uid is that there is 
some communication with the vitreous cavity or 
subarachnoid/perineural space. 

 High aspiration at optic disc pit with partial 
collapse of the retinoschisis even in the absence 
of connecting channels on OCT also suggests a 
sieve-like connection between the vitreous cavity 
and the intraretinal space at the pit, suggesting a 
rhegmatogenous component to the fl uid accumu-
lation (Ehlers et al.  2011 ). How vitrectomy proce-
dures reduce and collapse macular schisis spaces 

are not well understood, but may be related to this 
operative fi nding. Further, SD-OCT and SS-OCT 
can be used in the evaluation of intervention – 
namely, progress of maculopathy, any resolu-
tion of intraretinal fl uid and confi rmation of the 
creation of intraretinal barrier to fl uid migration 
with laser photocoagulation (Jain and Johnson 
 2014 ). In cases of recurrence, it can also be use-
ful in visualizing persistent tracks of communica-
tion between the optic disc pit and macula.  

23.4.2     Visual Field 

 Numerous visual fi eld defects also exist. Reported 
changes included centrocecal defects, paracentral 
scotomas, arcuate defects, enlarged blind spots 
and nasal or temporal defects. Enlarged blind spots 

a b

c d

  Fig. 23.5    Optic disc pit with serous macular detachment. 
( a ) Colour photograph of optic disc pit with serous macular 
detachment. ( b ) Fundus autofl uorescence. Slight masking 
of papillomacular area autofl uorescence ( arrows ) due to 
serous detachment. Fairly normal appearance elsewhere 
over the macula. ( c ) Fluorescein angiography at 27 s. 

Hypofl uorescence over optic disc pit. Oblique hyperfl uo-
rescence under superotemporal macular vessel due to reti-
nal pigment epithelium (RPE) transmission defect ( arrow ). 
( d ) Fluorescein angiography at 8 min. Staining of optic disc 
pit ( arrow ). RPE transmission defect showing reduced 
hyperfl uorescence with waning phase of angiogram       
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and arcuate scotomas were the most commonly 
reported defects (Gass  1969 ).  

23.4.3     Fluorescein and Indocyanine 
Green Angiography 

 Angiography of optic disc pits and maculopathies 
has been reported. Fluorescein angiography 
showed early hypofl uorescence and late staining 
of the optic pit (Fig.  23.5 ). Indocyanine green 
angiography showed absolute hypofl uorescence of 
the optic disc. Both can be implemented to demon-
strate pooling of fl uorescence within the area of 
macula elevation (Gordon and Chatfi eld  1969 ).

23.5         Management 

 Treatment options at this point target reduction of 
macular schisis associated with optic disc pits. 
These include laser to the edge of the optic disc, 
macular buckling and pars plana vitrectomy with 
or without internal limiting membrane peeling 
and gas tamponade.  

23.6     Summary 

 Optic disc pits are a congenital anomaly of the 
optic disc that are fairly well characterized at this 
time clinically. They tend to become clinically sig-
nifi cant when the associated macular schisis causes 
a reduction of vision. Current spectral- domain and 
swept-source OCT techniques with their higher 
resolutions and even intraoperative use allow us 
to understand this rare entity better, giving greater 
insight into the pathogenesis of this condition.     
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24.1         Introduction 

 Retinal dystrophies comprise of a broad group of 
disorders which affect the retina and often lead to 
signifi cant vision loss. This group of inherited 
diseases is characterised by progressive photore-
ceptor loss. The underlying genetic defect has 
been identifi ed in many of these conditions, lead-
ing to a better understanding of the pathogenesis 
and the possibility of novel therapy (Bird  1995 ; 
Francis  2006 ; Hamel  2007 ). The high resolution 
of spectral domain optical coherence tomography 
(SD-OCT) images allows detailed examination 
of the retinal structure in many diseases. Detailed 
examination by SD-OCT offers much better abil-
ity to correlate with symptoms and progression, 
compared to fundus examination. 

 In this chapter, we will cover how SD-OCT is 
particularly valuable as an adjunct imaging tool 
in the management of patients with retinal dys-
trophies and degeneration.  

24.2     Retinitis Pigmentosa/
Rod- Cone Dystrophy 

 Retinitis pigmentosa (RP) is the most common 
retinal dystrophy, affecting about 1 in 3000 peo-
ple (Bundey and Crews  1984 ; Bunker et al. 
 1984 ). This group of conditions is characterised 
by retinal degeneration and progressive loss of 
rod photoreceptors, which may be  accompanied 
by variable degree of cone photoreceptor loss. 
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The age of disease onset, progression and sever-
ity of visual loss is variable but can be related to 
the genetic inheritance of this disease, with auto-
somal dominantly inherited RP generally having 
less severe visual loss and X-linked recessive RP 
having the worst prognosis (Fishman  1978 ). 

 Early symptoms of RP include nyctalopia and 
visual loss, which typically begin in the peripheral 
visual fi eld and progress towards the centre 
(Hartong et al.  2006 ; Marshall  1988 ). Central 
vision is generally preserved until the late stage. 
However complications like cystoid macular 
oedema (CMO), epiretinal membrane growth and 
macular hole formation can affect the central vision 
in some cases (Hajali et al.  2008 ; Hagiwara et al. 
 2011 ; Sahel et al.  2010 ). Other associated diseases 
such as the development of cataract can also reduce 
the visual acuity (Fishman et al.  1985 ). Clinical 
characteristics of RP include retinal pigment epi-
thelial (RPE) atrophy and arteriolar attenuation in 
the early stages (Fig.  24.1a ). Bony spicules and 
waxy disc pallor appear in the later stages of this 
disease (Berson et al.  1985 ; Marshall  1988 ).

   In the early stages of RP, a patient may expe-
rience symptoms in the absence of clear clinical 
signs. Diagnosis of RP in these cases may be 
possible with electrophysiological testing. In the 
early stage of the disease, the rod photoreceptors 
are predominantly affected, resulting in abnormal 
scotopic responses, with relatively preserved phot-
opic responses. In the later stages, both the rod and 
cone photoreceptors may be involved resulting in 
abnormalities in photopic responses in addition to 
abnormalities in scotopic responses. In advanced 
stages of RP, however, when there is extensive 
photoreceptor loss, both scotopic and photopic 
responses may become undetectable (Fishman 

 1985 ; Goura and Carr  1964 ). Progressive concen-
tric visual fi eld loss is the most common pattern 
of progression. In advanced stages of the disease, 
only a small island of residual central visual fi eld 
(Fig.  24.1c ) may remain. This may be associated 
with a small peripheral island (Grover et al.  1998 ; 
Holopigian et al.  1996 ). 

 Fundus autofl uorescence (FAF) is another 
useful imaging tool to monitor the progression of 
RP in addition to fundoscopy examination. RP 
changes on FAF have been previously correlated 
with fi ndings on optical coherence tomography 
(OCT) and electrophysiology. An abnormal 
hyper-autofl uorescent ring surrounding a normal 
fovea has been observed in 54–94 % of patients 
with RP (Fig.  24.2a ). This ring corresponds to a 
loss in the inner segment ellipsoid zone (EZ) pre-
viously known as the inner/outer segment border 
seen on SD-OCT. This ring has been thought to 
represent dysfunction of both the RPE and the 
photoreceptor cells, and the progressive constric-
tion of this ring can be associated with a decreased 
area of intact photoreceptors (Robson et al. 
 2006 ). Outside this ring, differing patterns of nor-
mal autofl uorescence to areas of decreased auto-
fl uorescence can be observed. This corresponds 
to the generalised loss of the EZ line and the 
external limiting membrane (ELM) (Fig.  24.2b ) 
(Murakami et al.  2008 ; Wakabayashi et al.  2010 ).

24.2.1       Optical Coherence 
Tomography 

 Spectral domain-OCT can be used to monitor 
RP-related changes in the retinal layers includ-
ing the photoreceptor layers (represented by the 

  Fig. 24.1    Retinitis pigmentosa/rod-cone dystrophy. ( a ) 
A fundus photo of a 65-year-old male with retinitis pig-
mentosa showing early changes which include vessel 
attenuation and retinal pigment epithelium atrophy. ( b ) 
The corresponding spectral domain OCT showing (1) 
generalised thinning of the inner retinal layer in the 
peripheral retina, (2) loss of the inner segment ellipsoid 
layer (EZ) and external limiting membrane (ELM) in the 
mid-peripheral region, with relative preservation at the 
centre of the fovea. These fi ndings are consistent with a 

reasonable central vision of 6/15 with peripheral fi eld 
losses seen on the Goldmann visual fi eld (GVF) ( below ), 
(3) patchy loss of the inner segment EZ with thinning of 
the outer nuclear layer (ONL) and (4) a thickened retinal 
nerve fi bre layer (RNFL) was also observed. (5) Choroidal 
thinning was observed in some areas of patients with reti-
nitis pigmentosa (RP). ( c ) Goldmann visual fi eld (GVF) 
which showed the loss of the peripheral visual fi eld with a 
residual “tubular” visual fi eld       
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EZ), the ELM and the retinal nerve fi bre layer 
(RNFL) (Hood et al.  2009 ; Triolo et al.  2013 ). A 
previous study demonstrated that the loss of the 
EZ can be directly related to the inner abnormal 
FAF border of the ring as well as visual fi eld 
boundary. Ellipsoid zone loss may be patchy and 

incomplete in the early stages and become com-
plete in the later stages. Correspondingly, in the 
early stages, the central cone photoreceptors 
may be spared. A loss of the ELM was also noted 
in some patients. In some cases thinning of the 
RPE/Bruch’s membrane complex has also been 

a

c1

c2

b

  Fig. 24.2    Retinitis pigmentosa/rod-cone dystrophy. ( a ) 
Fundus photo ( above ) of a 49-year-old male with RP who 
presented with nyctalopia and a visual acuity of 6/30 on 
the right and 6/15 on the left, which showed arteriolar 
attenuation, RPE atrophy and bony spicules in the periph-
ery. ( b ) Autofl uorescent (AF) image ( below ) showed an 
abnormal hyper-autofl uorescent ring surrounding the cen-
tre of the fovea and hypo-autofl uorescent areas along the 
arcades corresponding to areas of retinal pigment epithe-
lium (RPE) atrophy. ( c ) Spectral domain OCT of the 
patient above corresponding to the AF cross section c1 

which showed ( 1 ) complete loss of EZ and ELM. ( 2 ) On 
the foveal cut OCT corresponding to the AF cross section 
c2, the extent of the EZ disruption corresponding to the 
inner boundary of the abnormal hyper-autofl uorescent 
ring with generalised thinning of the EZ, ONL and ELM. 
( 3 ) Choroidal thinning is also observed in the mid- 
peripheral retina. ( c ) Multifocal ERG showed reduced and 
delayed response throughout the macula, with some pres-
ervation of the central ring only. This functional assess-
ment corresponds well with the structural changes seen on 
OCT and AF imaging           
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observed (Fig.  24.1b ) (Hood et al.  2009 ; Hood 
et al.  2011a ,  b ; Murakami et al.  2008 ; Triolo 
et al.  2013 ; Wakabayashi et al.  2010 ). Changes 
affecting the inner retina have also been reported: 
The RNFL has been noted to be thicker in RP 

patients when compared to controls (Fishman 
 1985 ). In addition, thinning of the inner retinal 
layers has also been found to occur at a faster 
rate in RP patients compared to normal subjects 
(Oishi et al.  2013 ). 

b c1

c2

c

Fig. 24.2 (continued)
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 Hyper-refl ective foci in the inner nuclear layer 
(INL) in early stages followed by changes in the 
outer nuclear layer (ONL) in later stages have 
been described. These hyper-refl ective foci are 
thought to be indicative of structural retinal 
changes (Figs.  24.3b  and  24.4b ) (Kuroda et al. 
 2014 ). Optical coherence tomography can aid in 
the detection of complications associated with 
RP, such as cystoid macular oedema (CMO), 
epiretinal membrane and macular hole forma-
tion. OCT can be used to monitor the response to 
treatment with medication or surgery (Hajali and 
Fishman  2009 ; Hajali et al.  2008 ; Hagiwara et al. 
 2011 ). In RP patients with severe CMO, visual 
impairment is strongly correlated to a disruption 
of the EZ (Fig.  24.3b ) (Kim et al.  2013 ). After 
cataract surgery about 14 % of RP patients have 

macular oedema (Jackson et al.  2001 ). OCT is 
also useful to detect and monitor the response to 
treatment of CMO with acetazolamide (Chung 
et al.  2006 ).

    Overall OCT imaging shows that disruption in 
the EZ, loss of the ELM and thinning of the inner 
retinal layers correlate to visual impairment in 
patients with RP. Choroidal thinning was also 
observed in both the subfoveal and peripheral 
retina; however there was no correlation to visual 
acuity (Dhoot et al.  2013 ). Optical coherence 
tomography imaging in combination with FAF 
imaging, electrophysiology and visual fi eld test-
ing are useful modalities to diagnose as well as 
monitor progression and response to treatment in 
patients with RP (Birch et al.  2013 ; Hood et al. 
 2011a ,  b ).   

a

b

  Fig. 24.3    Retinitis pigmentosa/rod-cone dystrophy. ( a ) 
A fundus photo ( left ) and AF image ( right ) of a 50-year- 
old female with RP who presented with right-eye blurring 
of vision and a visual acuity of 6/45. The fundus photo 
and AF show vessel attenuation, RPE atrophy and a bull’s 

eye pattern of maculopathy. ( b ) Spectral domain OCT of 
the patient above that showed ( 1 ) cystoid macula oedema, 
( 2 ) disruption in the EZ zone and loss of ELM which cor-
responds to impaired visual acuity, hyper-refl ective foci 
(HFs) in the ONL and ( 3 ) HFs in the inner nuclear layer       
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  Fig. 24.4    Retinitis pigmentosa/rod-cone dystrophy. ( a ) 
A fundus photo ( left ) and AF image ( right ) of a 49-year- 
old male with pericentric RP and maculopathy who pre-
sented with blurring of vision and a visual acuity of 6/21. 
Fundus photo and AF show bony spicules and RPE atro-
phy in the mid-peripheral region and maculopathy. ( b ) 
Spectral domain OCT of the patient corresponding to the 
AF cut “b1” above which showed ( 1 ) loss of EZ and ELM 
and thinning in the ONL and RPE/Bruch’s layer in these 
same areas with HFs in the outer nuclear layer and sub-
retinal layer. ( 2 ) An area of RPE atrophy with increased 

transmission corresponding to the area of reduced AF. ( c ) 
Spectral domain OCT of the patient corresponding to the 
AF cut “b2” above showing ( 3 ) generalised thinning of 
the neurosensory retina in areas corresponding to RPE 
atrophy and bony spicules with ( 4 ) EZ disruption but pres-
ervation of the ELM and ONL corresponding to the areas 
of the normal retina between the disc and macula seen on 
the fundus photo and AF. ( d ) Multifocal ERG which 
showed reduced amplitude affecting the central three 
rings. ( e ) GVF of the same patient demonstrates central 
scotoma and relatively preserved peripheral vision         

a

b b1

b1
b2

b2c
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24.3     Cone Dystrophy 

 Cone dystrophy is a group of heterogenous con-
ditions which predominantly affect the cone pho-
toreceptors. Common symptoms include central 
vision loss, photophobia, dyschromatopsia and in 
some cases nystagmus (Michaelides et al.  2004a ; 
Simunovic and Moore  1998 ). There are two types 
of cone dystrophy: stationary and progressive. 
Achromatopsia refers to early-onset cone dystro-
phy that is usually stationary. The majority of 
achromatopsia is inherited in an autosomal reces-
sive manner. Blue cone monochromacy is a small 
subset of stationary cone dystrophy which is 

inherited in an X-linked recessive manner. 
Progressive cone dystrophy is most commonly 
inherited in an autosomal dominant manner. In 
the progressive form, visual acuity continues to 
deteriorate gradually, often resulting in legal 
blindness by adulthood (Jacobson et al.  1989 ; 
Ripps et al.  1987 ). Cone-rod dystrophy appears 
to involve only cones early in the disease, with 
progressive rod dysfunction developing later.

   Characteristic clinical signs include the pres-
ence of a bull’s eye appearance (Fig.  24.7a ) with a 
dark central area at the fovea with surrounding pale 
zone (Grey et al.  1977 ). Other non-specifi c changes 
that may occur include macular retinal atrophy and 
pigment deposits. In the later stages, if there is rod 

d

e
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a

b

c

  Fig. 24.5    Cone dystrophy. ( a ) A 12-year-old male with 
early cone dystrophy who presented with dyschromatop-
sia and visual acuity of 6/24 in both eyes. The fundus 
photo ( left ) and AF image ( right ) appear within normal 
limits. ( b ) Spectral domain OCT of the patient showed ( 1 ) 
a loss of the interdigitation zone (IZ) between the cone 
outer segments and the apical processes of the retinal pig-
ment epithelium along the whole span of the cut but more 
marked in the foveal region and ( 2 ) foveal cavitation. ( 3 ) 

A less distinct border in the periphery between the EZ and 
the ELM with lower intensity and thinning of the EZ band 
is also observed. ( below ,  right ) A normal spectral domain 
OCT which showed four bands: ( 1 ) ELM, ( 2 ) inner seg-
ment ellipsoid zone (EZ), ( 3 ) interdigitation zone (IZ) and 
( 4 ) RPE layer. ( c ) Reduced and delayed multifocal ERG 
responses which showed cone dysfunction despite no 
defi nite changes seen on the fundus photo       
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  Fig. 24.6    Cone dystrophy. Another SD-OCT feature described in cone dystrophy: outer retinal layer loss with central 
retinal thinning and segmental foveal loss of the EZ band       

a

b

  Fig. 24.7    Cone dystrophy. ( a ) A characteristic bull’s eye 
pattern was seen in the fundus photo ( left ) of a 30-year-old 
male with cone dystrophy who presented with blurring of 
vision and visual acuity of 6/90. AF imaging ( right ) 
showed a ringlike area of hyper-autofl uorescence sur-
rounding a hypo-autofl uorescent area of RPE atrophy. ( b ) 

( middle ) Spectral domain OCT which showed complete 
loss of the EZ and ELM in the macular regions likely cor-
responding to the abnormal area on AF and multifocal 
ERG. ( c ) Multifocal ERG which showed localised abnor-
mality affecting the centre three rings       

involvement, vessel attenuation and bony spicule 
pigmentation in the periphery may develop. In 
advanced stages, severe diffuse chorioretinal atro-
phy, temporal disc pallor and even optic atrophy 
can occur (van Huet et al.  2013 ; Michaelides et al. 
 2004a ,  b ; Simunovic and Moore  1998 ). 

 Visual symptoms may precede visible 
changes in the macula. Associated visual fi eld 
defects include a central scotoma, an annular 
scotoma, a generalised sensitivity loss or 
uncommonly, a peripheral scotoma (Michaelides 
et al.  2004a ,  b ; Sadowski and Zrenner  1997 ; 
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Zahlava et al.  2014 ). Typical electrophysiology 
fi ndings in cone dystrophy include poor phot-
opic and 30Hz fl icker responses, with relatively 
preserved scotopic (rod-derived) responses. 
Multifocal electroretinogram also shows a 
reduction in the amplitude and delay in 
responses. Electroretinogram (ERG) fi ndings 
are very informative as they may be abnormal 
even before any distinguishable clinical signs 
appear (Fig.  24.5 ). In the late stages of cone-rod 
dystrophy, completely undetectable waveforms 
maybe observed in both scotopic and photopic 
testing (Krill et al.  1973 ; Michaelides et al. 
 2004a ,  b ; Ripps et al.  1987 ; Sadowski and 
Zrenner  1997 ; Simunovic and Moore  1998 ). 
Findings with FAF imaging can be variable, but 
a ring of hyper-autofl uorescence surrounded by 
an area of macula RPE atrophy is commonly 
seen (Fig.  24.7a ) (Robson et al.  2010 ). 

24.3.1     Optical Coherence 
Tomography 

 Optical coherence tomography fi ndings charac-
teristic of cone dystrophy in the early stages may 
be subtle, such as loss of the interdigitation zone 
(IZ), with or without foveal cavitation (Fig.  24.5 ). 
There is a less distinct border in the periphery 
between the EZ and the ELM with lower inten-
sity and thinning of the EZ zone. At the macula, 
the EZ zone can show irregular foveal loss or 
segmental foveal loss (Fig.  24.6 ). Another pattern 

of OCT abnormality that has been observed in 
cone dystrophy is central foveal thickening with 
irregular perifoveal loss of the EZ zone. In the 
later stages, the ELM and EZ may be completely 
lost at the macular region but preserved in the 
peripheral regions of the fundus (Fig.  24.7b ). 
There is also generalised thinning of the RPE 
layer (Cho et al.  2013 ; Inui et al.  2014 ; Lima 
et al.  2013 ).

    Overall, cone dystrophy and cone-rod dystro-
phy show characteristic changes on OCT that 
affects predominantly the macula area in the 
early stages and correlates with the level of 
visual impairment.   

24.4     Stargardt Disease 
and Fundus Flavimaculatus 

 Stargardt disease and fundus fl avimaculatus are 
variants of an inherited form of macular dystro-
phy. The recessive form caused by mutations in 
the  ABCA4  gene located on chromosome 1p13 is 
the most common form (Armstrong et al.  1998 ; 
Gerber et al.  1995 ; Hadden and Gass  1976 ). It 
has a prevalence of 1 in 10,000. Affected indi-
viduals usually present with visual loss in child-
hood to early teens and many progress to legal 
blindness by adulthood. A subset of these patients 
has the onset of disease at a later age, which is 
often associated with a better visual prognosis. 
Clinical symptoms include loss of central 
vision and dyschromatopsia. Fundus  examination 

c
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 during the early stage of the disease can be nor-
mal, or show non-specifi c mottling only. As the 
disease progresses, loss of the foveal refl ex and 
granulation in the RPE with a “snail slime” 
appearance can be seen (Figs.  24.8a  and  24.9a ). 
In the later stages, atrophy of the RPE may give 
rise to a “beaten bronze” appearance (Cibis et al. 
 1980 ; Eagle et al.  1980 ; Fujinami et al.  2013a ,  c ; 
Michaelides et al.  2003 ; Rotenstreich et al.  2003 ). 
A characteristic fi nding of this disease is the 
bilateral white-yellowish deep retinal lesions 
(fl ecks) seen in the posterior pole which can 
extend to the mid-periphery (Fig.  24.8a ). Flecks 
can vary in shape (e.g. pisciform), size and pat-
tern (Armstrong et al.  1998 ).

   Different FAF imaging patterns have been 
observed according to the stage of the disease 
and the rate of atrophy. During the early stages, 
increased autofl uorescence can be seen within 
the fl ecks, which refl ect the accumulation of 
autofl uorescent material surrounded by a homo-
geneous background. This background signal 
can progress to become more heterogenous, 
developing numerous foci of abnormal signals. 
In later stage, with increasing atrophy, multiple 
areas of reduced autofl uorescence in the poste-
rior pole can be seen (Fig.  24.8a ) (Fujinami 
et al.  2013a ,  b ,  c ). 

 Electrophysiology testing demonstrates 
macular dysfunction in all cases. In addition, 
three patterns have been observed, which may 
have prognostic value: (1) severe abnormality 
on pattern ERG (macular function) with normal 
scotopic and photopic b-wave amplitudes, (2) 
reduced macular function with loss of photopic 
ERG responses (cone dysfunction) and (3) 
reduced photopic, scotopic and macular 
responses which showed global photoreceptor 
dysfunction of cones and rods (Lois et al. 
 1999 ). Long-term prognosis is worst in patients 
with global photoreceptor dysfunction in addi-
tion to maculopathy. 

 Fundus fl uorescein angiography (FFA) 
shows a characteristic dark choroid with 
reduced visibility of the choroidal circulation. 
Newly formed fl ecks are not fl uorescent as the 
lipofuscin is intracellular; however as the dis-
ease progresses, hyperfl uorescence occurs due 

to a window defect in the preretinal and retinal 
phases (Anmarkrud  1979 ). 

24.4.1     Optical Coherence 
Tomography 

 Findings on SD-OCT include a hyperplastic 
RPE with hyper-refl ectivity seen in the fovea 
region. The residual neurosensory retina shows 
irregularity above the fovea and may be diffi cult 
to differentiate between the EZ and ELM layer 
in the parafoveal region (Fig.  24.8a ) (Saxena 
et al.  2012 ). Retina fl ecks can be seen as hyper- 
refl ective spots in the outer retinal layers and the 
RPE/Bruch’s membrane complex. Flecks within 
the RPE (Fig.  24.9a ) are associated with photo-
receptor atrophy in the foveal region while 
fl ecks in the ONL (Figs.  24.8a  and  24.9a ) sepa-
rate from the RPE may be a marker of possible 
evolution to foveal atrophy (Querques et al. 
 2009c ).

   Overall, OCT imaging allows quantitative, 
in vivo imaging of the photoreceptor layer and 
RPE in patients with Stargardt disease and fun-
dus fl avimaculatus. Flecks seen on the fundus 
can be seen in various layers of the retina on 
OCT and may be related to atrophic changes or 
progression of the disease. Choroidal thinning 
and atrophy is also observed in some cases (Yeoh 
et al.  2010 ). Therefore, SD-OCT allows detailed 
characterisation of this disease and the correla-
tion with visual function, which other imaging 
modalities cannot achieve (Querques et al.  2006 ; 
Querques et al.  2009a ,  b ,  c ; Saxena et al.  2012 ).   

24.5     Bietti Crystalline Dystrophy 

 Bietti crystalline dystrophy (BCD) is a rare type 
of chorioretinal degeneration, characterised by 
yellow-white dot crystalline deposits seen in the 
paracentral and peripapillary retina occasionally 
associated with similar crystalline deposits in the 
cornea. Other retinal changes include progressive 
atrophy of the RPE and choroid with pigment 
clumping (Fig.  24.10a ) (Bernauer and Daicker 
 1992 ; Mansour et al.  2007 ; Mauldin and O’Connor 
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a

b

  Fig. 24.8    Stargardt disease and fundus fl avimaculatus. 
( a ) A fundus photo ( left ) and AF image ( right ) of a 
38-year-old male with Stargardt disease who presented 
with long-standing poor vision and a visual acuity of 6/90. 
Pisciform fl ecks can be seen on the posterior pole with 
macula atrophy. The area of macula atrophy appears 
hypo-AF whereas fl ecks showed varying degree of auto-
fl uorescence. ( b ) Stargardt disease and fundus fl avimacu-

latus. Spectral domain OCT which showed ( above ) ( 1 ) 
demarcation of the parafoveal region where the EZ and 
ELM bands are poorly differentiated and ( 2 ) irregularity 
in the neurosensory retina with loss of the EZ and ELM 
bands affecting the centre of the fovea. Hyper-refl ectivity 
of the RPE is noted throughout the macula. A peripheral 
SD-OCT image ( below ) showed ( 3 ) hyper-refl ective spots 
in the ONL corresponding to the fl ecks       

 1981 ). Rarer complications include CMO, choroi-
dal neovascular membrane and macula hole for-
mation (Yin et al.  2014 ). Symptoms include 
nyctalopia, decreased visual acuity and a paracen-
tral scotoma that usually presents between the 
second and fourth decades of life and often con-

tinue to progress to severe visual loss, constricted 
visual fi elds and legal blindness later in life (Chen 
et al.  2013 ; Kojima et al.  2012 ; Yin et al.  2014 ). 
Bietti crystalline dystrophy has been reported to 
be more common among the oriental race in East 
Asia and is caused by mutations in the CYP4V2 
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gene, which causes abnormal lipid metabolism 
(Kaiser-Kupfer et al.  1994 ; Rossi et al.  2013 ; 
Toto et al.  2013 ; Yin et al.  2014 ).

   Fundus autofl uorescence imaging shows the 
presence of hypo-autofl uorescent areas corre-
sponding to areas of atrophy in the RPE and 
choroid (Fig.  24.10a ). Hyper-autofl uorescent 
spots are seen in the areas of the crystalline 
deposits only in some cases (Halford et al. 
 2014 ). Electrophysiology testing shows 
decreased amplitudes in both the scotopic and 
photopic responses with less-affected implicit 
times. However, there have also been reports of 
full- fi eld ERG responses remaining normal 
even in the later stages of the disease. 
Multifocal ERG can show decreased amplitude 
in all rings. Visual fi eld loss is also variable 
and may be in the form of ring, paracentral or 

central scotoma (Rossi et al.  2013 ; Sen et al. 
 2011 ). Indocyanine green angiography (ICGA) 
shows disruption in the choroidal circulation 
with delayed choroidal fi lling (Fong  2009 ). 

24.5.1     Optical Coherence 
Tomography 

 Spectral domain OCT shows that most of the crystal-
line deposits are located at the level of the RPE/
Bruch’s membrane complex in portions of the retina 
that were spared from patchy degeneration 
(Fig.  24.10b ) (Halford et al.  2014 ; Kojima et al.  2012 ; 
Toto et al.  2013 ). One study with serial imaging 
showed that the disappearance of the crystals was 
associated with severe disruption and thinning of the 
RPE/Bruch’s membrane (Halford et al.  2014 ; Yeoh 

a

b

  Fig. 24.9    Stargardt disease and fundus fl avimaculatus. 
( a ) A fundus photo ( left ) and AF image ( right ) of a 
14-year-old male with Stargardt disease who presented 
with 6 months of poor vision and visual acuity of 6/120. 
Multiple greyish white fl ecks are seen on the posterior 
pole with snail slime like appearance of the macula. 
Hypo-autofl uorescence seen in area of macula atrophy 

and fl ecks. ( b ) Spectral domain OCT which showed ( 1 ) 
hyper-refl ective foci seen in the RPE corresponding to a 
fl eck with, ( 2 ) a hyper-refl ective RPE with loss of the EZ 
and ELM layer and marked thinning of the neurosensory 
retina. ( 3 ) Hyper-refl ective foci can also be seen in the 
outer nuclear layer that was separate from the RPE corre-
sponding to a fl eck       
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et al.  2010 ). In the ONL, hyper-refractive, spherical 
structures are associated with suspected areas of 
ongoing retinal degeneration (Kojima et al.  2012 ).   

24.6     Best’s Vitelliform Macular 
Dystrophy 

 Best’s vitelliform macular dystrophy (BVMD) is 
an autosomal dominant inherited condition with 
a variable penetrance. Patients with BVMD typi-
cally present in the fi rst and second decades with 
metamorphopsia and progressive impairment of 
their central vision. Functional visual acuity is 
usually able to be preserved in at least one eye 
even in adulthood (Fishman et al.  1993 ; Mohler 

and Fine  1981 ; Ponjavic et al.  1999 ; Sohn et al. 
 2009 ). Mutations in the  Best1 gene on chromo-
some 11q12–q13 have been found to cause 
changes in the bestrophin-1 protein located in the 
RPE. This defective protein expresses properties 
of Ca 2+ -activated Cl −  channels, which may 
explain the underlying pathogenesis of this dis-
ease (Rosenthal et al.  2006 ; Sun et al.  2002 ). 

 Juvenile BVMD has been characterised by the 
deposition of subretinal lipofuscin-rich material 
in the macula. Five stages have been observed as 
the disease progresses: (1) previtelliform stage 
(normal macula or subtle RPE changes), (2) vitel-
liform stage (Fig.  24.11a , right) (well- defi ned 
“egg yolk” lesion), (3) pseudohypopyon stage 
(Fig.  24.12a , right) (the yellow material settles 

a

b

  Fig. 24.10    Bietti crystalline dystrophy. ( a ) A fundus 
photo ( left ) of a 72-year-old lady with Bietti’s crystalline 
dystrophy (BCD) and bilateral visual acuity of count-
ing fi nger which showed widespread choroid and RPE 
atrophy with crystalline deposits in the mid-periphery. 
AF imaging showed that ( a ) some crystals appeared as 
hyper- autofl uorescent spots and ( b ) widespread hypo- 
autofl uorescence corresponded to areas of retinal atrophy. 

( b ) Spectral domain OCT which showed ( 1 ) Crystalline 
deposits that were located in the layer of the RPE/Bruch’s 
membrane complex. ( 2 ) Spherical structures in the ONL 
that have been associated with suspected areas of ongoing 
retinal degeneration, ( 3 ) Crystalline deposits located at the 
fovea, and ( 4 ) Severe chorio-retinal atrophy with complete 
loss of the EZ, ELM and severe thinning of the choroid 
(Figures reprinted with permission from Dr Lee Shu Yen)       
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  Fig. 24.11    Best’s vitelliform macular dystrophy. ( a ) A 
fundus photo of a 10-year-old boy with Best’s vitelliform 
macula dystrophy (BVMD) which showed the vitelliform 
stage ( right ) and a secondary choroidal neovascularisation 
(CNV) ( left ). This patient presented with left blurring of 
vision with a visual acuity of 6/9 on the right and 6/120 on 
the left. ( b ) AF imaging which showed hyper- 
autofl uorescent material in the areas of the vitelliform 
lesion ( right ), central area of hypo-autofl uorescence cor-
responding to the CNV with a ring of hyper- 
autofl uorescence of vitelliform material. ( c ) ( above ) 
Spectral domain OCT (SD-OCT) image of the right eye of 
the patient above, which showed the vitelliform stage with 
( 1 ) a dome-shaped accumulation of hyper-refl ective mate-
rial between the RPE layer and the photoreceptor layer. 
( 2 ) The ONL is thinned over the contour of the elevation, 

and ( 3 ) the middle highly refl ective layer (HRL) was seen 
to be elevated at the margins of the dome with thickening 
and fragmentation above the dome elevation but intact and 
thickened along the rest of the retina. ( d ) ( middle ) Spectral 
domainOCT image of the left eye of the patient which 
showed ( 1 ) The disruption of both the middle HRL and 
EZ also extending to above the lesion, ( 2 ) Aneurosensory 
detachment surrounding ( 3 ) A secondary CNV and ( 4 ) 
Areas of thinning of the ONL over the lesion all the way 
to the margins. ( e ) ( below ) Multifocal ERG showed a mild 
delay in central responses corresponding to the vitelliform 
lesion on the right eye and a more marked reduction and 
delay in responses in the left corresponding to the area 
with the secondary CNV; the EOG Arden ratio was 
reduced in both eyes (RE 133 %, LE 123 %)         

a

inferiorly), (4) vitelliruptive stage (Fig.  24.12a , 
left and  24.13a , left) (a scrambled egg lesion with 
partial resorption of the material) and (5) atrophic 
stage (macular atrophy) (Fig.  24.13a , right) (Gass 
 1977 ; Mohler and Fine  1981 ; Querques et al. 
 2009a ). Rupture of the Bruch’s membrane with 
the development of choroidal neovascularisation 
(CNV) (Fig.  24.11a , right) can also occur (Noble 
 1978 ). Treatment of these secondary choroidal 
neovascularisations with photodynamic therapy 
and intra-vitreal anti-vascular endothelial growth 
factor (Anti-VEGF) has been reported to achieve 
good results (Andrade et al.  2003 ; Chung et al. 
 2001 ; Querques et al.  2008 ). Multifocal vitelli-
form lesions have also been reported (Boon et al. 
 2007a ,  b ; Querques et al.  2009b ). Late stages 
include fi brosis and geographic atrophy (Mohler 
and Fine  1981 ; Querques et al.  2009a ).

     Electrophysiology testing is often useful in 
making the diagnosis. Abnormal electrooculo-

gram (EOG) with an Arden ratio of <140 % is 
demonstrated in BVMD, even in the early pre- 
vitelliform stage (Fig.  24.11e ) (Thorburn and 
Nordstrom  1978 ). Multifocal ERG response 
delay has been shown to correlate with the loss 
of foveal photoreceptors in the EZ and was asso-
ciated with decreased vision (Schatz et al.  2010 ). 

 Fundus autofl uorescence imaging shows char-
acteristic hyper-autofl uorescence of the vitelli-
form material. Fundus fl uorescein angiography 
in the vitelliform stage shows blocked fl uores-
cence at the macula with a hypofl uorescent disc. 
During the pseudohypopyon stage, the lower part 
with the vitelliform material shows blocked fl uo-
rescence with a contrasting superior portion with 
absent vitelliform material that can have normal 
or hyperfl uorescence. The vitelliruptive stage has 
variable hyper- or hypofl uorescence according to 
the distribution of the vitelliform material. The 
atrophic stage shows typical hyperfl uorescence 
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due to an RPE window defect. Fibrotic changes 
in the late stages will stain early with intense 
hyperfl uorescence. Fundus fl uorescein angiogra-
phy and ICGA can also be useful in the diagnosis 
and monitoring of secondary choroidal neovas-
cularisation (Duncker et al.  2014 ; Ferrara et al. 
 2010 ; Gass  1977 ; Schatz et al.  2010 ). 

24.6.1     Optical Coherence 
Tomography 

 Spectral domain OCT allows visualisation of 
changes in the retinal structure which can aid in 
monitoring of progression of BVMD (Ferrara et al. 
 2010 ; Querques et al.  2009a ,  b ,  c ; Xu et al.  2013 ). 

  Fig. 24.12    Best’s vitelliform macula dystrophy. ( a ) ( above ) 
A fundus photo of a 59-year-old lady with adult- onset foveo-
macular vitelliform dystrophy (AFVD) who was as symp-
tomatic with a visual acuity of 6/7.5 on the right and 6/6 on 
the left. The right eye showed the pseudohypopyon stage 
with the accumulation of the yellowish material in the infe-
rior part of the vitelliform lesion and the left eye showed the 
accumulation of vitelliform material inferiorly with partial 
resorption of the material and greyish clumps of subretinal 
tissue. ( b ) ( below ) AF imaging which showed hyper-autofl u-
orescence of the vitelliform material in both eyes with areas 
of hypo-autofl uorescence corresponding to areas of atrophy. 
( c ) ( above ) ( a ) Spectral domain OCT (SD-OCT) image of 
right eye of the patient above of the vitelliform-like lesion 
which showed ( 1 ) a localised neurosensory retinal detach-
ment with ( 2 ) clumps of hyper-refl ective subretinal material 
seen at the base of this detachment. ( 3 ) The ONL was thinned 
with focal regions of heterogenous refl ectivity and ( 4 ) a 
pigment epithelial detachment was observed. ( below ) ( b ) 

Spectral domain OCT image one year later which showed 
( 1 ) increased vitelliform material accumulation and ( 2 ) 
focal areas of EZ disruption and irregular thickening of the 
middle HRL. ( d ) ( above ) ( a ) Spectral domain OCT image 
of left eye of the patient above which showed ( 1 ) irregular 
elongation of the outer segments of the photoreceptors caus-
ing an irregular middle HRL interspersed with focal areas of 
EZ disruption and ( 2 ) thinning of the ONL above the lesion. 
Two types of hyper-refl ective mounds at the level of the RPE/
Bruch’s complex were observed. ( 3 ) The fi rst type of mound 
was associated with shadowing of underlying choroidal 
structures. ( below ) ( b ) Spectral domain OCT image one year 
later which showed ( 4 ) a hyper-refl ective spot of partially 
resorbed vitelliform material. ( 5 ) The second type of RPE 
mound that was associated with the overlying collapse of the 
outer retinal layers, hyper-refl ectivity of the underlying cho-
roid and ( 6 ) disruption of the EZ and middle HRL over the 
area of the lesion         

a

b
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 Previtelliform stage: A thickened middle 
highly refl ective layer (HRL) between the RPE/
Bruch’s complex and the EZ can be observed even 
in early subclinical disease. The  corresponding 
ONL starts to thin out at the fovea so the overall 
retinal thickness is maintained. 

 Vitelliform stage (Fig.  24.11c ): A dome- 
shaped elevation can be seen at the fovea due 
to the accumulation of hyper-reflective mate-
rial between the RPE layer and the photore-
ceptor layer. The middle HRL is seen to be 
elevated at the margins of the dome with thick-
ening and fragmentation above the dome ele-
vation. The ONL is thinned both over the 
contour of the elevation and even beyond the 
margins of the dome. 

 Pseudohypopyon stage (Fig.  24.12c ): There is 
a localised neurosensory retinal detachment with 
clumps of hyper-refl ective subretinal material 
seen at the base of this detachment. The ONL is 
thinned and there are focal regions of heteroge-
nous refl ectivity. There are focal areas of EZ dis-
ruption and irregular thickening of the middle 
HRL. There are small hyper-refl ective mounds 
observed at the level of the RPE/Bruch’s 
complex. 

 Vitelliruptive stage (Fig.  24.12d ): A similar 
area of neurosensory detachment is seen with 
obvious thinning of the ONL. There is irregular 
elongation of the outer segments of the photore-
ceptors causing an irregular middle HRL inter-
spersed with focal areas of EZ disruption. Greyish 
subretinal tissue is seen in the middle of these 
lesions which corresponded to two types of 
hyper-refl ective mounds at the level of the RPE/
Bruch’s complex. The fi rst type of mound is asso-
ciated with shadowing of underlying choroidal 
structures. The second type is associated with 
collapse of the overlying outer retinal layers and 
hyper-refl ectivity of the underlying choroid 
(Ferrara et al.  2010 ). 

 Atrophic stage: Overall thinning of the neurosen-
sory layer may progress with further loss of photore-
ceptors. There is complete loss of the EZ and middle 
HRL with thinning of the overlying ONL associated 
with visual impairment. The RPE/Bruch’s mem-
brane complex is relatively well preserved.   

24.7     Adult-Onset Foveomacular 
Vitelliform Dystrophy 

 Adult-onset foveomacular vitelliform dystro-
phy (AFVD) is an autosomal dominantly inher-
ited disorder characterised by bilateral, round 
or oval, yellow, symmetrical, subretinal lesions 
similar to BVMD (Fig.  24.13a ). However this 
disease has a later onset (after the fourth 
decade) with less severe visual impairment. 
Symptoms of this disease include a relative 
scotoma, metamorphopsia or sometimes can be 
detected on routine eye exam. Clinical signs 
can range from the typical bilateral deposition 
of lipofuscin-rich material within the RPE 
associated with photoreceptor loss to more sub-
tle changes like satellite fl ecks. In some cases, 
it can mimic age-related degenerative diseases. 
Secondary choroidal neovascularisation and 
atrophy can be seen as this disease progresses 
(Brecher and Bird  1990 ; Gass  1974 ; Saito et al. 
 2003 ; Vine and Schatz  1980 ; Wiznia et al. 
 1981 ). 

 Electrooculogram fi ndings can be normal or 
subnormal. Multifocal ERG responses are 
reduced in most cases especially in the central 
regions despite having good visual acuity. 
Fundus autofl uorescence imaging shows simi-
lar hyper- autofl uorescence of the vitelliform 
material to BVMD (Saito et al.  2003 ; Wiznia 
et al.  1981 ). 

24.7.1     Optical Coherence 
Tomography 

 The SD-OCT fi ndings show hyper-refl ective 
clumps of vitelliform material within the ONL 
and outer plexiform layer (Fig.  24.13d ). The EZ in 
some cases appeared to encase the dome-shaped 
portion of the highly refl ective vitelliform mate-
rial and in other eyes appeared irregular and dis-
rupted. The RPE/Bruch’s membrane complex is 
either normal, disappeared over the vitelliform 
lesion or became thickened and less well defi ned 
(Yeoh et al.  2010 ). One previous study showed 
choroidal thickening in AFVD compared to 
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  Fig. 24.13    Adult-onset foveomacular vitelliform 
dystrophy. ( a ) ( above ) A fundus photo of a 70-year-old 
lady with adult- onset foveomacular vitelliform dystrophy 
(AFVD) who presented with bilateral blurring of vision 
with visual acuity of 6/9 on the right eye and 6/21 on the 
left eye. The mild atrophic changes were shown on the 
right eye and a residual vitelliform-like lesion was shown 
on the left eye. ( b ) ( below ) AF imaging showed areas of 
hypo- autofl uorescence corresponding to areas of atrophy 
on the right eye and areas of hyper-autofl uorescence in the 
left eye corresponding to the partially resorbed vitelliform 
material. ( c ) ( above ) Spectral domain OCT image of the 

above patient of the atrophic stage which showed ( 1 ) pres-
ervation of the EZ and thickening and irregularity in the 
middle HRL which corresponds to good visual acuity of 
6/9. An area of atrophy with ( 2 ) complete loss of the EZ 
and middle HRL away from foveal centre with thinning of 
the overlying ONL. The RPE/Bruch’s membrane complex 
is relatively well preserved. ( d ) ( below ) Spectral domain 
OCT image of the above patient which showed ( 1 ) hyper- 
refl ective clumps of vitelliform material within the outer 
plexiform layer, ( 2 ) an RPE mound was associated with 
shadowing of underlying choroidal structures and ( 3 ) pig-
ment epithelial detachment       
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choroidal thinning observed in advanced age-
related macular degeneration (AMD) (Coscas 
et al.  2014 ). The vitelliform material near the 
macula appeared as a highly refl ective dome-
shaped lesion located between the RPE and pho-
toreceptor layer. In a small proportion of eyes, the 
macula lesion is  hyporefl ective. Retinal pigment 
mottling and  discrete pigment epithelial detach-
ments were also observed in some cases 
(Benhamou et al.  2003 ; Benhamou et al.  2004 ; 
Puche et al.  2010 ; Querques et al.  2011 ) 
(Fig.  24.13c ).   

24.8     X-Linked Retinoschisis 

 X-linked retinoschisis (XLRS) is an inherited 
 vitreoretinal degeneration that is usually bilat-
eral and symmetrical. In most cases there is 
 characteristic macular involvement with split-
ting of the nerve fi bre layer which sometimes 
may appear as a spoke-like pattern (Fig.  24.14 ). 
About half of these patients have peripheral 
schisis which most commonly occurs in the 
infero-temporal retina. The onset of symptoms 
is usually in the fi rst decade, and affected males 
have moderate to severe visual impairment that 
worsens over the second and third decades and 
then stabilises (Apushkin et al.  2005 ; Gregori 
et al.  2013 ; Tantri et al.  2004 ). The RS1 gene is 
responsible for this disease codes for retinoschi-
sis, a secreted protein that may be involved in 
cellular adhesion or interactions (Tantri et al. 
 2004 ). Electroretinogram fi ndings refl ect the 

predominant inner retina dysfunction, leading to 
reduction in the dark adapted b-wave amplitude 
with a relatively preserved a-wave (electronega-
tive waveform) (Nakamura et al.  2001 ). Photopic 
30Hz fl icker ERG response has been reported to 
be delayed in some patients. S-cone ERGs have 
also been reported to be abnormal in 50 % of 
patients. Fundus autofl uorescence imaging fre-
quently demarcates the spoke-wheel pattern 
seen on the fundus (Vincent et al.  2013 ). 

24.8.1     Optical Coherence 
Tomography 

 Foveal macula splitting can occur in any layer 
of the retina. It is most frequently seen between 
the deeper retinal layers i.e. between the inner 
and outer nuclear layer and can have character-
istic cystoid spaces. A few smaller cysts have 
been observed in the parafoveal region at the 
ganglion cell layer and retinal nerve fi bre layer. 
Peripheral schisis has also been reported to be 
more superfi cial, affecting the retinal nerve 
fi bre layer (Urrets- Zavalía et al.  2006 ; Yu et al. 
 2010 ). The thinning of the temporal perifoveal 
inner retina, thickening of the inner fovea as 
well as changes in the outer segments of the 
photoreceptors may be correlated to visual 
acuity (Andreoli and Lim  2014 ; Yang et al. 
 2014 ). OCT also helps in the differentiation 
of peripheral schisis versus suspected retinal 
detachment which is important for management 
(Fig.  24.14 ).

d

Fig. 24.13 (continued)
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  Fig. 24.14    X-linked retinoschisis. ( a ) ( above ) A right 
fundus photo ( left ) of an 18-year-old male with X-linked 
retinoschisis (XLRS) who presented with fl oaters in both 
eyes with visual acuity of 6/21 in both eyes. Bilateral 
foveal schisis is observed with a characteristic spoke-like 
pattern seen ( left eye similar ). AF imaging ( right ) showed 
corresponding areas of hypo-autofl uorescence corre-
sponding to the areas of foveal retinoschisis. ( b ) ( below ) 
Spectral domain OCT image showing foveal macula 

schisis affecting the ( 1 ) inner nuclear layer (INL) and ( 2 ) 
outer nuclear layer, with characteristic cystoids spaces 
( 3 ). In this example, Outer nuclear layer schisis is more 
marked around the foveal macular region and less promi-
nent in peripheral areas. ( c ) ( above ) Fundus image ( left ) 
showing an area of peripheral schisis and spectral domain 
OCT images showing cross-sectional images of the INL 
splitting ( right image ) (Contributed by Dr. Loh Boon 
Kwang (Singapore))       
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25.1         Introduction 

 Optical coherence tomography (OCT) provides 
fast, non-contact and reproducible high- 
resolution imaging of the posterior pole. With 
improving resolution down to 1 μm and the abil-
ity to clearly defi ne anatomical layers, OCT plays 
an ever-increasing role in the management of 
uveitis. Diagnostically, the ability to observe 
alteration in the refl ectivity, thickness and retinal 
architecture is invaluable in understanding the 
pathophysiology of some uveitic conditions. 
Whilst there are general agreements on 
 anatomical layer and nomenclature of the inner 
retinal layers, the same is less so for the outer 
retinal layers. In 2014, the IN OCT group pro-
duced a consensus statement on the four distinct 
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hyper- refl ective outer retinal bands (Staurenghi 
et al.  2014 ). From the outermost to the innermost 
are the retinal pigment epithelium (RPE)/Bruch’s 
membrane complex, the interdigitation zone (IZ), 
the ellipsoid zone (EZ) and the external limiting 
membrane (ELM) (Staurenghi et al.  2014 ). The 
term ‘zone’ is used when tissues within a region 
cannot be clearly delineated with current technol-
ogy. With enhanced depth imaging, choroidal 
vasculature and thickness can also be both quali-
tatively and quantitatively measured. This is par-
ticularly helpful in uveitic conditions such as 
Vogt-Koyanagi-Harada (VKH) syndrome, sym-
pathetic ophthalmia (SO), Behcet’s disease and 
choroidal granuloma. 

 From a management perspective, OCT is use-
ful in documenting longitudinal changes and reso-
lution of complications, e.g. cystoid macular 
oedema (CMO), subretinal fl uid and choroidal 
neovascular membrane (CNVM). Specifi c OCT 
changes associated with uveitic conditions [e.g. 
hyper-refl ectivity of the outer retina seen in acute 
posterior multifocal placoid pigment epitheliopa-
thy (APMPPE)] often resolve with treatment, 
making OCT ideal for assessing treatment 
response. Prognostically, OCT can be used to pre-
dict visual outcome. Patients with disruption of EZ 

and thinning at the fovea are signifi cantly associ-
ated with worse visual acuity (Forooghian et al. 
 2009 ). It can also be used to detect the presence of 
vitreomacular traction (VMT), epiretinal mem-
brane (ERM), foveal atrophy and lamellar holes 
that can adversely affect the visual outcome. 

 The main limitation of OCT in uveitis is that any 
hyper-refl ective structures will cast shadows and 
may mask underlying disorder. Additionally, media 
opacities (e.g. haemorrhage and vitritis) and move-
ment artefacts can signifi cantly degrade image 
quality. Finally compared to angiography, OCT can 
be falsely negative in the presence of leakage. 

 Whilst uveitic condition often presents with 
nonspecifi c infl ammatory changes (Fig.  25.1 ), 
some have distinct manifestations on OCT. The 
following chapter will aim to highlight some of 
the prototypical changes associated with uveitic 
conditions.

25.2        Macular Oedema 

 Many uveitic conditions may cause vision loss 
through reactive macular oedema. Three patterns 
of macular oedema have been described 
(Markomichelakis et al.  2004 ):

  Fig. 25.1    Chronic uveitis. SD-OCT with corresponding 
red-free showing epiretinal membrane with retinal thick-
ening due to chronic uveitis. The absence of intra-retinal 

hyporefl ective spaces is useful in excluding cystic macu-
lar oedema. White arrow pointing to hyper-refl ective and 
thickened epiretinal membrane       
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    1.    Diffuse – increased retinal thickness, multiple 
hyporefl ective spaces and separation of retinal 
lamellae (Fig.  25.2 )

       2.    Cystoid – well-defi ned intra-retinal cystoid 
spaces in the retina (Fig.  25.3 )

       3.    Serous detachment – separation of the neuro-
sensory retina from the underlying retinal pig-
ment epithelial-Bruch’s membrane complex    

  Vitreoretinal interface disorders are another 
potential complications of uveitis and can be seen 
on OCT as epiretinal membranes, vitreomacular 
traction or macular hole formation. The ability to 
detect and measure macular oedema through 

qualitative and quantitative measures has led to 
new study designs for the management of uveitic 
eye disease.  

25.3     Idiopathic Infl ammatory 
Chorioretinopathies 

25.3.1     Multiple Evanescent White 
Dot Syndrome (MEWDS) 

 This transient disorder typically presents in 
young adults with photopsia and manifests fun-
doscopically as multiple small, white dots in the 

  Fig. 25.2    Diffuse cystoid macular oedema (CMO). SD-OCT shows increased retinal thickness with hyporefl ective 
spaces ( white star ) and splitting of the retinal lamellae       

  Fig. 25.3    Focal cystoid macular oedema. Focal CMO ( white arrow ) secondary to birdshot choroiditis       
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posterior pole. Acute presentations demonstrate 
disruption of the photoreceptor ellipsoid zone 
(EZ) and interdigitation zone (IZ) (Fig.  25.4a, b ) 
(de Bats et al.  2014 ; Kanis and van Norren  2006 ). 
The disruption may either be diffuse or multifo-
cal. This may be associated with choroidal thick-
ening on enhanced depth imaging OCT 
(EDI-OCT) and small round hyper-refl ective 
points in other layers such as the ganglion cell 
layer (de Bats et al.  2014 ). During follow-up, 

reconstitution of the EZ occurs gradually over 
several weeks to months (Li and Kishi  2009 ) 
(Fig.  25.5 ). In some cases, this occurs with an 
intermediary appearance of small dome-shaped 
hyper-refl ective material that eventually fl attens 
(Amin  2006 ; Hashimoto and Kishi  2015 ). En 
face OCT at the level of the ellipsoid zone may 
display large patchy areas of hyporefl ection cor-
responding to the diffuse areas of EZ attenuation 
(de Bats et al.  2014 ).

a

b

  Fig. 25.4    Multiple evanescent white dot syndrome 
(MEWDS). ( a ) Spectral domain optical coherence tomog-
raphy (SD-OCT) shows multifocal areas of ellipsoid and 
interdigitation zone disruption ( white arrows ) correspond-

ing to hyporefl ective lesions on the infrared scout map. ( b ) 
SD-OCT with corresponding red-free showing disruption 
at the ellipsoid layer ( white arrows ) with associated 
increased thickness of the choroid ( white star )       
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25.3.2         Acute Posterior Multifocal 
Placoid Pigment 
Epitheliopathy (APMPPE) 

 Patients with this acute posterior multifocal placoid 
pigment epitheliopathy (APMPPE) present with 
multiple, deep, creamy-white plaques of ½ to 1 disc 
diameter in size in the posterior pole. Unilateral pre-
sentation may also occur. The creamy plaques may 
be represented on OCT as outer retinal hyper-refl ec-
tive material with sparing of the middle and inner 
retina (Scheufele et al.  2005 ; Souka et al.  2006 ) 

(Fig.  25.6 ). Marked anterior displacement of the 
neurosensory retina and retinal pigment epithelium 
(RPE) due to choroidal infl ammation may occur 
(Lim et al.  2006 ). Areas of turbid subretinal fl uid 
with overlying hyper-refl ective material on the RPE 
(Birnbaum et al.  2010 ; Lee et al.  2011 ) and large 
intra-retinal cysts (Montero et al.  2011 ) are also 
described in the acute phase (Fig.  25.7 ). Serous 
detachments may be so signifi cant as to mimic 
Vogt-Koyanagi- Harada disease (Wickremasignhe 
and Lim  2010 ). The fl uid may become loculated by 
dividing intra-retinal septa (Lee et al.  2011 ).

  Fig. 25.5    Multiple evanescent white dot syndrome (MEWDS). SD-OCT showing partial reconstitution of the outer 
retina 2 weeks after onset in a patient with MEWDS       

  Fig. 25.6    Acute posterior multifocal placoid pigment epitheliopathy (APMPPE). SD-OCT shows outer retinal hyper- 
refl ective material ( white arrows ) and disruption of outer retinal layers. Note sparing of the inner and middle retina       
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    In the convalescent phase, there is rapid resolu-
tion of the intra-retinal and subretinal fl uid 
(Birnbaum et al.  2010 ). This occurs in conjunction 
with disruption or loss of the IZ, EZ, ELM and outer 
nuclear layer (ONL). As further repair occurs, there 
is a variable restoration of outer retinal and RPE ele-
ments (Lee et al.  2011 ) with some cases displaying 
persistent thinning of the ONL, EZ attenuation and 
RPE atrophy (Scheufele et al.  2005 ) (Fig.  25.8 ).

25.3.3        Relentless Placoid 
Chorioretinopathy (RPC) 

 Relentless placoid chorioretinopathy (RPC) also 
known as ampiginous choroiditis is a related but 
distinct entity to APMPPE. Whilst initial presen-
tation may be similar, patients with ampiginous 

choroiditis have prolonged clinical course marred 
with multiple recurrences. In the acute stages, 
OCT over the placoid lesions can show pigment 
epithelial detachment associated with hyper- 
refl ectivity of the ganglion cell layer and the 
inner and the outer nuclear layers (Amer and 
Florescu  2008 ) (Fig.  25.9 ). In the resolution 
phase, OCT over the placoid scar shows RPE 
atrophy with associated window defect. However, 
in contrast to serpiginous chorioretinopathy, reti-
nal and choroidal thickness in RPC is preserved 
(Dolz-Marco et al.  2014 ) (Fig.  25.10 ).

25.3.4         Birdshot Chorioretinopathy 

 Birdshot chorioretinopathy (BCR) is a typically 
progressive posterior uveitis characterized by 

  Fig. 25.7    Acute posterior multifocal placoid pigment epitheliopathy. SD-OCT shows subretinal fl uid in acute APMPPE       

  Fig. 25.8    Acute posterior multifocal placoid pigment epitheliopathy. SD-OCT shows loss of outer nuclear layer, inter-
digitation zone and gross disruption of RPE ( white arrows ) in a patient with previous APMPPE       
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vitritis, small non-pigmented yellow-white spots 
predominantly of the nasal fundus and vasculitis 
and complicated by cystoid macular oedema 
(CMO). Macular oedema is a common vision- 
threatening complication of BCR. As described 
in a previous section, the oedema may be cystoid, 
diffuse, subretinal fl uid or related to epiretinal 
membrane (Monnet et al.  2007 ). Classic birdshot 
lesions can be subtly appreciated as increased 
transmission of OCT signal to the sclera through 

the RPE and choroid (Keane et al.  2013 ) 
(Fig.  25.11a ). Vitritis may be seen as hyper- 
refl ective foci in the lucent background of the vit-
reous cavity (Fig.  25.11b ). Patients with BCR 
may have suprachoroidal fl uid on EDI-OCT 
(enhanced depth imaging OCT), and there is evi-
dence that the amount of fl uid may correlate with 
photopsias (Birnbaum et al.  2014 ). Other features 
include EZ loss, RPE disruption, possible choroi-
dal thinning and outer retinal hyper-refl ective 

  Fig. 25.9    Relentless placoid chorioretinopathy (acute phase). SD-OCT with corresponding red-free showing hyper- 
refl ectivity of the irregular and disrupted outer retinal layers ( white arrow )       

  Fig. 25.10    Relentless placoid chorioretinopathy (resolution phase). SD-OCT with corresponding red-free showing 
disruption at the ellipsoid layer ( white arrow ) in resolution stages of RPC       
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a1

a2

b

  Fig. 25.11    Birdshot chorioretinopathy. ( ai ) SD-OCT 
with corresponding red-free showing hyper-refl ectivity of 
the outer retinal layers ( red circle ). ( aii ) Indocyanine 
green angiography (ICG) shows corresponding area as 

hypofl uorescent spot ( red arrow ). ( b ) SD-OCT showing 
BCR with associated vitritis manifesting as multiple 
hyper-refl ective dots in the vitreous space       
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lesions or ‘clumps’ (Keane et al.  2013 ). Such 
changes may occur outside the macula and 
require extra-macular scanning to be detected.

25.3.5        Serpiginous Choroiditis 

 This disorder is typically characterized by a pro-
gressive and recurrent infl ammation extending 
from the optic disc in a centrifugal manner. The 
active edge of infl ammation is a creamy-white 
colour in the deep layers. The old lesions are seen 
as atrophic with variable pigment change. It may 
be complicated by choroidal neovascularization 
(CNV). Active lesions appear as hyper- 
refl ectivities only in the outer retina (van 
Velthoven et al.  2006 ), disruption of the EZ and 
RPE (Arantes et al.  2011 ) (Fig.  25.12 ) or cystic 
macular oedema (Punjabi et al.  2008 ). En face 
OCT represents the new infl ammation as hyper- 
refl ectivity in the outer retina adjacent to the pre-
vious infl ammation (van Velthoven et al.  2006 ). 
Atrophic, chronic lesions are characterized by 
subsistence of the retina due to loss of outer reti-
nal elements such as the ONL, EZ and RPE 
(Arantes et al.  2011 ). Increased transmission 
through to the choroid is a secondary conse-
quence. Lesions complicated by CNV will dis-
play OCT evidence of CNV (Punjabi et al.  2008 ) 
depending on the duration of the neovasculariza-

tion and the involvement of the retina in the pri-
mary pathology.

   Fundus autofl uorescence is a useful adjunctive 
modality for identifying new lesions as hyper- 
autofl uorescent and chronic lesions as hypo- 
autofl uorescence or absent autofl uorescence 
(Arantes et al.  2011 ).  

25.3.6     Multifocal Choroiditis with 
Panuveitis and Punctate 
Inner Choroidopathy 

 Previously thought to be separate entities, it has 
been proffered that punctate inner choroidopathy 
(PIC) is indistinguishable from multifocal cho-
roiditis (MFC) (Spaide et al.  2013 ). Both mani-
fest multifocal white-yellow deep infi ltrates that 
may become punched-out scars but had previ-
ously been separated by the presence of visible 
infl ammatory cells, lesion size or refractive cor-
rection. For the purposes of this section, they 
will be considered together. Active lesions of 
MFC may appear as dome-shaped sub-RPE 
deposits, dehiscence of the RPE, subretinal infi l-
tration and/or loss of the EZ (Channa et al.  2012 ; 
Spaide et al.  2013 ; Vance et al.  2011a ). The cho-
roid appears largely uninvolved on multimodal 
imaging including EDI-OCT (Spaide et al.  2013 ) 
but may have increased transmission defects 

  Fig. 25.12    Serpiginous 
choroiditis. SD-OCT 
shows active 
infl ammation, seen as 
hyper-refl ective and 
disturbed outer retinal 
layers. The more chronic 
central foveal area has 
loss of outer retinal layers 
with increased 
transmission through to 
the choroid       
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from RPE disruption (Vance et al.  2011a ,  b ). 
Vitreal cells may be visible in the scans. 
Chronic lesions may show variable presence of 
the normal outer retinal lamellae or persistent 
elevation or the absence of the RPE (Channa 
et al.  2012 ; Spaide et al.  2013 ). CNV can com-
plicate MFC and it may be diffi cult to distin-
guish it from a new acute MFC lesion. CNV 
may be associated with subretinal heteroge-
neous material and round hyporefl ective struc-
tures suggestive of a vascular lumen (Spaide 
et al.  2013 ) (Fig.  25.13 ).

25.3.7        Acute Macular 
Neuroretinopathy (AMN) 

 Prior to OCT and infrared imaging, this condition 
was clinically detected as subtle, lobular macular 
red-brown retinal lesions in patients presenting 
with paracentral scotomas. 

 There are two subtypes of OCT appearance of 
acute macular neuroretinopathy (AMN):

    A.    Outer retinal AMN (Fig.  25.14 )
       B.    Middle maculopathy (Fig.  25.15 )

         A.    Outer retinal AMN was the fi rst to be demon-
strated with OCT. Time-domain OCT in the 
acute presentation showed hyper-refl ectivity 
of the outer retina (Feigl and Haas  2000 ). On 
spectral domain OCT (SD-OCT) in the very 
early presentation, there may be outer retinal 
hyper-refl ectivity followed by focal EZ, IZ 
and RPE disruption and ONL thinning on 
spectral domain machines (Monson et al. 
 2007 ; Fawzi et al.  2012 ; Hughes et al.  2009 ). 
The EZ re-establishes over time as the condi-
tion improves, but ONL thinning and IZ 
hyporefl ectivity thinning may persist (Fawzi 
et al.  2012 ; Vance et al.  2011b ).   

   B.    Middle maculopathy was identifi ed later in 
patients with the same demographics, clinical 
symptoms, fundoscopic fi ndings and infrared 
refl ectance patterns. OCT shows hyper- 
refl ectivity of the INL with shadowing of 

  Fig. 25.13    Multifocal 
choroiditis. Choroidal 
neovascularization (CNV) 
( white arrow ) complicat-
ing an old multifocal 
choroiditis (MFC) lesion. 
Note the subretinal fl uid 
and heterogeneous 
material       
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deeper structures but no focal attenuation 
(Sarraf et al.  2013 ). Convalescent images dis-
played subsequent atrophy of the INL (Sarraf 
et al.  2013 ). Whilst it was originally thought 
that this middle maculopathy might be 
pathognomonic, it has since been demon-
strated in retinal artery occlusion, central 
 retinal vein occlusion, prolonged globe com-
pression and haemoglobinopathies such as 
sickle cell disease, retinal vasculitis and 
Purtscher-like retinopathy (Chen et al.  2015 ; 
Rahimy et al.  2014 ; Yu et al.  2015 ).    

  It has been postulated that these two patterns 
represent capillary ischaemia from interruption of 
the superfi cial (inner) retinal capillary plexus or 
deep (outer) retinal capillary plexus (Yu et al.  2014 ).  

25.3.8     Acute Zonal Occult Outer 
Retinopathy (AZOOR) 

 The defi nition of AZOOR is variable. This sec-
tion refers to otherwise well patients with an ini-
tial presentation of photopsia or diminished night 

  Fig. 25.14    Outer retinal acute macular neuroretinopathy. SD-OCT shows discontinuity of the EZ ( white arrow ) in the 
central macular area which corresponds to an area of decreased refl ectivity on the infrared scout map       

  Fig. 25.15    Middle retina acute macular neuroretinopathy. SD-OCT shows hyper-refl ectivity in the inner nuclear layer 
( white arrow ) and corresponding to an area of decreased infrared refl ectance on the scout map       
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vision, well-defi ned scotoma or enlarged blind 
spot without any visible fundus abnormality or 
features consistent with alternative diagnoses. 

 OCT in the acute phase shows diffuse loss of 
ellipsoid zone and interdigitation zone in the 
involved area as determined by ERG, visual fi eld or 
autofl uorescence (Li and Kishi  2007 ; Mrejen et al. 
 2014 ). Treatment with local or systemic immune 
suppression has been shown to promote at least 
partial reconstitution of these lamellae in areas with 
intact outer nuclear layers (Spaide et al.  2008 ). 

 In the chronic phase, patients develop a trizo-
nal appearance with normal OCT outside the area 
of AZOOR, subretinal material in active areas and 
atrophy of photoreceptors, RPE and choroid in 
the chronic areas (Mrejen et al.  2014 ). Other stud-
ies with EDI-OCT report that choroidal thickness 
is unaffected but confi rm the attenuation of the 
ellipsoid zone and reduced or absent outer nuclear 
layer (Fujiwara et al.  2010 ). Epiretinal membrane 
is common (Fujiwara et al.  2010 ).  

25.3.9     Sarcoidosis 

 Sarcoidosis is a multisystem, idiopathic, non- 
caseating granulomatous disease. It may affect 
the anterior segment, retina, optic nerve or cho-

roid. On OCT imaging, retinal and optic nerve 
head granulomas appear as inner retinal, hyper- 
refl ective nodules protruding into the vitreous 
(Goldberg et al.  2015 ). The surrounding tissue is 
disturbed; there is reduced signal transmission to 
outer retinal structures, and there may be subreti-
nal fl uid (Goldberg et al.  2015 ). Lesions regress 
but may not ever completely dissolve (Goldberg 
et al.  2015 ). Choroidal granulomas may be identi-
fi ed on EDI-OCT as homogenous lesions that 
may be isorefl ective or hyporefl ective relative to 
the surrounding choroid (Invernizzi et al.  2015 ; 
Rostaqui et al.  2014 ). The overlying choriocapil-
laris is compressed (Modi et al.  2013 ). The lesions 
may be round or lobulated and only half will have 
well-defi ned margins (Invernizzi et al.  2015 ).  

25.3.10     Vogt-Koyanagi- Harada 
(VKH) Syndrome and 
Sympathetic Ophthalmia 

 Given their clinical, ophthalmological, histo-
pathological and imaging similarities, these two 
conditions shall be discussed together in the con-
text of OCT appearance. Choroidal thickening, 
an undulating RPE and serous retinal detach-
ments characterize the acute phase (Figs.  25.16  

  Fig. 25.16    Acute Vogt-Koyanagi-Harada (VKH) syndrome. SD-OCT shows serous detachment of the retina ( white 
star ) and loculated intra-retinal fl uid divided by subretinal strands ( white arrows )       
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and  25.17 ) (Fong et al.  2011 ; Ishihara et al. 
 2009 ). Wavy, hyper-refl ective lines traversing 
and bridging the entirety of the subretinal fl uid 
pockets can be seen (Tsjuikawa et al.  2005 ). 
These may represent fi brinous septa (de Smet 
and Rao  2005 ) and are responsible for the locu-
lation of fl uid compartments seen on fl uorescein 
fundus  angiography (FFA) (Yamaguchi et al. 
 2007 ). The EZ may be thickened and irregular 
(Gupta et al.  2009 ). Hyper-refl ective dots, poten-
tially representing small vessels of the chorio-
capillaris that are present in normal EDI-OCT, 
have been shown to be less numerous in the 
acute stage of disease (Fong et al.  2011 ). Single-
layer RPE analysis demonstrates small eleva-
tions that correspond to areas of punctate 
hyperfl uorescence on FFA, and troughs in the 
RPE correspond to hypofl uorescent lines on FFA 
(Gupta et al.  2009 ). Within a week of steroid 
therapy, serous retinal detachment starts to 
resolve (Fig.  25.18 ), and by 1 month, 75 % of 
detachments are completely resolved (Ishihara 
et al.  2009 ). EZ integrity is reconstituted more 
gradually and may take 3 months (Ishihara et al. 
 2009 ). In the convalescent phase, there is 
marked, rapid reduction in the choroidal thick-
ness to normal levels after initiation of steroid 
therapy within 3–14 days (Maruko et al.  2011 ). 
In chronic cases of VKH, the choroid is likely to 
be thinner than control eyes (da Silva et al. 
 2013 ). It may be possible to use EDI-OCT mea-
surements of choroidal thickness to gauge treat-
ment response or disease recurrence. 
Dalen- Fuchs nodules that are seen with both 

conditions have previously been characterized 
histologically into three types (Reynard et al. 
 1985 ). Type 1 consists of focal hyperplasia and 
aggregation of RPE cells. Type 2 consists of epi-
thelioid cells and lymphocytes covered by intact 
dome of RPE. Type 3 consists of degeneration of 
RPE and release of disorganized Dalen-Fuchs 
nodule into the subretinal space. With SD-OCT, 
it is possible to distinguish between the types; 
however the clinical signifi cance of the different 
types remains unclear (Figs.  25.19  and  25.20 ).

25.4             Infectious Posterior Uveitis 

25.4.1     Bacterial Posterior Uveitis 

25.4.1.1     Acute Syphilitic Posterior 
Placoid Chorioretinitis 

 In the acute phase of a macular placoid syphilitic 
lesion, the OCT demonstrates disruption or loss 
of the EZ and ELM (Brito et al.  2011 ) (Fig.  25.21 ). 
There may also be subretinal fl uid (Joseph et al. 
 2007 ; Pichi et al.  2014 ). The choroid can appear 
infi ltrated with hyper-refl ective dots and reduc-
tion in the number and size of visible vascular 
structures (Brito et al.  2011 ; Pichi et al.  2014 ).

   As the condition is treated, prominent nodular 
elevations of the RPE are seen (Pichi et al.  2014 ). 
After treatment is completed, the subretinal fl uid 
resolves, and the normal foveal lamination is 
restored (Brito et al.  2011 ; Joseph et al.  2007 ; 
Pichi et al.  2014 ) (Fig.  25.22 ). The choroidal 
infi ltration also resolves (Pichi et al.  2014 ). Rare 

  Fig. 25.17    Acute Vogt-Koyanagi-Harada syndrome. EDI-OCT shows a grossly thickened choroid in a patient with 
acute VKH       
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  Fig. 25.19    Vogt-Koyanagi-Harada (VKH) syndrome. SD-OCT with corresponding red-free showing type 2 Dalen- 
Fuchs nodules. Here the dome-shaped elevation has displaced but not disrupted the overlying RPE       

  Fig. 25.18    Acute Vogt-Koyanagi-Harada (VKH) syndrome. Acute VKH at presentation and after 3 days of intrave-
nous methylprednisolone. A dramatic reduction in the intra-retinal fl uid and retinal thickening is seen       
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cases may fail to recover normal foveal anatomy 
and are associated with a worse fi nal acuity (Pichi 
et al.  2014 ).

25.4.1.2        Tuberculous Chorioretinitis 
 The principal diffi culty with tuberculous (TB) 
uveitis is the confi rmation of a case. As such, the 
literature contains many potential or probable 
cases rather than defi nite cases. The OCT imaging 

itself is therefore coupled with this diagnostic 
uncertainty, and there are no proven pathogno-
monic imaging features. The following  paragraphs 
describe the various clinical appearances ascribed 
to TB uveitis and the corresponding imaging.

    A.    Focal TB chorioretinitis 
 A focal choroidal granuloma is seen as a local-
ized elevation and thickening of the choroid 

  Fig. 25.20    Vogt-Koyanagi-Harada (VKH) syndrome. 
SD-OCT with corresponding red-free of the right eye 
showing type 3 Dalen-Fuchs nodule, a dome-shaped ele-

vation that is associated with disruption of overlying reti-
nal pigment epithelial layer       

  Fig. 25.21    Acute syphilitic posterior placoid chorioretinitis. SD-OCT shows loss of the outer retinal elements and an 
infi ltrated appearance to the choroid ( white circle )       
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with possible subretinal fl uid (Goldberg and 
Jabs  2015 ; Saxena et al.  2013 ) (Fig.  25.23 ). 
Within the subretinal fl uid area, there may be a 
point of adhesion between the neurosensory 
retina and RPE-Bruch’s membrane with the 
overlying hyper-refl ective  retina (Salman et al. 
 2006 ) (Figs.  25.24  and  25.25 ).

         B.    Tuberculous serpiginous-like choroiditis 
(TB-SLC) 

   TB-SLC starts as unilateral, multifocal lesions 
that coalesce and involve the periphery 
(Vasconcelos- Santos et al.  2010 ) in compari-
son to the bilateral, disc centric lesions of clas-
sic serpiginous choroiditis (SC). 

 OCT imaging in TB-SLC is similar to clas-
sic SC. Active lesions show hyper-refl ective 
and blurred outer retinal layers and RPE. There 
may be some elevation of the retina and RPE 

  Fig. 25.22    Acute syphilitic posterior placoid chorioretinitis. SD-OCT 1 month after intravenous penicillin with almost 
complete reformation of the outer retinal lamellae       

  Fig. 25.23    Tuberculous chorioretinitis. SD-OCT showing a case of possible tuberculous choroidal granuloma. 
Evidence of subretinal fl uid with an area of adhesion between the retina and RPE-Bruch’s membrane ( white arrow )       
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by the underlying choroid (Rifkin et al.). As 
the lesions heal, the outer retina displays 
 irregular lumpy elevations that progresses to 
atrophy of the outer retina, RPE and choroid 
(Bansal et al.  2011 ; Rifkin et al.  2015 ).      

25.4.1.3      Bartonella henselae  
Neuroretinitis 

 Also called cat scratch disease (CSD), this condi-
tion is manifested clinically by optic nerve swell-

ing with the appearance of a macular star of 
exudate. In the acute phase, OCT demonstrates 
outer plexiform cystic oedema emanating from 
the disc and macular serous detachment (Habot- 
Wilner et al.  2011 ; Stewart et al.  2005 ). As the 
fl uid is reabsorbed in the convalescent phase, the 
lipid precipitates in the outer plexiform layer to 
form a macular star. The precipitates are seen as 
hyper-refl ective elements in the outer plexiform 
layer (Habot-Wilner et al.  2011 ).   

a b

  Fig. 25.24    Tubercular choroidal granuloma. ( a ) 
Pretreatment. SD-OCT showing elevated choroid with 
associated subretinal fl uid and adhesion between the neu-
rosensory retina and RPE-Bruch’s membrane. ( b ) Post- 

antitubercular treatment. Signifi cant reduction of both 
choroidal elevation and reduction in subretinal fl uid with 
antitubercular treatment       

  Fig. 25.25    Tuberculous choroidal granuloma. SD-OCT showing subretinal fl uid with an area of adhesion between the 
retina and RPE-Bruch’s membrane       

 

 

25 Uveitis



370

25.4.2     Viral Posterior Uveitis 

25.4.2.1     Herpes Retinitis 
 Herpes simplex virus (HSV), herpes zoster 
virus and cytomegalovirus (CMV) are poten-
tial causes of infectious necrotizing retinitis. 
This may be manifested as various clinical syn-
dromes including acute retinal necrosis (ARN) 
and progressive outer retinal necrosis (PORN). 
Most reports on OCT imaging relate to PORN 
and CMV retinitis because of diffi culty obtain-
ing quality OCT images of the peripheral ret-
ina and the presence of dense vitritis. Retinitis 
due to these herpes viruses all appears similar 
on OCT imaging in the acute phase. At pre-
sentation of an acute lesion with active white 
retinal necrosis, the OCT demonstrates outer 
retinal oedema and inner retinal hyper-refl ec-
tivity (Arichkia et al.  2016 ; Blair et al.  2007 ; 
Narayanan and Kuppermann  2006 ; Yeh et al. 
 2010 ) (Fig.  25.26 ). Over weeks to months 
with antiviral treatment, the retina undergoes 
cystic oedema and subsequent profound atro-
phy (Blair et al.  2007 ; Sun et al.  2012 ; Yeh 
et al.  2010 ). Due to the slower nature of CMV 
retinitis, the OCT images may display partial 
atrophy and infl ammation simultaneously. 
Figure  25.27  shows a resolved CMV retinitis.

  Fig. 25.26    Varicella zoster virus-related acute retinal 
necrosis (ARN). SD-OCT of the macula showing severe 
retinal thickening, inner retinal hyper-refl ectivity ( white 
star ) and disruption of outer retinal layers with associated 
subretinal fl uid ( white arrow ). Corresponding colour photo 
of the fundus showing vitreous haze, diffuse retinal oedema 
associated with scattered exudates and haemorrhages       

  Fig. 25.27    Cytomegalovirus-related retinitis. SD-OCT shows full-thickness loss of the lamellar retinal structure, 
hyper-refl ective inner retina and partial retinal thinning developing suggesting chronicity ( white circle )       
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25.4.2.2         Coxsackie Virus Maculopathy 
 Also known as unilateral acute idiopathic macu-
lopathy (UAIM), this condition has a strong asso-
ciation with coxsackievirus infection (Beck et al. 
 2004 ). Acute infection is seen as subfoveal neuro-
sensory retinal detachment with hyper- refl ective 
debris on the apical side of the RPE, possibly rep-
resenting photoreceptor outer segments (Jung 
et al.  2012 ). During convalescence, the neurosen-
sory detachment resolves, and the outer retinal 
layers appear disrupted (Jung et al.  2012 ). 

 In the resolved phase, there is almost complete 
restoration of foveal anatomy but with some 
residual disruption of the EZ (Srour et al.  2013 ). 
The RPE may appear slightly elevated and thick-
ened (Srour et al.  2013 ).  

25.4.2.3     Dengue Maculopathy 
 Dengue fever can cause ocular complications in 
up to 10 % of patients (Su et al.  2007 ). Acute mac-
ular fi ndings in such cases can include diffuse 
retinal thickening, cystoid macular oedema or a 
foveolitis seen as thickening and high refl ectivity 
of the outer retina (Teoh et al.  2010 ) (Fig.  25.28 ). 
Return to normal anatomy occurs over 1 month, 
but up to 60 % have persistent paracentral scoto-
mas at 2 years (Teoh et al.  2010 ).

25.4.3         Fungal Posterior Uveitis 

25.4.3.1     Candida Chorioretinitis 
 Ocular candidiasis may present with predomi-
nantly vitreal pathology with or without chorio-
retinal lesions. In cases with chorioretinal 
abscesses, early or small lesions show protrusion 
of material at the level of the RPE into the outer 
retina. More signifi cant lesions may demonstrate 
a hyper-refl ective, elevated lesion protruding into 
the vitreoretinal interface with signifi cant shad-
owing of the underlying layers (Cho et al.  2007 ). 
Elevation of the adjacent RPE suggests a choroi-
dal origin (Lavine and Mititelu  2015 ). In the 
resolved state, smaller lesions gradually regress 
with reformation of the external limiting mem-
brane but with residual RPE irregularity (Cho 
et al.  2007 ). The more advanced lesions also 
regress with fl attening of the vitreoretinal protru-

sion, and the affected retina is replaced by a 
 full- thickness hyper-refl ectivity indicative of scar 
formation (Lavine and Mititelu  2015 ).   

25.4.4     Parasitic Posterior Uveitis 

25.4.4.1     Toxoplasmic Retinochoroiditis 
 Acute toxoplasmosis infection by replicating 
tachyzoites may produce two clinical manifesta-
tions: classic toxoplasmic retinochoroiditis and 
punctate outer retinal toxoplasmosis (PORT).

    A.    Classic retinal toxoplasmosis 
 Acute retinal infection will be represented on 
OCT as thickening, hyper-refl ectivity and 
disruption of the entire neurosensory retina 
that gives a ‘smudge’-like appearance 
(Fig.  25.29 ) (Goldenberg et al.  2013 ; Oréfi ce 
et al.  2006 ). The full-thickness involvement 
of the retina helps distinguish toxoplasmic 
retinal infection from a cotton wool spot that 
shows relative sparing of the outer retina 
(Kurup et al.  2014 ). Other fi ndings include 
possible subretinal fl uid (Diniz et al.  2011 ) 
and thickening of the posterior hyaloid with 
partial detachment over the lesion 
(Goldenberg et al.  2013 ). The underlying 
choroid is signifi cantly thickened on enhanced 
depth imaging optical coherence tomography 
(EDI- OCT) scans, and this returns to normal 
during resolution (Goldenberg et al.  2013 ). In 
some eyes, hyper-refl ective spherical deposits 
may be detected at the vitreoretinal interface. 

  Fig. 25.28    Dengue maculopathy. SD-OCT shows 
‘foveolitis’ and mild cystic oedema ( white circle )       
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These may be remote from the infective focus 
and may occur along retinal vessels (Guagnini 
et al.  2007 ; Oréfi ce et al.  2013 ). As the lesion 
heals, these deposits may be incorporated 
into the inner retina and then dissolved 
(Goldenberg et al.  2013 ).

       B.    Punctate outer retinal toxoplasmosis (PORT) 
   Acute infection of the outer retina and RPE 

appears as hyper-refl ectivity of the inner ret-
ina with shadowing of the outer retina and a 

focally detached posterior hyaloid face 
(Oréfi ce et al.  2007 ). There may also be sub-
retinal fl uid accumulation and fl uid accumula-
tion in the outer retina in a cystic-like 
appearance (Lujan  2014 ). 

 For both subtypes, as the lesion heals, there 
is further separation of the hyaloid, epiretinal 
membrane formation, retinal thinning and per-
manent loss and disorganization of the outer 
retinal elements (Fig.  25.30 ) (Diniz et al.  2011 ; 

  Fig. 25.30    Toxoplasmic retinochoroiditis. SD-OCT, 3 weeks after initial presentation and with treatment, shows full- 
thickness retinal disorganization and atrophy on the nasal side of the fovea       

  Fig. 25.29    Toxoplasmic retinochoroiditis. SD-OCT shows full-thickness involvement of neurosensory retina with a 
‘smudge-like’ appearance in the acute phase ( white arrow ) and vitreal cells       
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Oréfi ce et al.  2006 ). The residual scar may 
demonstrate various appearances  including 
retinal atrophy and disorganization with thin-
ning, an elevated retinal scar, deep (outer) reti-
nal scar with excavation or a combination of 
these patterns (Goldenberg et al.  2013 ). Some 
patients may develop vitreomacular traction 
(Oréfi ce et al.  2006 ) or potential full- thickness 
macular hole (Panos et al.  2013 ).

25.4.4.2            Other Parasitic Infections 
     A.     Toxocara  

 Acute  Toxocara  infection has been imaged as a 
mobile hyper-refl ectivity on the inner retinal 
surface protruding into the vitreous (Sukuzi 
et al.  2005 ; Hashida et al.  2014 ). A signifi cant 
granulomatous retinal reaction can occur and 
appears as hyper-refl ectivity in the subretinal 
space or on the retinal surface (Shimzu et al. 
 2005 ). A tractional retinal fold emanating from 
the granuloma may be observed and on OCT 
appears as a diffusely hyper-refl ective area of 
the elevated retina and surrounding subretinal 
fl uid (Verallo et al.  2012 ; Shimzu et al.  2005 ).   

   B.    Diffuse unilateral subacute neuroretinitis 
(DUSN) 

   This is a clinical presentation of unilateral 
retinal wipeout due to a retinal worm infec-
tion. OCT in late-phase disease demonstrates 
predominantly inner retinal thinning with loss 

of retinal nerve fi bre layer (Garcia Filho et al. 
 2012 ). On OCT the worm may appear as a 
hyper- refl ective outer retinal structure with 
surrounding disturbance of retinal lamellae 
(Garcia Filho et al.  2012 ). Another case has 
shown the worm residing on the retinal sur-
face (Cunha et al.  2010 ).        

25.5     Haemorrhagic Occlusive 
Retinal Vasculitis (HORV) 

 A recently described entity, haemorrhagic occlu-
sive retinal vasculitis (HORV), occurs postoper-
atively and is associated with intraocular use of 
vancomycin (Witkin et al.  2015 ). Clinically, the 
condition may mimic viral retinitis, postopera-
tive endophthalmitis or toxic anterior segment 
syndrome. The difference is the relative lack 
of pain and anterior segment infl ammation 
in the presence of severe retinal changes. 
Prognostically, these patients have very poor 
visual outcome and often are complicated with 
neovascular glaucoma. Early OCT changes may 
show serous retinal detachment, disruption of 
the outer retinal layers and increased macular 
oedema with hyper- refl ective inner retina 
(Witkin et al.  2015 ) (Fig.  25.31 ). Later OCT may 
show resolution of retinal oedema and hyper-
refl ectivity. Hyper- refl ective lesions representing 

  Fig. 25.31    Haemorrhagic occlusive retinal vasculitis (HORV). SD-OCT with corresponding red-free showing thicken-
ing of all retinal layers with hyper-refl ectivity of the inner retinal layers ( white star ) suggesting retinal ischaemia       
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hard exudates in the outer plexiform layer may 
persist (Witkin et al.  2015 ). Months after onset, 
OCT may show diffuse atrophy of all retinal lay-
ers and loss of outer retinal layers (Figs.  25.32  
and  25.33 ).

25.6          Posterior Scleritis 

 Posterior scleritis is a specifi c form of scleral 
infl ammation with very variable clinical presen-
tation. Up to one third of patients with posterior 

  Fig. 25.33    Haemorrhagic occlusive retinal vasculitis. 
Corresponding FFA of both the left and right eye with 
HORV. The right showing complete non-perfusion of reti-

nal circulation 6 months following HORV, whilst the left 
showing staining of retinal vessels with minimal perfu-
sion beyond 1 disc diameter from the disc       

  Fig. 25.32    Haemorrhagic occlusive retinal vasculitis. 
SD-OCT of the right eye 6 months following HORV 
shows severe retinal thinning of all layers with loss of 

outer retinal layers. Note hyper-refl ective spot in the outer 
plexiform layer representing hard exudate       
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scleritis have systemic association such as rheu-
matoid arthritis, granulomatosis with polyangi-
itis, relapsing polychondritis, etc. Clinical 
features of posterior scleritis are characterized 
most frequently by serous retinal detachment, 
swollen optic disc (Fig.  25.34 ), localized subreti-
nal granuloma and uveitis. Nodular posterior 
scleritis presents as nodular subretinal mass 
which can be imaged on OCT (Fig.  25.35 ). This 
can be associated with retinal pigment epithelial 

changes, subretinal fl uid, macular oedema and 
choroidal folds (Agrawal et al.  2016 ). OCT fi nd-
ings in scleritis are typically nonspecifi c, and 
other imaging modalities, e.g. ultrasound and CT, 
are used to show focal choroidal thickening. 
Studies reporting on OCT features in posterior 
scleritis are rare. OCT may show choroidal thick-
ening with associated cystic subretinal spaces 
which typically resolves with treatment (Erdol 
et al.  2008 ).

  Fig. 25.34    Posterior scleritis. SD-OCT showing swollen optic disc associated with nodular posterior scleritis       

  Fig. 25.35    Posterior scleritis. SD-OCT of the right optic 
nerve showing disc swelling associated with nodular pos-
terior scleritis ( visible on red-free ). SD-OCT raster over 

the lesion showing focal choroidal elevation ( white arrow ) 
and intra-retinal fl uid       
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25.7         Masquerade Syndromes 

25.7.1     Intraocular Lymphoma 

 Primary CNS lymphoma is an important differ-
ential for panuveitis. Whilst confi rmatory test-
ing will require vitreous biopsy or lumbar 
puncture, various authors have described longi-
tudinal OCT features that may point to a diag-
nosis of PCNSL (Liu et al.  2012 ). Early OCT 
may show hyper- refl ective material within the 

outer retina that obscures EZ and ELM and 
increased irregularity in the RPE (Fig.  25.36 ). 
This is associated with disruption to the outer 
nuclear layer and outer plexiform layer (Liu 
et al.  2012 ). Later OCTs may show RPE eleva-
tion accompanied by heterogeneous, hyper-
refl ective sub-RPE deposits. Importantly, retinal 
and subretinal deposits may resolve with treat-
ment-making OCT a useful modality to monitor 
treatment response (Forooghian et al.  2011 ) 
(Fig.  25.37 ).

  Fig. 25.36    Intraocular lymphoma. Pretreatment SD-OCT showing hyper-refl ectivity above the RPE ( red arrow ) with 
loss of EZ and ELM. Note also the increase irregularity of RPE temporally ( white arrow )       

  Fig. 25.37    Intraocular lymphoma. Posttreatment SD-OCT showing reduction in hyper-refl ectivity deposit above RPE 
( red arrow ) and signifi cant reduction in RPE irregularity ( white arrow )       
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26.1         Introduction 

 Advances in ophthalmic imaging improved diag-
nosis and management of ocular tumors. Optical 
coherence tomography (OCT) is a powerful 
imaging technique that provides cross-sectional 
imaging of the internal microstructures of bio-
logical tissues (Huang et al.  1991 ). Spectral 
domain OCT (SD-OCT) has replaced traditional 
time domain OCT providing high-resolution, 
high-sensitivity, and high-speed imaging (up to 
40,000 scans per second). Such implementations 

enable noninvasive and noncontact visualization 
and measurement of the microstructures of the 
human eye. Recently, software upgrades and new 
imaging techniques have improved the ability to 
better evaluate intraocular tumors by allowing 
longer scan lengths, enhanced depth imaging 
(EDI), and three-dimensional reconstruction. In 
ocular oncology, OCT provides tools for diagno-
sis, treatment planning, and monitoring response.  

26.2     Conjunctival and Corneal 
Tumors 

 Ocular surface lesions may be benign or carry 
signifi cant morbidity. The correct diagnosis 
approach may demand clinical examination 
and adjunctive tests. The gold standard is 
obtaining a biopsy but it represents an invasive 
diagnostic technique. Anterior segment OCT 
can provide valuable information in the diag-
nosis of various tumors of the cornea and con-
junctiva. Conjunctival nevi are one of the most 
common benign tumors of the ocular surface. 
On histopathology, a nevus typically consists 
of nests of nevus cells that are present in the 
junctional and subepithelial area of the con-
junctiva. Conjunctival inclusion cysts are char-
acteristic for nevi and may be observed 
clinically. Anterior segment OCT enables 
high-quality imaging of  conjunctival nevi to 
reveal all margins, thickening of the conjunc-
tiva, and the presence of the typical intrale-
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sional cysts (Fig.  26.1 ). One of the main 
disadvantages of OCT is the optical shadowing 
of deeper structures caused by pigment in con-
junctival nevi. Ultra-high-resolution spectral-
domain reveals a highly refl ective lesion, cysts 
within subepithelial tissue and an obscured 
posterior border due to the shadow caused by 
pigmentation (Shousha et al.  2013 ).

   Clinically, ocular surface squamous neopla-
sia (OSSN) presents as elevated, papillary, 
gelatinous, or leukoplakic lesions. Diagnosis of 
these lesions can sometimes be challenging, 
and the use of noninvasive methods such as 
anterior segment OCT and ultrasound biomi-
croscopy has proven very useful (Thomas et al. 
 2014 ). A small pilot study involving the uterine 
cervix demonstrated the ability of OCT to dis-

tinguish abnormal epithelium from normal epi-
thelium in the examination of cervical tissue 
(Gallwas et al.  2011 ). Kieval et al. ( 2012 ) inves-
tigated the use of an ultrahigh-resolution OCT 
as an adjuvant diagnostic tool in distinguishing 
ocular surface squamous neoplasia and pterygia 
(Fig.  26.2 ) (Kieval et al.  2012 ). Preoperative 
ultrahigh-resolution OCT images demonstrated 
similarities to the histopathologic specimens. 
Thomas et al. utilizing ultrahigh-resolution 
OCT demonstrated that OSSN presents a thick-
ened layer of the epithelium, often with an 
abrupt transition from normal to neoplastic tis-
sue. Differences in the measured epithelial 
thickness on ultrahigh-resolution OCT between 
squamous cell carcinoma and pterygia were 
statistically signifi cant. Shousha et al. evalu-
ated pterygia and through ultrahigh-resolution 
OCT imaging observed normal-thickness epi-
thelium and a highly hyperrefl ective layer 
between the epithelium and Bowman’s layer. 

a

b

  Fig. 26.1    ( a ) Conjunctival nevus with cyst. ( b ) Anterior 
segment OCT presents thickening of the conjunctiva and 
intralesional cyst       

a

b

  Fig. 26.2    ( a ) Ocular surface squamous neoplasia: clini-
cal appearance. ( b ) Anterior segment OCT reveals thick-
ened epithelium crossing the limbus from the conjunctiva 
to the cornea       
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Scleral lesions can be visualized partially by 
OCT (Shousha et al.  2013 ).

26.3        Anterior Uveal Tumors 

 Imaging technologies for anterior segment 
tumor evaluation provide useful information 
with regard to tumor size, shape, internal fea-
tures, and extension. Anterior segment OCT has 
proven to be an important tool for diagnosis and 
analysis (Fig  26.3 ). Ultrasound biomicroscopy 
(UBM) represents another well-established 
method of imaging (Hood et al.  2011 ). Few clin-
ical studies compared the usefulness of OCT 
and UBM in the evaluation of ciliary body and 

iris tumors. Siahmed et al. observed that UBM 
provided a precise measurement and regular 
surveillance capabilities compared with OCT 
(Razzaq et al.  2011 ). Pavlin et al. published a 
series of patients with iris and ciliary body 
tumors that were evaluated with both UBM and 
OCT and described that UBM had a superior 
ability to penetrate larger, highly pigmented 
tumors and those located in the ciliary body 
(Pavlin et al.  2009 ). Bianciotto and coworkers 
also reported UBM as a superior method for 
imaging of anterior segment tumors, such as 
ciliary body and iris melanoma, since it enabled 
visualization of all tumor margins and fewer 
problems with posterior shadowing and pre-
sented better resolution (Bianciotto et al.  2011 ).

a

c

b

  Fig. 26.3    ( a ) Pigmented iris melanocytoma. ( b ,  c ) Anterior segment OCT shows hyperrefl ectivity with shadowing 
and obscuration of the posterior margin       
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26.4        Intraocular Tumors 

26.4.1     Retinal and Retinal Pigment 
Epithelial Tumors 

26.4.1.1     Congenital Hypertrophy 
of the Retinal Pigment 
Epithelium 

 Congenital hypertrophy of the retinal pigment 
epithelium (CHRPE) presents as a pigmented 
lesion with benign behavior, rarely associated 
with visual symptoms. Usually it is unilateral but 
can occasionally be multifocal or grouped. Due to 
its peripheral location, OCT imaging is diffi cult 
but the typical appearance is of thickened RPE 
layer (Fig.  26.4 ). Shields and colleagues described 
overlying retinal thinning and photoreceptor loss 
in patients with CHRPE (Shields et al.  2006 ).

26.4.1.2        Combined Hamartoma 
of the Retina and Retinal 
Pigment Epithelium 

 Combined hamartoma of the retina and RPE 
presents as an elevated gray mass of the retina 
that blends with the surrounding retina and RPE 
without retinal detachment or vitreous infl amma-
tion. It is associated with preretinal fi brosis and 
traction on the adjacent retina. Spectral domain 
OCT reveals an elevated hyperrefl ective mass in 
the retina with mild attenuation of the retinal pig-

ment epithelium and photoreceptor inner seg-
ment/outer segment junction and may be 
accompanied by a hyperrefl ective epiretinal 
membrane (Brue et al.  2013 ; Huot et al.  2009 ; 
Shields et al.  2005a ). Schachat and associates 
from the Macula Society observed vascular tortu-
osity, vitreoretinal surface abnormalities, and 
pigmentation (Schachat et al.  1984 ).  

26.4.1.3     Retinal Astrocytic 
Hamartoma 

 Retinal astrocytic hamartoma (astrocytoma) is a 
vascularized, benign, glial tumor of the retina 
that can be acquired or congenital. Acquired 
astrocytic hamartomas appear as yellow-white 
mass of the inner retina, lack calcifi cation, and 
can be associated with macular edema, exuda-
tion, and retinal traction. Congenital astrocytic 
hamartomas acquire calcifi cation and are associ-
ated with tuberous sclerosis. SD-OCT shows a 
thickened inner retina, some disorganization of 
the inner and outer retinal layers, and an intact 
RPE and choriocapillaris underlying the tumor 
(Fig.  26.5 ) (Kimoto et al.  2008 ). Calcifi ed tumors 
have higher refl ectivity.

26.4.1.4        Retinal Cavernous 
Hemangioma 

 Cavernous hemangioma is a benign retinal vas-
cular tumor that presents as dark-red saccular 

a b

  Fig. 26.4    ( a ) Fundus appearance of congenital hypertrophy of the retinal pigment epithelium (RPE). ( b ) OCT appear-
ance of the thickened RPE layer       
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aneurysms. It can be associated with vitreous 
hemorrhage, preretinal fi brosis, or vascular 
occlusion. OCT shows a lobulated inner retina 
with optically clear spaces representing the 
saccular aneurysms. The underlying RPE is 
intact and subretinal fl uid is typically absent 
(Fig.  26.6 ) (Andrade et al.  2005 ; Shields et al. 
 2005c ).

26.4.1.5        Retinal Capillary 
Hemangioma 

 Retinal hemangioblastoma (capillary hemangi-
oma) is an orange circumscribed vascular lesion 
with dilated feeding artery and draining vein that 
can affect any part of the ocular fundus. Small 
tumors appear as red dots or as retinal telangiec-
tasia. They may occur sporadically or can be 
associated with Von Hippel-Lindau disease. The 
value of OCT evaluation of these lesions lies in 
identifying and monitoring retinal changes. OCT 
shows a hyperrefl ective lesion with little inner 
tumor detail, but is useful to detect associated 
macular edema, epiretinal membrane, and sub-
retinal fl uid (Shields et al.  2005c ).  

26.4.1.6     Retinal Vasoproliferative 
Tumor 

 Vasoproliferative tumors of the retina are usu-
ally unilateral, yellow-red colored, located in the 
inferotemporal periphery with minimally dilated 

a b

  Fig. 26.5    ( a ) Retinal astrocytic hamartoma. ( b ) Thickened inner retina with disorganization of the inner and outer reti-
nal layers       

a

b

  Fig 26.6    ( a ) Retina cavernous hemangioma. ( b ) 
Epiretinal membrane bridging over multiple cystic spaces 
within inner and outer retinal layers       
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or nondilated feeding artery and draining vein 
in contrast to hemangioblastoma. Associated 
changes are exudative retinal detachment, macu-
lar edema, retinal fi brosis, hyper- and hypopig-
mentation of the RPE, and cellular infi ltrates in 
the vitreous. Due to its peripheral location, many 
vasoproliferative tumors cannot be imaged requir-
ing advanced changes in the OCT scan length. 
Posterior lesions demonstrate retinal inner layer 
disorganization and posterior shadowing. Vision 
loss is usually due to epiretinal membrane or exu-
dative macular detachment, and OCT is useful to 
identify these changes and  follow up during treat-
ment. Following successful ablation of the vaso-
proliferative tumor, regression of the associated 
retinal exudative changes occurs.   

26.4.2     Optic Disk Melanocytoma 

 Optic disk melanocytoma (ODM) is a benign 
deeply pigmented lesion that usually occurs in 
the optic nerve head. Histological studies have 
shown malignant transformation into melanoma 
in 1–2 % of cases, which causes progressive 
growth and severe visual loss. ODM sometimes 
causes complications such as central retinal vas-
cular obstruction. OCT images show an elevated 
dome-shaped mass with dense posterior shadow-
ing and a gradual slope at the tumor margin. 
Shields et al. examined optic disk melanocyto-

mas using time domain OCT and found typical 
features of a gradually sloped nodular elevation 
with a hyperrefl ective anterior surface and dense 
posterior shadowing portraying an optically 
empty mass (Fig.  26.7 ) (Saxena et al.  2010 ; 
Shields et al.  2008 ).

26.4.3        Choroidal Tumors 

26.4.3.1     Choroidal Nevus 
 Choroidal nevi are the most common intraocular 
tumors and usually do not cause visual symp-
toms. Nevi are pigmented round subretinal 
lesions, with smooth margins and frequently 
present with overlying drusen, measuring less 
than 5 mm in basal diameter and 1 mm in thick-
ness. They are benign lesions but can undergo 
malignant transformation. Factors predictive of 
nevus transformation into melanoma are juxta-
papillary location, orange pigment, thickness 
greater than 2 mm, the presence of subretinal 
fl uid, and visual symptoms. OCT is able to detect 
retinal and anterior choroidal changes that 
include retinal thinning, retinal edema, subretinal 
fl uid, RPE detachment, and drusen. The choroi-
dal fi ndings are limited to the anterior surface and 
include hyporefl ectivity in most of the cases. 
OCT evaluation is more sensitive than clinical 
examination to detect retinal edema, subretinal 
fl uid, retinal thinning, and RPE detachment. 

a b

  Fig. 26.7    ( a ) Optic disk melanocytoma. ( b ) The inner layers of the retina appear to be thickened with disorganization 
of outer layers. The RPE is intact with normal underlying choroid       
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Also, it helps to determine the status of photore-
ceptor and to characterize retinal edema (cystoid 
versus non-cystoid). Drusen, which are clinically 
visible, are evidenced by OCT as small dome- 
shaped elevations at the level of Bruch’s mem-
brane (Shields et al.  2005b ).  

26.4.3.2     Indeterminate Melanocytic 
Lesions 

 Indeterminate melanocytic lesions (IMLs) are 
pigmented choroidal lesions between 1 and 3 mm 
in thickness and present a diagnostic challenge. 
IML can correspond to a large nevus or a choroi-
dal melanoma. OCT is able to detect some of the 
features predictive of growth such as thickness 
greater than 2 mm, presence of orange pigment 
and subretinal fl uid, and absence of drusen. Singh 
and associates used spectral domain OCT to 
describe accumulation of subretinal deposits cor-

responding to orange pigment over a small IML 
that had not been observed with time domain 
OCT (Fig.  26.8 ) (Singh et al.  2010 ). Lesions less 
likely to grow present chronic retinal changes 
such as thinned retina with intraretinal cysts and 
RPE thickening. Hyperautofl uorescence corre-
lates to OCT fi ndings of lipofuscin or subretinal 
fl uid (Fig.  26.9 ) (Singh et al.  2010 ).

26.4.3.3         Choroidal Melanoma 
 Uveal melanoma is the most common primary 
intraocular malignant tumor, and 90 % develop 
in the choroid. They often present as a pig-
mented, elevated, choroidal mass. OCT imag-
ing provides better evaluation of the retina and 
anterior surface of the tumor. The limitation of 
OCT for choroidal melanoma lies in the inabil-
ity to image past the anterior choroidal surface. 
Subretinal fl uid is an important characteristic 

a c

d

b

  Fig. 26.8    ( a ) Indeterminate choroidal melanocytic lesion: fundus appearance. ( b ,  c ) Spectral domain OCT shows sub-
retinal fl uid and deposits. ( d ) Autofl uorescence after transpupillary thermotherapy (TTT) treatment       
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related to underlying choroidal melanoma, may 
be detectable by OCT in almost all cases, and is 
a signifi cant risk factor for metastasis (Muscat 
et al.  2004 ; Espinoza et al. ( 2004 )). The clinical 
differentiation between small choroidal mela-
nomas and choroidal nevi can be very challeng-
ing, and the use of OCT imaging can help 
elucidate the diagnosis. Shields et al. presented 
features that were more often found with small 
choroidal melanoma compared with choroidal 
nevus such as increased tumor thickness, sub-
retinal fl uid, subretinal lipofuscin deposition, 
and RPE atrophy (Shields et al.  2012 ). Sayanagi 
et al. used 3D spectral domain OCT and found 
a signifi cantly higher prevalence of subretinal 
fl uid (91 % versus 14 %), retinal edema (61 % 
versus 14 %), and subretinal deposits (61 % ver-
sus 11 %) in choroidal melanoma compared 
with nevi (Sayanagi et al.  2011 ). Spectral 

domain OCT was also capable of detecting 
early vitreous seeding as highly refl ective sphe-
roidal bodies in the vitreous. OCT has been 
used to monitor retinal changes related to com-
plications of radiotherapy like macular edema, 
which can be present in 61 % of the cases, 24 
months after treatment or retinal atrophy. 
Horgan et al. performed pre- and postplaque 
radiotherapy OCT and found that the mean time 
to the onset of radiation maculopathy was 12 
months (Horgan et al.  2008 ).

26.4.3.4       Choroidal Osteoma 
 Choroidal osteoma is a benign osseous tumor 
reported in young females. The tumor is 
located in the juxtapapillary region or macula 
and presents an orange-yellow color when cal-
cifi ed and as a white tumor when decalcifi ed. 
Complications of choroidal osteoma that cause 

a

c

b

  Fig. 26.9    ( a ) Indeterminate choroidal melanocytic lesion 
(small choroidal melanoma). Orange pigmentation (lipo-
fuscin) on fundus photograph. ( b ) Hyperautofl uorescent 
spots on fundus autofl uorescence image. ( c ) Spectral 

domain OCT. Deposition of hyperrefl ective material near 
the retinal pigment epithelium and in the outer retina 
(Reproduced with permission from Singh et al.  2010 )       
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vision loss are related to the tumor decalcifi ca-
tion and include neovascular membranes and 
retinal changes (subretinal fl uid or photorecep-
tor loss) both identifi able by OCT imaging. 
Shields and coworkers reported OCT features 
of choroidal osteoma that included heterogene-
ity that depended upon the amount of tumor 
calcifi cation (Shields et al.  2007 ). The internal 
structure of choroidal osteoma is diffi cult to 
evaluate with OCT when hyperpigmentation is 
present. Another important characteristic that 
may limit OCT evaluation is calcifi cation of 
the tumor. Calcifi ed portions of the tumor 
reveal mostly intact inner (100 %) and outer 
(95 %) retinal layers, a distinct RPE (57 %), 
and mild transmission of light (95 %) 
(Fig.  26.10 ). In contrast, decalcifi ed portions 

of the tumor reveal intact inner retinal layers 
(90 %), thinned outer retinal layers (100 %), an 
indistinct RPE (90 %), and marked light trans-
mission into the tumor (70 %). The anterior 
tumor surface was hyperrefl ective in 48 % and 
isorefl ective in 52 % if calcifi ed, but was mostly 
hyperrefl ective (90 %) when decalcifi ed 
(Shields et al.  2007 ).

26.4.3.5        Choroidal Metastasis 
 The choroid is a common site of metastasis due to 
its vascularization. Clinically, choroidal metastasis 
appears as a solitary, nonpigmented choroidal 
mass. On OCT examination, a dome-shaped ele-
vation of the RPE and retina with adjacent subreti-
nal fl uid is observed. Retinal changes on OCT 
include retinal edema, intraretinal cysts, thicken-

a

b

  Fig. 26.10    ( a ) Choroidal osteoma.  (b ) OCT image reveals irregularity of external retinal layers, retinal pigment epi-
thelium and choriocapillaris       
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ing, and detachment of the RPE. Arevalo and col-
leagues reviewed retinal changes associated with 
choroidal metastasis using time domain OCT and 
found highly refl ective points within neurosensory 
detachment in 14.2 % of cases and concluded that 
these points “may correspond to retinal compro-
mise by cancer cells or macrophages containing 
lipofuscin and melanin granules”(Arevalo et al. 
 2005 ). Demirci et al. presented enhanced depth 
imaging optical coherence tomography imaging 
features of 24 choroidal metastatic tumors such as 
thinning of the choriocapillaris over the metastatic 
tumor (100 %), plateau-shaped tumor elevation, 
low internal optical refl ectivity, and partial choroi-
dal shadowing deep to the tumor (Demirci et al. 
 2013 ). Spaide et al. demonstrated through 
enhanced depth imaging that choroidal metastasis 
revealed a low refl ective band in the deeper cho-
roid with enlargement of the suprachoroidal space 
(Spaide et al.  2008 ). OCT imaging is especially 
useful in small metastatic tumors, can be more 
sensitive than ultrasonography, and can monitor 
retinal changes after the treatment such as resolu-
tion of subretinal fl uid and retinal atrophy.  

26.4.3.6     Choroidal Hemangioma 
 Circumscribed choroidal hemangioma is a 
benign vascular tumor usually orange col-
ored, round, and located in the posterior pole. 
These lesions are hyporeflective on OCT but 
usually exhibit overlying retinal edema, sub-
retinal fluid, and RPE alterations second-
ary to tumor leakage (Shields et al.  2008 ). 
Ramasubramanian et al. described OCT find-
ings in circumscribed choroidal hemangioma 
and found subretinal fluid (19 %), retinal 
edema (42 %), retinoschisis (12 %), macular 
edema (24 %), and localized photoreceptor 
loss (35 %) (Ramasubramanian et al.  2010 ). 
OCT shows preserved photoreceptors and nor-
mal retinal thickness if the leakage is acute and 
degenerated photoreceptors, retinoschisis, and 
intra-retinal edema if the leakage is chronic 
(Say et al.  2011 ). Spaide et al. described that 
circumscribed choroidal hemangioma pre-
sented low/medium reflectivity and a homog-
enous signal with large intrinsic spaces on 
enhanced depth imaging (Spaide et al.  2008 ). 

OCT has been used to monitor response to 
treatment by photodynamic therapy, trans-
pupillary thermotherapy, plaque radiation, or 
laser photocoagulation (Fig.  26.11 ).

     Conclusions 

 OCT presents as pivotal in the practice of 
ophthalmology. Advances in imaging tech-
niques enable faster and more precise diag-
nosis, treatment planning, and better 
follow-up. Through OCT, the ophthalmolo-
gist can identify tumor margin, surface, and 

a

b

c

  Fig. 26.11    ( a ) Circumscribed choroidal hemangioma. 
( b ) Spectral domain OCT (Topcon1000). There is eleva-
tion of retina/choroid complex with nonspecifi c signals 
from the underlying choroid. ( c ) Spectral domain OCT – 
EDI technique (inverted). Note a low to medium refl ective 
signal from the lesion. Small and large spaces (possibly 
vascular) are also identifi ed within the tumor (Reproduced 
with permission from Torres et al.  2011 )       
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alterations such as thickening of the overly-
ing epithelium and recognition of secondary 
features like conjunctival cysts. In cases of 
posterior iris and ciliary body tumors, OCT 
tends to be inferior to UBM. The limitations 
of imaging in intraocular tumors are hyper-
pigmentation and calcifi cation. Enhanced 
depth imaging (EDI) may enable better visu-
alization of deep anterior segment tumors 
and choroidal tumors.        
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27.1         Introduction 

 Non-penetrating or closed-globe injuries rep-
resent 50–80 % of traumatic eye injuries. 
Generally, the most affected population is the 
man under 30 years old. It may occur by sev-
eral mechanisms thus damaging a variety of 
different retinal structures. The Ocular Trauma 
Classifi cation Group defi ned a standardized 
classifi cation for frequently used terms based 
on standard terminology and features of ocular 
injuries that have demonstrated prognostic sig-
nifi cance. In a closed-globe injury, the eye wall 
does not have a full-thickness wound, and the 
mechanism of injury may be grouped into two 
main categories: the direct (anterior) type 
occurring at the site of the impact and an indi-
rect (posterior) type at the contrecoup injury, 
which is more commonly found. Several 
groups investigated the mechanical impact of 
blunt ocular trauma and reported theories how 
defi ned anatomical structures can be damaged 
(Fig.  27.1 ). After a traumatic event, the vision 
can be unaffected or completely lost, depend-
ing on the location of the damaged anatomical 
structure, e.g., choroidal vessels, choriocapil-
laris, Bruch’s membrane, retinal pigment epi-
thelium (RPE), and neuroretina (Berg et al. 
 1989 ; Mennel et al.  2004 ; Williams et al. 
 1990 ).

   The following chapter demonstrates a variety 
of closed-globe injuries on time and spectral 
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domain optical coherent tomography (OCT), 
 fl uorescein angiography (FA), autofl uorescence 
(AF), and fundus photography.  

27.2     Choroidal Folds 

 Choroidal folds were fi rst described by 
Nettleship in 1884 and were initially consid-
ered as foldings of the entire retina (Nettleship 
 1884 ). They are visible striae at the posterior 
pole that radiate across the macula arranged 
in a parallel and horizontal fashion as dark 
and light lines. Later Norton investigated the 
typical fl uorescein angiographic (FA) appear-
ance and defi ned a clear distinction between 
choroidal and retinal folds (Norton  1969 ). The 
anatomical structure of choroidal folds can 
be explained by the typical fl uorescein pat-
tern traversing the folded choroidal vessels. 
Hyperfl uorescent streaks occur in the early 
arteriovenous phase and persist throughout the 

late venous phase with no leakage. A stretching 
and atrophy of the RPE induce an increased fi ll-
ing of the choriocapillaris overlying this peak 
of the choroidal fold. Hypofl uorescent streaks 
are on the bases of inclinated RPE in the val-
ley of the fold, resulting to a compression of 
the pigment- containing base of the RPE cells 
and blockage of the underlying choroidal fl uo-
rescence. Histological studies confi rmed a fold-
ing at the level of the RPE, Bruch’s membrane, 
and choroid giving the retina above a “brain-
like” confi guration. Cross-sectional imaging 
by computer tomography (CT) or B-scan ultra-
sonography reveals an abnormal fl attening of 
the posterior pole, a thickening of the sclera, 
and a consecutive axial shortening of the globe 
(Dailey et al.  1986 ). This characteristic picture 
is associated with a variety of orbital and ocular 
conditions including trauma, hypotony, orbital 
tumors, thyroid disease, papillitis, or uveal 
effusion syndrome. 

 Color fundus picture (Fig.  27.2a ) and fl uores-
cein traversing the folded choroidal vessels 
demonstrated hyperfl uorescent streaks in the 
early and late phase with no signs of leakage, 
while adjacent hypofl uorescent streaks remained 
dark throughout the entire angiography. In vivo 
measurements by OCT determined a signifi cant 
folding of the hyperrefl ective RPE-
choriocapillaris complex (Fig.  27.2b ) in the 
papillomacular area. The thickness, refl ectivity, 
and surface contour of the retina appeared 
within normal limits.

   Differently patients with ocular hypotony 
may face severe impaired vision with metamor-
phopsia. On fundus examination there is a sig-
nifi cant tortuous beading of the retinal and 
venous vessels (Fig.  27.3a ). Fluorescein angiog-
raphy (FA) demonstrates a fussy fl uorescence in 
the early and late phase (Fig.  27.3b ). OCT shows 
a mountain- like folding of the entire retina with 
moderate hyporefl ective areas in the subretinal 
space corresponding with subretinal fl uid 
(Fig.  27.3c ). Between the RPE and the sclera, 
there are fl at large areas corresponding with cho-
roidal fl uid.
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  Fig. 27.1    Non-penetrating or closed-globe injuries may 
occur by several mechanisms thus damaging a variety of 
different retinal structures including the iris ( 1 ), trabecular 
mash work ( 2 ), lens fi bers ( 3 ), retina ( 4 ), posterior pole 
( 5 ), or optic nerve with the posterior ciliary vessels ( 6 )       
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27.3        Commotio Retinae 

 Commotio retinae are defi ned as a transient 
gray- white opacifi cation at the level of the deep 
sensory retina occurring after blunt ocular 
trauma, and it was fi rst described by Berlin in 
1873 (Berlin  1873 ). The whitening and elevation 
of the retina appear immediately after a trauma 

and can be limited to the central retina although 
it may even involve extensive areas of the periph-
eral retina progressing to retinal necrosis and 
chorioretinitis sclopetaria (Hesse et al.  1996 ). 

 Commotio retinae are grouped in two variations: 
a milder type (retinal concussion) with less dramatic 
gray-white changes and no visible pigment altera-
tions, which later may progress to scarring. The more 
severe type (retinal contusion or chorioretinitis sclop-
etaria) can occur anterior at the point of impact (coup) 
or posterior at the remote impact site (contrecoup). A 
coup damage is therefore caused by local trauma 
directly at the site of impact, while a contusive con-
trecoup injury occurs at the opposite site of the blunt 
trauma creating damage at tissue interfaces. The con-
secutive whitening is more severe and a creamy dis-
coloration of the RPE appears within 48 h after the 
injury. Fluorescein angiography typically demon-
strates an alternated retinal vascular permeability, a 
bright leakage due to a partial breakdown of the outer 
blood-retina barrier at the level of the RPE. Visual 
acuity may be transiently or permanently reduced. 
The visual prognosis is good if the damaged location 
is outside the fovea. However, if the fovea is involved, 
vision loss may maintain permanently (Fig.  27.4 ) 
(Hesse et al.  1996 ; Sipperley et al.  1978 ).

   The clinicopathologic features of retinal contu-
sion or chorioretinitis sclopetaria include direct trau-
matic chorioretinal damage followed by marked 
fi brovascular proliferation with variable replace-
ment of vascular and neuroretinal tissue (Fig.  27.4a ). 
A visible retinal opacity at the site of the contrecoup 
injury is considered to be a severe injury. It may later 
progress to a “salt-and- pepper” appearance accom-
panied by a hypofl uorescence on fl uorescein angiog-
raphy. The chorioretinal circulation disturbance 
corresponds with a delayed fi lling and narrowing of 
the choroidal veins and changes in choroidal vascu-
lature causing obstruction and occlusion of the cho-
riocapillaris (Fig.  27.4b, c ). The breakdown of the 
outer blood-retina barrier in the RPE may increase 
permeability of the choriocapillaris. 

 Histopathologic studies demonstrated a partial 
loss of the nerve fi ber and ganglion cell layers 
and loss of the photoreceptors with hypertrophy 
and hyperplasia of the RPE. Although the sclera 

a

b

  Fig. 27.2    Choroidal folds. ( a ) In the late venous phase of 
the fl uorescein angiography, there are multiple parallel and 
horizontal lines of different fl uorescence in the macular 
area. The hyperfl uorescent streaks persist with no leakage 
and are caused by an increased fi lling of the choriocapil-
laris overlying the peak of the choroidal fold. The hypo-
fl uorescent streaks are in the valley of the fold, where the 
compressed RPE blocks the underlying choroidal fl uores-
cence. ( b ) The vertical OCT scan of the choroidal folds in 
the papillomacular area. The inner surface of the retina is 
fl attened by image analysis using Adobe Photoshop, so 
that the choroidal folds become more prominent. The neu-
roretina in the papillomacular bundle has a moderate 
refl ectivity and normal thickness of approximately 225 μm. 
There is no intraretinal or subretinal fl uid. The folded 
hyperrefl ective band, in red to white colors, corresponds to 
the RPE-choriocapillaris complex and is fi rmly attached to 
the underlying sclera, with no signs of pigment epithelium 
detachment (PED). Each fold has a height of approxi-
mately 45 μm. The dark and hyporefl ective spots in the 
deep scleral layer under each fold ( white arrows ) may 
either correspond to compressed tissue or shadowing of the 
folded RPE-choriocapillaris complex       
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and a long posterior ciliary nerve remained intact, 
a marked ingrowth of fi brovascular tissue may be 
extended from the choroid into the subretinal 
space where it was covered by retinal pigment 
epithelium. On OCT there is a marked thinning 
of the neuroretina in the affected area compared 
to the unaffected adjacent areas (Fig.  27.4d, f ) 
(Dubovy et al.  1997 ; Pahor  2000 ). 

 There have been confl icting reports on histo-
pathologic features of Berlin’s edema or commo-
tio retinae. Although Berlin originally 
hypothesized that the loss of the outer retinal 
transparency may relate to an extracellular 
edema, the origin and underlying pathogenesis 
remain controversial. Several postmortem studies 
on human and animal eyes confi rmed a disrup-
tion of photoreceptor outer segments followed by 
phagocytosis of fragmented outer segments by 
the retinal pigment epithelium (RPE), while 
some authors reported a direct damage to the 
neurosensory retina as seen by swelling of Müller 
food processes and mitochondria in the nerve 
fi ber layer. The gross anatomy revealed swollen 
inner segments with mitochondrial deposits of 

resembling calcium, indicating an increased per-
meability of the plasma membranes. The blunt 
ocular trauma may generate mechanical contre-
coup distortion of the retina via vitreoretinal 
attachments. Mansour et al. hypothesized that 
hydraulic forces stretch the neuroretina at the 
level of the outer segments, while intact Müller 
cells hold the rest of the retina together (Mansour 
et al.  1992 ). 

 In vivo measurements by OCT revealed a 
traumatic lesion at the level of the photoreceptor- 
RPE complex, disclosing a detached sensory ret-
ina with fl uid in the subretinal space. The 
refl ectivity of the neuroretinal tissue was reduced 
and the architecture less compact. The neuroret-
ina, held together by the Müller food processes, 
appears to be intact up to the photoreceptors. The 
uncommon hyperrefl ective inner retinal band 
possibly represents the photoreceptor inner seg-
ments, with less refl ective outer segments under-
neath and in the subretinal space. Although the 
neuroretinal thickness was increased, the foveo-
lar indentation remained still visible (Fig.  27.5b ). 
Fundus biomicroscopy revealed a mild retinal 

a

c

b

  Fig. 27.3    ( a ) Fundus image of the right eye in patients 
with severe hypotony after blunt ocular trauma. 
Funduscopy demonstrates a chorioretinal folding of the 
entire retina ( green arrow ). ( b ) Fluorescein angiography 
demonstrates a moderate elevation of the retina with mild 
leakage. ( c ) On OCT there is a signifi cant folding of the 

entire neuroretina ( X ) with some hyporefl ective areas 
under the retina corresponding with subretinal fl uid. 
Under the hyperrefl ective RPE-choriocapillaris complex, 
there is a broad hyperrefl ective area ( * ) presenting a sec-
ond fl uid compartment in the choroid adjacent to the 
sclera       
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a
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  Fig. 27.4    Chorioretinitis sclopetaria. ( a ) Fundus image 
of the left posterior pole resulting from a localized 
destruction of both the retina and choroid ( yellow arrow ) 
with connective tissue proliferation adjacent to the impact 

site ( green arrow ). ( b ,  c ) Fluorescein angiography shows 
irregular fi lling of the choriocapillaris and partially 
obstructed by connective tissue plaques. ( d ,  e ) SD-OCT 
showing marked thinning of the entire neuroretina       

a

b

  Fig. 27.5    ( a ) Fundus image of the left posterior pole 
showing dull foveal refl ex and mild retinal elevation in the 
papillomacular region. ( b ) Horizontal OCT scan in the 

papillomacular area demonstrates a detachment of the 
entire neuroretina with hyporefl ective space underneath, 
corresponding with subretinal fl uid       
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elevation at the level of neurosensory retina and 
the RPE in the fovea with white concentric lines 
(Fig.  27.5b ). The RPE phagocytoses damaged the 
outer segments and restore central vision within 
weeks. We determined a full anatomical and 
functional recovery of the macular lesion within 
3 months. The patient’s vision returned to 20/20 
OU 5 months later (Meyer et al.  2003a ).

   Another complication that may occur after 
commotio retinae is the traumatic pigment epi-
theliopathy. It is possible to identify RPE atrophy 
with areas of discoloration and pigment clump-
ing associated with patchy lesions, which repre-
sented post-traumatic pigment epitheliopathy. 
Fundus autofl uorescence (FAF) examination 
demonstrated a well-defi ned reduced FAF patchy 
area with interposed granular increased autofl uo-
rescent areas in regions of the epitheliopathy 
(Fig.  27.6 ). OCT showed an area of increased 
refl ectivity beneath the choriocapillaris/RPE 
complex and focal thinning of the retina. We also 
demonstrated the functional damage of traumatic 

pigment epitheliopathy using Humphrey’s com-
puterized visual fi eld in one patient and com-
pared these fi ndings to autofl uorescence imaging, 
which correlated to the area of decreased sensi-
tivity of the visual fi eld (Fig.  27.7 ). Therefore, 
alterations in autofl uorescent pattern in these 
patients may be an indirect indication of the func-
tion of the retina and RPE and could be sugges-
tive of poor prognosis in some cases of commotio 
retinae.

27.4         Choroidal Rupture 

 Choroidal rupture, fi rst described by von Graefe 
in 1854, is a breach of Bruch’s membrane, the 
choroid, and the RPE secondary to a blunt ocular 
trauma (Von Graefe  1854 ). They can be divided 
into two main categories: a direct (anterior) type 
occurring at the site of the impact is oriented par-
allel to the ora serrata. Indirect ruptures, which 
are more common, occur predominantly at the 

a

c
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  Fig. 27.6    ( a ) Color fundus picture showing peripapillary 
retinal pigment epithelium (RPE) atrophy with areas of dis-
coloration and pigment clumping (Courtesy of Dr Daniel 
Lavinsky). ( b ) Fundus autofl uorescence (FAF) demon-
strates reduced FAF area in the same region of RPE atrophy 

with an increased granular autofl uorescent pattern inside 
the lesion (Courtesy of Dr Daniel Lavinsky). ( c ) Optical 
coherence tomography (OCT) shows increased refl ectivity 
of the choriocapillaris/RPE complex and local thinning of 
the retina ( white arrow ) (Courtesy of Dr Daniel Lavinsky)       
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posterior pole away from the site of impact. The 
rupture is here usually crescent shaped and con-
centrically aligned to the optic disk, with the con-
vexity away from the optic disk. The majority 
(82 %) of ruptures run temporal to the optic disk 
may involve the macula. 

 Mechanical and vascular mechanisms are the 
two most frequently cited hypotheses explaining 
the damages in choroidal ruptures. During a 
closed-globe injury, the eyeball is fi rst mechani-
cally compressed and then rapidly hyperex-
tended. The sclera’s tensile strength resists this 
compression. The retina is elastic and stretches 
during such an injury. However, Bruch’s mem-
brane breaks because it does not have suffi cient 
tensile strength or elasticity. The choriocapillaris 
is injured and bleeds into the sub-RPE and/or 
subretinal space. Such hemorrhage may hide the 

choroidal rupture initially. Over days, the blood 
clears and a whitish/yellowish, curvilinear, 
crescent- shaped subretinal streak is visible and 
concentric to the optic disk. Between 5 and 10 % 
of all blunt ocular trauma lead to indirect choroi-
dal ruptures (Wagemann  1902 ).If there is a large 
amount of hemorrhage, surgery may be indicated 
with vitrectomy subretinal tissue plasminogen 
activator and gas displacement. 

 Over time, choroidal neovascularization 
(CNV) can develop. In most cases, the CNV 
involutes over time. Secretan et al. demonstrated 
that ruptures greater than 4000 μm in length and 
located within 1500 μm of the center of the fovea 
are more frequently associated with CNV 
(Secretan et al.  1998 ). In about 30 %, the CNV 
may recur, with a serous or hemorrhagic pigment 
epithelial detachment, anytime following the 

a b

  Fig. 27.7    ( a ) Ocular fundus photography of the right eye 
showing a mild pigmentary change at the temporal supe-
rior arcade (Courtesy of Dr Daniel Lavinsky). ( b ) Fundus 
autofl uorescence (FAF) demonstrates two reduced auto-
fl uorescent areas with increased autofl uorescent granular 
areas ( arrow ). Humphrey’s 24-2 SITA-standard strategy 

perimetry demonstrates acceptable reliability scores and a 
signifi cant decrease in the sensitivity of lower nasal fi elds, 
corresponding to the superior temporal pigment epitheli-
opathy evident on autofl uorescence ( arrow ) (Courtesy of 
Dr Daniel Lavinsky)       
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formation of the choroidal rupture. If the rupture 
or CNV does not involve the foveal center, vision 
may not be affected. Late complications may also 
include migration of RPE cells, ERM (epiretinal 
membrane) formation, loss of photoreceptors, 
optic atrophy, and retinal detachment. 

 Fluorescein angiography demonstrates a 
crescent- shaped delay fi lling at the site of the 
choroidal rupture. Early on there is a hypoperfu-
sion of the choroidal artery. Evidence of the cho-
roidal rupture hyperfl uorescent streak occurred in 
the late phase of the FA at the site of the choroi-
dal rupture (Fig.  27.8a–c ). In another case it is 
possible to observe besides the choroidal rupture 
and progressive hyperfl uorescent lesion in the 
macular area corresponding to a secondary CNV 
(Fig.  27.9a–d ). ICG may also disclose a hypofl u-
orescent rim along the choroidal veins as signs of 

an increased permeability of the choriocapillaris. 
These feeder vessels seem to have a greater cali-
ber and a higher tendency to proliferate and are 
therefore more resistant to photodynamic therapy 
(PDT) and selective feeder vessel treatment as 
demonstrated by us previously (Mennel et al. 
 2005 ). More recently some case reports have 
been published treating this secondary CNV with 
anti-VEGF therapy such as bevacizumab or 
ranibizumab (Janknecht  2011 ; Piermarocchi and 
BenettiE  2011 ).

    SD-OCT highlights the cross-sectional fea-
tures of choroidal ruptures. The fi rst case demon-
strated a mounted subretinal lesion corresponding 
with fi brovascular scar tissue and some fl uid 
underneath and inside the retina showing an 
active CNV secondary to a choroidal rupture 
(Fig.  27.9e–f ). 

a

b c

  Fig. 27.8    Choroidal rupture. ( a ) Fundus image demon-
strates a white crescent-like rupture of the choroid in the 
superior temporal quadrant. ( b ) Fluorescein angiography 
early phase showing an incomplete fi lling of the choroidal 
vasculature. In the area of the choroidal rupture, there is a 

dark hypofl uorescence visible consistent with the rupture 
and loss of choroidal vessels. ( c ) Fluorescein angiography 
late phase showing sharp crescent-like hyperfl uorescence 
due to leakage of choroidal vessels and a window defect at 
the choroidal rupture       
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 In the second case, there was an irregular 
hyporefl ective vertical failure corresponding to 
the choroidal rupture and a hyperrefl ective band 
radiating from the subretinal space through the 
entire neuroretina to the retinal surface, indicat-
ing a transretinal migration of fi brovascular cells 
(Fig.  27.10a, b ).

27.5        Valsalva Retinopathy 

 The term “Valsalva retinopathy” was fi rst used in 
1972 by Duane to describe preretinal hemor-
rhages secondary to a sudden increase of intra-
thoracic pressure, in association after vomiting, 
coughing, heavy lifting, or straining stool, 

although in some instances no initiating event 
can be ruled out (Duane  1972 ). After the Valsalva 
maneuver, a sudden rise in the intraocular venous 
pressure causes retinal capillaries to spontane-
ously rupture; the consequence is the hemor-
rhage. A well-circumscribed, round, or 
dumbbell-shaped mound of preretinal blood is 
seen in or near the central macular area. 

 The most common site for this hemorrhage is 
the posterior pole, where the premacular bursa 
provides a preexisting anatomic space (Foos 
 1972 ). In addition the ILM (internal limiting 
membrane) has no fi rm attachments to the retina 
at the posterior pole, thus predisposing hemor-
rhagic detachments between both layers 
(Fig.  27.11a, b ).

e

g

f

a b c d

  Fig. 27.9    Choroidal rupture. ( a ) Fluorescein angiogra-
phy showing crescent-like hyperfl uorescent lesion in the 
superior temporal region corresponding to the choroidal 
rupture. ( b – d ) Serial fl uorescein angiography shows pro-
gressive hyperfl uorescent lesion in the macular area cor-
responding to a secondary choroidal neovascularization 
(CNV). ( e ) The retinal thickness map shows some areas of 

increased retinal thickness corresponding to the fl uid of 
the active CNV. ( f ) RPE map shows the irregularity of the 
RPE where the CNV membrane is placed. ( g ) The hori-
zontal scan shows a fi brovascular RPE detachment, with 
the choroidal rupture subretinal and intraretinal fl uid and 
posterior vitreous detachment (G)       
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   It is generally agreed that the sharply demar-
cated hemorrhage is located at the vitreoretinal 
interface either directly under the posterior hya-
loid of the vitreous or under the internal limiting 
membrane (ILM) itself. The exact location of it 
cannot be determined biomicroscopically, 
although subhyaloid blood tends to shift by 
changing the head from an upright to fl at posi-
tion, and sublaminar retinal hemorrhage remains 
still (Choudhry and Rao  2014 ; Green et al.  1996 ) 
(Fig.  27.11c, d ). 

 Patients commonly describe a sudden spon-
taneous loss of their vision. Part of the blood 
may decent in the preretinal bursa and turn yel-
low after several days. The prognosis is gener-
ally good, but resorption of the entrapped blood 
tends to be slow and may result in long-standing 
visual impairment. With a spontaneous rupture 
of the membrane, vision recovers rapidly. 
However, if the spontaneous resorption of pre-
retinal blood is slow, laser puncturing or photo-
disruption of the posterior hyaloid face or the 

limiting membrane has been described by means 
of argon laser coagulation (Kroll and Busse 
 1986 ) or Nd:YAG laser (Ulbig et al.  1998 ) as an 
alternative to vitrectomy. The laser puncturing 
enables drainage through the focal opening of 
entrapped premacular blood into the vitreous 
cavity, where it is resorbed more quickly (Meyer 
et al.  2006 ). 

 Our group showed a patient that was submit-
ted to focal membranotomy by argon laser and 
developed ERM with a superfi cial prominent 
sheen-like membrane. In these cases vitrectomy 
should be performed with ERM removal and 
ILM peeling with the use of vital dyes such as 
brilliant blue or indocyanine green for ILM and 
trypan blue for ERM (Meyer et al.  2004a ; 
Schmidt et al.  2003 ). It has been shown that after 
performing a vitrectomy and histology in prereti-
nal hemorrhages, it was possible to identify mul-
tiple layers of cells on the inside of the 
dome-shaped membrane (Garcia-Arumi et al. 
 1994 ).  

a

b

  Fig. 27.10    ( a ) The red-free image shows a concentric 
whitish lesion in the inferior temporal area corresponding 
to the choroidal rupture. ( b)  The enhanced depth OCT 
imaging shows an irregular hyporefl ective vertical lesion 
at the deep choroid corresponding the choroidal rupture 

( arrow ). The retina has a normal thickness; however, there 
is a hyperrefl ective band extending from the outer retinal 
to throughout the entire retina to the retinal surface 
(Courtesy of Dr Daniel Lavinsky)       
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27.6     Traumatic Optic Pit 
Maculopathy 

 Congenital pit of the optic nerve head is an exca-
vation or regional depression of the optic nerve 
head resulting from an imperfect closure of the 
embryonic fi ssure. An unequal growth on both 
sides causes a delayed closure of the fi ssure at 
approximately 5 weeks of gestation. They were 
fi rst described in 1882 as dark gray depressions 
in the optic nerve head, and they appear craterlike 
holes on the surface of the optic nerve head usu-
ally with a steep temporal wall, usually associ-
ated with posterior vitreous detachment and 

serous retinal detachment in the macular area 
(Kranenberg  1960 ). 

 The underlying mechanism optic pit maculopa-
thy remains speculative, although many patients 
develop serous retinal detachments during life. As 
optic pits are congenital and the corresponding 
macular detachments develop later, certain 
unknown events may trigger macular detachments. 
It is known that most eyes with an optic pit macu-
lopathy have a partial vitreous detachment (PVD) 
with fi rm attachments at the margin of the optic 
head (Sugar  1962 ). Therefore, one of the mecha-
nisms that may trigger the serous detachment is the 
PVD associated or not with ocular trauma. 

a

c d

b

  Fig. 27.11    Valsalva retinopathy. ( a ) Fundus image 
showing well-circumscribed, round, or dumbbell-shaped 
mound of preretinal blood in or near the central macular 
area. ( b ) The entrapped blood under the ILM presents on 
SD-OCT as hyperrefl ective band in the retina surface 
obscuring the underlying retinal structures. ( c ) Fundus 

image taken in an upright position. The preretinal hem-
orrhage has a horizontal direction. ( d)  Fundus image 
taken after the head was tilted to the right side. The pre-
retinal blood has shifted to the right side in an oblique 
direction       
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 Many times, an optic pit is asymptomatic and is 
just an incidental fi nding on the examination of the 
eye by a physician. However, some patients may 
present with the symptoms of a posterior vitreous 
detachment or serous retinal detachment. This is 
because optic pits are associated with these disor-
ders and are even speculated to be the actual cause 
of these disorders when they arise in patients with 
optic pits. The most common visual fi eld defects 
include an enlarged blind spot and a scotoma. 
Visual acuity is typically not affected by the pit but 
may get worse if serous detachment of the macula 
occurs. Metamorphopsia may then result. 

 Funduscopy discloses a gray oval pit usually 
at the temporal margin of the disk (Fig.  27.12a ). 
A shallow uniform opaque retinal detachment, 
about 4 disk diameters, extended from the edge 
of the optic nerve to the macula (Fig.  27.12a ). 
OCT demonstrated an inner layer separation 
(ISL) with an outer layer detachment (OLD) of 
the retina (Fig.  27.12b ). The non-refl ective space 
between them corresponded to a large schisis- 
like cavity (Fig.  27.12b ).

   Lincoff et al. hypothesized a two-layered 
structure in optic pit maculopathy. The serous 
retinal elevations in optic pits primarily begin at 
the optic disk with a schisis-like separation of the 
inner retinal layers. The ILS appears clinically 
transparent, while the corresponding functional 
scotoma is mild and central vision may remain 
intact. When a hole in the outer layer develops, 
fl uid may fl ow through into the subretinal space 
creating a secondary OLD (Lincoff and Kreissig 
 1998 ). Vigorous radial forces transmitted through 
abnormal vitreous attachment may have there-
fore exaggerate a schisis-like retinal detachment 
in our patients with a congenital optic pit (Meyer 
et al.  2003b ; Meyer and Rodrigues  2004 ). 

 In general optic disk pits themselves do not 
need to be treated. However, patients with chronic 
serous retinal detachments with loss of visual 
acuity may be submitted to surgery. There are 
several case reports and case series treating those 
lesions with simple intravitreal gas injection or 
vitrectomy and fl uid-gas exchange with func-
tional and anatomical improvement with low 

a

b

  Fig. 27.12    Traumatic optic pit maculopathy. ( a ) Fundus 
picture shows an optic disk with a gray oval pit at the tem-
poral side and a darker area in the papillomacular bundle 
( arrow ). ( b ) The SD-OCT shows the pit inside the optic 
nerve head. In the papillomacular region, it is possible to 
observe an inner layer separation (ISL) in multiple layers. 
The outer layer detachment (OLD) of the neuroretina 
from the retinal pigment epithelium can be seen in a sec-

ond hyperrefl ective band. The non-refl ective space 
between the ILS and the OLD responds to a large schisis- 
like cavity. The RPE-choriocapillaris complex represents 
as a third hyperrefl ective band. The fl uid under the OLD 
can leak through a hole in the outer layer into the subreti-
nal space and the retinal schisis in multiple layers at the 
inner retina and subretinal fl uid or a schisis in the outer 
retina (Courtesy of Dr Rodrigo Meirelles)       
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recurrence rates (Moreira Neto and Moreira 
Junior  2013 ; Akiyama et al.  2014 ).  

27.7     Epiretinal Membrane 

 The proliferation of epiretinal membranes 
(ERMs) occurs spontaneously or as a complica-
tion of various diseases on the surface of the ret-
ina along the internal limiting membrane (ILM). 
Iwanoff fi rst in 1865 considered ERM as the for-
mation of endothelial cells (Iwanoff  1865 ). These 
cells mainly derive from retinal glial or RPE cell 
proliferating along the retinal surface and gain 
access to the ILM by unknown stimuli (Trese 
et al.  1983 ). The separation or peeling of ERM is 
a rare incidence. It may occur spontaneously 
without evidence of any intervention, by devel-
opment of a PVD and Nd-YAG laser or after ocu-
lar trauma (Messner  1977 ). 

 Clinically ERMs are a semitransparent mem-
brane that develops over the retina that may be 
asymptomatic or cause a contraction of the reti-
nal tissue and consequent misalignment and 
damage to the retinal tissue (Fig.  27.13a ). The 

fi nal result is metamorphopsia, low visual acuity 
that may vary from almost normal to 20/400 or 
hand motion to the more severe and chronic 
cases. The diagnosis is clinical, but the use of 
SD-OCT is very important to the identifi cation 
of the hyperrefl ective membrane on the retinal 
surface (Fig.  27.13b ) and to the evaluation of the 
coexisting vitreoretinal traction that may be 
found in some cases (Fig.  27.14 ) (Bottós et al. 
 2012 ). Moreover the use of SD-OCT is also very 
important to evaluate the prognosis after surgery. 
It has been shown that edema of the inner retina 
correlates with poor prognosis and a disruption 
of the inner/outer segment layer (IS/OS) or the 
ellipsoid zone may also be associated with poor 
functional results after ERM removal (Fig.  27.15 ) 
(Kinoshita et al.  2012 ; Shiono et al.  2013 ).

     The treatment for ERM is surgery; however, 
there are some reports of spontaneous ERM sepa-
ration with visual acuity improvement (Meyer 
et al.  2004b ). Usually vitrectomy is indicated when 
visual acuity is 20/40 or worse or if the patient has 
a remarkable metamorphopsia. Standard vitrec-
tomy associated with ERM removal, with or with-
out trypan blue staining, and today ILM peeling 

a

b

  Fig. 27.13    Epiretinal membrane. ( a ) Fundus picture 
demonstrates loss of foveal refl ex and the typical aspect of 
cellophane maculopathy. ( b ) Spectral domain OCT shows 
hyperrefl ective tissue over the retinal surface correspond-

ing to the epiretinal membrane (ERM). There is an irregu-
larity on the retinal surface and also some increase of the 
retinal thickness due to edema caused by the ERM       
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with brilliant blue has also been performed to 
reduce the recurrence rate of ERM.  

27.8     Traumatic Macular Hole 

 Macular hole (MH) can occur in either gender, at 
any age, with no racial predilection. The inci-
dence in women is higher that may be attributed 
to the earlier onset of PVD due to premature vitre-
ous liquefaction, probably associated with declin-
ing estrogen levels in the postmenopausal period. 
This profi le is also seen in ERM, another condi-
tion considered to be a complication of PVD. 

 Vitreofoveal traction is believed to be important 
in the pathogenesis of idiopathic MH. Since Gass 
has described its early stages, the development of 
this pathology was attributed to tangential traction 

of the perifoveal vitreous cortex resulting in a foveal 
dehiscence that can progress from foveolar detach-
ment to a mature full- thickness MH (Gass  1988 , 
 1995 ). Some susceptible patients have abnormal 
and strong vitreomacular adherence, causing persis-
tent foveal traction with perifoveal detachment, 
which is universally associated with the earliest MH 
stages. The continuous anterior traction of the 
slightly detached vitreous cortex appears to be a 
major contributing factor to MH formation. Both 
types of traction, anteroposterior and tangential, 
might be combined in some cases. Tangential trac-
tion may also be the result of glial cell proliferation 
onto the perifoveal internal limiting membrane and 
may explain the persistence and enlargement of 
MH, in some specifi c cases, even when the poste-
rior hyaloid spontaneously detaches. The mecha-
nisms of traumatic macular hole are slightly 
different from idiopathic MH. It has been postulated 
that it is formed by a necrotic cystoid degeneration 
of the foveal retinal tissue, associated with the sub-
retinal hemorrhage and anterior vitreous traction. 

 Clinically the patients complain about loss of 
central vision, low visual acuity, and metamor-
phopsia. On the fundus exam, it is possible to 
identify a hole in the foveal area that could be 
confi rmed on the slit lamp by the Watzke-Allen 
sign (Fig.  27.16a ). With the fl uorescein angio-
gram, it is possible to identify a hyperfl uorescent 
lesion to the absence of the retinal tissue in the 
hole location. The spectral domain OCT may 
identify a true hole in the retina (Fig.  27.16b ) and 
the presence of fl uid in the edges, measure the 
size of the hole, and also evaluate the vitreoreti-
nal interface to observe if the vitreous is still 
attached or the presence of ERM.

   The main value of the SD-OCT is to help us 
understand the pathogenic theory (Fig.  27.17 ) and 
also clarify the possible therapeutic implications: a 
vitrectomy with the aim of resolving anteroposte-
rior traction could be the main goal of a surgical 
procedure when the vitreous face is not totally 
separated from the edge of the MH. Otherwise, 
when no anteroposterior traction is shown by OCT 
or US, the surgeon would attempt to remove 
epiretinal tissue and internal limiting membrane to 
release the tangential traction. Moreover, the dif-
ferentiation between VMT and PVD, by a 

  Fig. 27.14    Fundus picture and SD-OCT of a patient with 
vitreomacular traction and ERM. The fi rst hyperrefl ective 
membrane is the vitreous traction and the second layer 
over the retinal surface is the ERM       
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a

c

b

  Fig. 27.15    In a patient with ERM at the initial presenta-
tion, the visual acuity was 20/50 with some increase in 
retinal thickness ( a ) and the SD-OCT scan shows a very 
adherent ERM with mild retinal edema ( b ). It was offered 
surgical treatment but the patient came back just 2 years 

later; now the visual acuity is 20/400 and the retinal anat-
omy is completely abnormal. Huge retinal cysts in the 
inner retina and disruption in the ellipsoid zone indicating 
a poor prognosis after surgery ( c )       

a

b

  Fig. 27.16    Traumatic macular hole. ( a ) Fundus picture 
shows macular hole in the foveal area. ( b ) Spectral domain 
OCT showing complete disruption of all retinal layers 

revealing a macular hole. There are some cysts in the 
edges of the hole indicating a better prognosis after 
surgery       
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 noninvasive technique, is inevitable and decisive 
for further surgical or pharmacological treatment.

   Traumatic macular hole may close spontane-
ously but it also may require surgery (Yamashita 
et al.  2002 ). We describe a case of a 15-year-old 
boy that had a history of blunt ocular trauma due 
to a soccer ball. The initial visual acuity at his 
presentation 10 days after the trauma was 20/120 
due to a traumatic macular hole. One month after 
the surgery, his visual acuity recovery was 20/60 
with small amount of subretinal fl uid that com-

pletely disappeared after 2 months, and his fi nal 
visual acuity was 20/25 with a macular hole clo-
sure (Fig.  27.18 ).

27.9        Retinal Pigment 
Epithelium Tear 

 Retinal pigment epithelium tears occur most 
commonly in the posterior pole as a complication 
of age-related macular degeneration (AMD), and 

a
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  Fig. 27.17    Stages of macular hole. ( a ) SD-OCT shows 
that vitreous is still attached with almost no traction. ( b  
and  c)  SD-OCT showing some anterior traction by the vit-
reous causing some changes in the retinal anatomy at the 

inner retina. ( d–h ) Showing evolution of the macular hole 
with progressive disruption of all retinal layers and 
enlargement of the hole and progressive release of the vit-
reous traction (Courtesy of Dr Juliana Bottós)       
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it is generally associated with RPE detachments. 
RPE tears associated with blunt ocular trauma 
have been reported at the posterior pole and 
periphery (Doi et al.  2000 ; Levin et al.  1991 ). 
Levin et al. suggested that excessive force to the 
eye transmitting suffi cient mechanical stress 
between the choroid and sclera and the RPE may 
induce RPE tears or choroidal ruptures (Levin 
et al.  1991 ). 

 We previously presented three patients with 
AMD and RPE tears in the presence of vitreomac-
ular traction and postulated that shear and abnor-
mal stresses from the vitreoretinal interface may 

trigger the development of RPE tears (Meyer and 
Toth  2001 ). Here we presented another case of a 
68-year-old white man, who complained of low 
vision acuity. At presentation, his best- corrected 
VA was 20/23 OD and 20/400 OS. On biomicros-
copy there was an area of subretinal elevation 
temporal to the fovea with hyperpigmentation 
superiorly consistent with folded RPE and 
CNV. Subretinal fl uid extended superiorly and 
inferiorly to the lesion. The SD-OCT scan of the 
macula and the neurosensory retina was elevated 
as well as the RPE layer. It was possible to observe 
that the hyperrefl ective band  correspondent to the 

a

b

c

  Fig. 27.18    Traumatic macular hole in a 15-year-old boy. 
( a ) SD-OCT 10 days after the blunt ocular trauma shows 
full-thickness macular hole. ( b ) SD-OCT 1 month after 

the surgery shows small amount of subretinal fl uid. ( c)  
SD-OCT 2 months after the surgery shows complete dis-
appearance of subretinal fl uid and macular hole closure       
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RPE was not continuous that was a failure corre-
sponding to the tear. Adjacent to the refl ective 
lesion was a well-demarcated area of low refl ec-
tivity in the subretinal space consistent with 
serous fl uid. In the inner retina, it is possible to 
observe intraretinal cysts. The detached posterior 
hyaloid could be seen as a highly refl ective band 
above the center of the fovea (Fig.  27.19 ).

27.10        Choroidal Excavation 

 Choroidal excavation or focal choroidal excava-
tion (FCE) was fi rst described in 2006, by Jampol 
et al., who reported a peculiar optical coherence 
tomography (OCT) fi nding in the macula, in 
which the choroid was excavated in an asymp-
tomatic elderly woman (Jampol et al.  2006 ). 

a b

c

  Fig. 27.19    Retinal pigment epithelium tear. ( a ) Spectral 
domain OCT shows subretinal fl uid extending superiorly 
and inferiorly to the lesion that can be observed in the reti-
nal thickness map. ( b ) The SD-OCT scan of the macula 
and the neurosensory retina is elevated as well as the RPE 
layer. ( c ) Shows noncontinuous hyperrefl ective RPE band 

corresponding to tear. Adjacent to the refl ective lesion is a 
well-demarcated area of low refl ectivity in the subretinal 
space consistent with serous fl uid. In the inner retina, 
there are intraretinal cysts. The detached posterior hyaloid 
is seen as a highly refl ective band above the center of the 
fovea       
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Later, Wakabayashi et al. identifi ed three more 
patients with similar fi ndings and called the 
lesions “unilateral choroidal excavation,” because 
lesions were confi ned to only one eye 
(Wakabayashi et al.  2010 ). Margolis et al. found 
a bilateral case in their series of 12 patients and 
proposed the term “focal choroidal excavation” 
(FCE) (Margolis et al.  2011 ). 

 The cause of FCE is currently unknown. 
Occasional bilaterality and a relatively stable clini-
cal course in the absence of any systemic or ocular 
conditions that may have disturbed the choroidal 
layer in the macula prompt investigators to suspect 
that FCE is a congenital abnormality. The clinical 
implications of FCE are largely unknown. Most 
patients appear to retain good visual acuity, but a 
few cases have been diagnosed with concurrent 
choroidal vascular disorders, including central 

serous chorioretinopathy (CSC), choroidal neo-
vascularization (CNV), and polypoidal choroidal 
vasculopathy (PCV) (Lee et al.  2014 ). 

 We present a case of a 16-year-old woman com-
plaining of a metamorphopsia and blurry vision for 
the last 4 months. She had a history of trauma 5 
years ago. Her vision acuity was 20/40; in the fun-
dus exam, it was possible to observe a grayish 
lesion temporal to the fovea with some pigmentary 
changes that correspond to a hyperfl uorescent area 
on the fl uorescein angiogram exam. The SD-OCT 
reveals a disruption of the outer retina and RPE 
with some fl uid in the excavated area (Fig.  27.20 ). 
This is a case of a secondary CNV associated with 
FCE in a patient with ocular trauma in the past that 
was treated with anti-vascular endothelial growth 
factor intravitreal injections with good functional 
and anatomical recovery.

a b c

d

  Fig. 27.20    Choroidal excavation. ( a ) The color fundus 
image shows a grayish lesion temporal to the fovea with 
some pigmentary changes. ( b ,  c ) The corresponding 

lesion is hyperfl uorescent on fl uorescein angiogram. ( d ) 
The SD-OCT reveals a disruption of the outer retina and 
RPE with some fl uid in the excavated area       
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28.1         Macular Schisis 

 Splitting of the nerve fi ber layer at the macular 
region is known as macular schisis. It is typically 
seen in X-linked juvenile retinoschisis and hence 
more common in males and is almost always 
bilateral (Eriksson et al.  2004 ). Characteristic 

features on fundus examination include radial 
plication of the internal limiting membrane and 
microcystoid-like spaces. This is hence often 
wrongly misdiagnosed as cystoid macular edema. 
Peripheral retinoschisis, pigmentary degenera-
tion, and beaten metal appearance may be other 
associated fi ndings (Apushkin et al.  2005 ). 

 On OCT (optical coherence tomography), 
cleavage of the retina in two planes, deep (outer 
retina) and superfi cial (Henle layer), is character-
istic (Fig.  28.1 ). These two planes are connected 
by delicate vertical septa creating a pseudo-cys-
toid pattern (low refl ectivity spaces). Lamellar 
macular defect due to dehiscence of cystoid 
spaces may be seen after several years.

28.2        Macular Infarction 

 Macular infarction may be a consequence of arte-
rial occlusion, or occasionally it may arise as a 
complication of drug toxicity especially the ami-
noglycosides. On fundus examination there is a 
variable extent of foveal opacifi cation along with 
retinal hemorrhages. HPE has shown lamellar 
lysosomal inclusion bodies in the retinal pigment 
epithelium and accumulation of an amorphous 
PAS-positive material in the subepithelial space. 
On OCT there is increased macular thickness 
with hyperrefl ectivity of the inner retinal layers, 
corresponding to the area of retinal pallor and 
edema. Neurosensory retina may be elevated 
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with accumulation of hyperrefl ective material 
under the neurosensory retina (Fig.  28.2 ) 
(Venkatesh et al.  2005 ; Witkin et al.  2006 ). There 
is loss of normal alternate layers of hyperrefl ec-
tivity that represent different layers of the retina. 
During follow-up OCT though a reduction in the 
macular edema is observed, the ischemic retina 
may still remain hyperrefl ective, and the alternate 
layers of hyperrefl ectivity that represent different 
layers of the retina are generally lost.

28.3        Optic Nerve Head Drusen 

 Optic nerve head drusen (ONHD) are a common, 
benign, congenital anomaly of the optic nerve, 
which rarely lead to decreased visual acuity. 
Clinically, optic nerve head drusen may be visi-
ble on the disk surface or buried within the disk. 
These lesions often obscure the margins of the 
optic disk. Buried ONHD may simulate optic 
disk edema (ODE) and lead to diagnostic uncer-

tainty. Various techniques to differentiate these 
two conditions include fundus examination, optic 
disk autofl uorescence, fl uorescein angiography, 
B-scan ultrasonography, and OCT. In recent 
years, there have been a number of reports evalu-
ating OCT to distinguish between ODE and 
ONHD. The OCT appearance of optic disk dru-
sen is characterized by an elevated optic nerve 

  Fig. 28.1    Macular schisis. SD-OCT shows microcystoid-like spaces       

  Fig. 28.2    Macular infarction. SD-OCT shows increased 
macular thickness with hyperrefl ectivity of the inner reti-
nal layers. Neurosensory retina is elevated with accumula-
tion of hyperrefl ective material underneath       
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head with a “lumpy-bumpy” internal optic nerve 
contour and an abrupt tapering of the hyporefl ec-
tive space located between the sensory retina and 
the retinal pigment epithelium and choriocapil-
laris. Retinal nerve fi ber layer thickness, espe-
cially in the nasal quadrant, has also been shown 
to be decreased in ONHD when compared with 
ODE (Davis and Jay  2003 ; Johnson et al.  2009 ; 
Karam and Hedges  2005 ) (Fig.  28.3 ).

28.4        Myelinated Nerve Fiber 

 Intraocular myelination of the retinal nerve fi ber 
has been reported in 0.3–0.6 % of population by 
ophthalmoscopy and in 1 % by postmortem 
examination (Duke-Elder  1963 ). Normally 
myelination stops at the lamina cribrosa and does 
not extend intraocularly. Oligodendrocytes, 

which are responsible for myelination of the cen-
tral nervous system, are not normally present in 
the human retina. However, histological sections 
confi rm their presence in some areas of myelin-
ated nerve fi bers (Straatsma et al.  1981 ). The 
presence of myelinated nerve fi ber has been asso-
ciated with several ocular and systemic disorders. 
Extensive unilateral myelination of nerve fi bers 
can be associated with anisometropic high myo-
pia and dense amblyopia which is refractory to 
treatment by occlusion therapy (Ellis et al.  1987 ; 
Moradian and Karimi  2009 ). They may also be 
associated with occult microvascular abnormali-
ties (Tabassian et al.  1995 ) and Gorlin syndrome 
(de Jong et al.  1985 ). Myelinated nerve fi bers do 
not usually reduce visual acuity. However, it may 
produce relative scotomas depending upon their 
location and the number of fi bers present. The 
scotomas are smaller than what the size of the 

  Fig. 28.3    Optic disk drusen. SD-OCT shows an elevated optic nerve head with an abrupt tapering of the hyporefl ective 
space located between the sensory retina and the retinal pigment epithelium and choriocapillaris       
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myelinated fi ber would suggest. The time domain 
and SD-OCT features of myelinated nerve fi ber 
have been described by Salvatore et al. (Salvatore 
et al.  2011 ). Increased refl ectivity and thickness 
of the retinal nerve fi ber layer (RNFL) in the area 
of the myelinated fi bers were reported. 
Furthermore this characteristic was accompanied 
by a posterior cone of shadowing. Three- 
dimensional OCT features of myelinated nerve 
fi ber were described by Saxena and Jain. They 
observed an abrupt termination of the structures 
posterior to the hyperrefl ective RNFL due to the 
back shadowing produced by the thickened nerve 

fi ber layer. The steeply elevated area of myelin-
ated nerve fi ber as observed on 3D-OCT acted as 
an optical barrier creating an area of non- 
refl ectivity seen amidst the hyperrefl ective area 
as seen on the C-scan (Saxena and Jain  2011 ) 
(Fig.  28.4 ).

28.5        Solar Burn 

 Solar retinopathy is a retinal damage, particu-
larly the macula that results from exposure to 
solar radiation. On fundus examination in the 

a b

c d

  Fig. 28.4    Myelinated nerve fi ber. ( a ) The fi ve-line raster 
of the optic disk on OCT shows increased refl ectivity of 
the retinal nerve fi ber layer (RNFL). ( b ) The ellipsoid 
zone and the retinal pigment epithelium show an abrupt 
end at the beginning of the hyperrefl ective RNFL. ( c ) The 
3D-OCT shows an elevation around the optic disk supra-
nasally due to myelinated nerve fi bers. ( d ) C-scan at the 

level of the retinal pigment epithelium shows areas of 
hyperrefl ectivity corresponding to the area of the myelin-
ated fi bers. The optic nerve head is seen as hyporefl ective 
area. The retinal vessels and the most elevated part of the 
myelinated nerve fi bers are seen as non-refl ective areas 
(Figures reprinted with permission from A. Jain and 
S. Saxena)       
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initial period, there is a foveolar yellow spot. 
With the passage of time, this gets replaced by 
a very small sharply delimited red lesion or by 
a hypopigmented lesion with irregular margins. 
Solar burn is the smallest form of a macular 
hole. Visual acuity is relatively well main-
tained. Optical coherence tomography (OCT) is 
the most sensitive diagnostic imaging technique 
to detect the subtle macular changes in solar 
retinopathy which might get missed clinically 
and on fundus fl uorescein angiography. It helps 
delineating the retinal injury site in vivo. 
Bechmann et al. for the fi rst time described 
solar retinopathy as a hyperrefl ective area at the 
fovea with all retinal layers affected using time 
domain OCT (Bechmann et al.  2000 ).Acute 
changes seen on OCT predominantly include 
the RPE and outer photoreceptor segments, 
while chronic changes (more than 1 year from 
exposure) mainly affect the inner and outer 
photoreceptor segments. A tiny punched- out 
disruption of the pigment epithelial layer on 
OCT is pathognomonic of solar burn. Other 
OCT changes which have been observed 
include transient increase in foveal refl ectivity 
and disruption of the inner and outer segments 
of the photoreceptor layers with or without 
underlying RPE defects. In many cases the 
changes are reversible, but solar retinopathy 
can lead to permanent visual impairment. 
Worse long-term vision is signifi cantly related 
to the presence of photoreceptor layer damage 
on OCT (Chen et al.  2012 ; Codenotti et al. 
 2002 ; Garg et al.  2004 ; Hossein et al.  2011 ; 
Garg et al.  2004 ; Kaushik et al.  2004 ) 
(Fig.  28.5 ).

28.6        Electric Burn 

 Trauma to the ocular tissue following high- 
voltage electric current injury is a result of many 
factors that include disruption of the cell mem-
brane, generation of heat, and vasoconstriction 
leading to tissue ischemia. Current traveling 
through the RPE is converted into thermal energy 
that is high enough to disrupt the retina. In initial 
acute response following electric shock injury, 
there is retinal opacifi cation with increased retinal 
thickness. Subsequently this progresses to retinal 
atrophy. As the macula has a higher concentration 
of melanin, macular involvement is encountered 
more commonly following high- voltage electric 
current injury. Macular manifestations include 
macular edema, macular cyst, and full-thickness 
macular hole. Gass described that initial macular 
edema may be replaced later by a macular cyst or 
a macular hole. These macular changes are asso-
ciated with loss of vision. Macular cysts may 
simulate a full-thickness macular hole clinically; 
OCT imaging is valuable in demonstrating the 
nature of such foveal lesions that resemble macu-
lar holes. The OCT shows thin residual inner reti-
nal tissue and intact RPE suggestive of intraretinal 
macular cysts. Reports suggest that despite the 
appearance of various macular lesions and initial 
visual loss, the fi nal visual recovery may be rela-
tively good. Macular cysts may undergo sponta-
neous resolution and improvement in visual 
acuity. Thus OCT also helps in prognosticating 
these cases (Sony et al.  2005 ; Tandon et al.  2013 ).  

28.7     Retained Intraocular 
Foreign Body 

 Standard imaging modalities available to detect 
RIOFB (retained intraocular foreign body) 
include orbital X-ray, ultrasound B-scan, 
 computed tomography (CT) scan, and magnetic 
resonance imaging (MRI) especially in eyes with 
opaque media. OCT may serve as an important 
adjunctive imaging tool in the evaluation of inju-
ries to the posterior segment associated with clear 
media. Metallic foreign body impacted near the 

  Fig. 28.5    Solar burn. SD-OCT shows punched-out dis-
ruption of the outer photoreceptor segment and retinal 
pigment epithelium       
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macula and imaged by OCT appears as an area of 
hyperrefl ectivity with marked posterior shadow-
ing. It can be useful in exact localization of depth 
of the foreign body on or within the retina or cho-
roid, scanning the retina surrounding the RIOFB 
to assess consequent changes and postoperative 
assessment of the macula. OCT may also be used 
as a diagnostic tool for IOFBs that are not seen 
clinically or are too small for the detection limits 
of standard imaging techniques. Other subtle 
changes like posterior vitreous detachment sta-
tus, detection of vitreomacular traction, epiretinal 
membranes, and quantifi cation of increased mac-
ular thickness can also help in formulating a sur-
gical plan and prognostication of treatment 
outcome. The main drawback of this technique, 
however, is the need for clear media, user depen-
dency, limited assessment of highly refl ective 
foreign bodies due to back shadowing and allow-
ing scanning only in a limited area in the poste-
rior pole near or within the retina (Pal et al.  2005 ; 
Rishi et al.  2009 ; Turkcuoglu and Turgut  2009 ).     
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29.1          Overview 

 The implementation of spectral domain OCT 
diagnostic technique into the intraoperative 
process (iSD-OCT) has drastically improved 
our understanding of the behavior of ocular tis-
sue during surgical intervention. Being fully 
integrated into the surgical microscope, iOCT 
systems allow the surgeon to perform iSD-OCT-
guided eye surgery without any interruption of 
workfl ow. This chapter reveals the historical 
aspects of iSD-OCT development, specifi cs of 
its exploitation, technical characteristics, as well 
as its application for use in ophthalmic microsur-
gery. Multiple ongoing studies are going to deter-
mine the feasibility of iSD-OCT in everyday use 
for certain surgical procedures in the future.  

29.2     Introduction 

 During the last two decades, optical coherence 
tomography (OCT) became an indispensable 
diagnostic method in ophthalmology, which dra-
matically revolutionized the fi eld, allowing to 
diagnose and monitor eye diseases (Fercher et al. 
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 2003 ; Huang et al.  1991 ; Yaqoob et al.  2005 ). The 
evolution of OCT from time domain (TD-OCT) 
to spectral domain (SD-OCT) made this diagnos-
tic technique more precise and accurate, which in 
turn provided us with so-called optical biopsy, a 
noninvasive and noncontact in vivo imaging of 
living tissue (Fercher et al.  2003 ; Fujimoto et al. 
 2000 ). Examination of ocular tissues during the 
surgery was always highly desirable for every 
practicing eye surgeon. The integration of OCT 
into the surgical process was a logical and irre-
versible step toward discovering the possibilities 
of this novel diagnostic approach. Therefore, an 
intraoperative OCT (iOCT) was developed that 
has made a tremendous impact on our perception 
of surgical procedures in situ. 

 The emergence of iOCT is linked to the con-
cept of an image-guided intervention (IGI) 
method that facilitates high precision in clinical 
diagnosis (Huang et al.  2012 ; Yaqoob et al.  2006 ). 
Based on different computer systems, the IGI 
method aims to create image overlays during the 
surgical intervention in order to assist the sur-
geon to better visualize and manage living tis-
sues. There are many well-known medical 
imaging techniques, such as computed tomogra-
phy, magnetic resonance imaging, ultrasound, 
etc., which provide important information in the 
course of treatment. The OCT is one of the bio- 
imaging techniques that deliver the image visual-
ization with high sensitivity and high resolution. 

 Being a well-accepted diagnostic imaging 
modality in different medical specialties, OCT 
started to be used not only before and after treat-
ment but also during surgical interventions and 
invasive diagnostic examinations (Ehlers et al. 
 2014b ,  d ,  f ; Feldchtein et al.  1998 ; Li et al.  2000a , 
 b ; Rollins et al.  1999 ; Sergeev et al.  1997 ; Sivak 
et al.  2000 ; Zivelonghi et al.  2014 ). The feasibil-
ity of performing clinical OCT imaging has been 
demonstrated in a number of studies which show 
a broad range of current and future clinical appli-
cations. Among the medical fi elds where iOCT is 
already used are ophthalmology, neurosurgery, 
otorhinolaryngology, cardiology, breast cancer 
surgery, dentistry, gastroenterology, and respira-
tory tract diseases (Ehlers et al.  2014a ,  b ,  c ,  g ; 
Feldchtein et al.  1998 ; Hanna et al.  2005 ; Kraft 

et al.  2008 ; Li et al.  2000a ,  b ; Rollins et al.  1999 ; 
Sergeev et al.  1997 ; Sivak et al.  2000 ; Terashima 
et al.  2012 ; Zivelonghi et al.  2014 ). For example, 
the intraoperative SD-OCT (iSD- OCT) imple-
mentation into neurosurgical procedures has 
improved the diagnostic value of this technology 
in the detection of residual tumor tissue within 
the wall of a resection cavity, as it is able to dis-
tinguish between diffuse growth pattern and a 
low inherent contrast of a tumor and adjacent 
normal brain tissue (Boppart et al.  1998 ; Giesea 
et al.  2006 ). In breast cancer surgery, iOCT 
became an alternative imaging technique to 
X-ray mammography (Nguyen et al.  2010 ). The 
big advantage is that iOCT may replace the 
microscopic postoperative tissue assessment to a 
real-time intraoperative assessment of the tumor 
margin containing a larger amount of samples. In 
the fi eld of dental oncology, OCT was found to 
be useful as it facilitates noninvasive imaging of 
near-surface abnormalities in complex tissue 
(Aggarwal et al.  2013 ). In cardiology, iOCT can 
provide detailed information about dissection, 
tissue prolapse, thrombi condition, and stent 
position during percutaneous coronary interven-
tion (PCI), etc. (Regar et al  2011 , Zivelonghi 
et al.  2014 ). 

 However, ophthalmology remains one of the 
fi rst medical fi elds in which intraoperative OCT 
became a rapidly developing diagnostic tool, 
facilitating the examination of almost all ocular 
tissues (Ehlers et al.  2014d ,  e ,  f ).  

29.3     History 

 The idea of mobile OCT systems arose from the 
necessity to create the conditions in which OCT 
examination would be possible in uncooperative 
pediatric patients or those with limited mobility 
(musculoskeletal disorders, unconsciousness) 
and limited access (hospital fl oor patients, those 
in isolation). Therefore, a noncontact intraopera-
tive imaging system is needed to become avail-
able for patients that are in a supine position. 

 The fi rst intraoperative OCT scans were per-
formed with standard OCT systems that were 
mounted to a modifi ed holder and draped with 
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sterile tissues during surgery (Dayani et al.  2009 ; 
Fujimoto et al.  2000 ). Endoscopic OCT probes 
have also been developed for diagnostic pur-
poses. These small-gage probes became possible 
due to their single-mode fi ber (SMF) of light 
delivery in OCT systems, which is important for 
small-gage surgery (Bouma and Tearney  1999 ). 

 Cynthia Toth is considered to be the pioneer of 
iOCT and world expert in retinal imaging with 
optical coherence tomography (Dayani et al. 
 2009 ; Scott et al.  2009 ; Tao et al.  2010 ). At Duke 
University, Toth and her group were the fi rst who 
reported fi ndings about a handheld spectral 
domain OCT system for research purposes using 
the Bioptigen Spectral Domain Ophthalmic 
Imaging System (SDOIS) (Bioptigen Inc., 
Research Triangle Park, NC, USA). 1  The exami-
nation of an area of interest was performed dur-
ing a pause in surgery with a noncontact handheld 
OCT device, covered in a sterile drape, while the 
microscope was moved away from the surgical 
fi eld (Tao et al.  2010 ). Toth was also the fi rst who 
reported about the use of a handheld iOCT for 
infant examination and the use of swept source 
OCT (SS-OCT) imaging during macular surgery 
(Chavala et al.  2009 ; Hahn et al.  2011 ; Maldonado 

1   Bioptigen Spectral Domain Ophthalmic Imaging System 
(SDOIS) (Bioptigen, Morrisville, NC, USA). 

and Toth  2013 ; Maldonado et al.  2010 ; Toth et al. 
 2015 ). 

 At the Cleveland Clinic, Sunil Srivastava and 
Justis Ehlers were the fi rst to report about the use 
of a microscope-mounted OCT system (Ehlers et 
al.  2011a ,  b ; Srivastava  2010 ; Srivastava et al. 
 2011 ). The enhanced imaging was improved by 
implementation of higher stability and better 
control of the device. They also initiated the pro-
spective intraoperative and perioperative OCT 
(PIONEER) study, which is aimed at discover-
ing the possible applications for use of intraop-
erative OCT imaging (Ehlers et al.  2014a ,  2015 ; 
Mehta  2011 ). 

 In 2008, our group, led by Susanne Binder, 
started to use the prototype of the fi rst surgical 
microscope integrated iOCT system, using a 
spectral domain-based Cirrus HD-OCT™ (Carl 
Zeiss Meditec, Oberkochen, Germany) 
(Fig.  29.1 ). In our experience, the iOCT facili-
tated OCT imaging during surgery without inter-
ruption of the surgical procedure (Binder et al. 
 2010 ,  2011 ; Matz et al.  2012 ). Targeting and 
imaging of desired areas were controlled via an 
external monitor. There was therefore no direct 
OCT control using the foot pedal. Later in 2014, 
Binder and her group were the fi rst to start the 
clinical use of a commercially available spectral 
domain iOCT system that was fully integrated 
into the microscope (Rescan 700, Carl Zeiss 

a b

  Fig. 29.1    ( a ) The prototype of the fi rst surgical 
microscope- integrated iSD-OCT system based on Cirrus 
HD-OCT™ source and running the 4.5.1.11 Cirrus 
HD-OCT™ acquisition software adapted to the optical 

pathway of a Zeiss OPMI VISU 200™ SM (Carl Zeiss 
Meditec, Oberkochen, Germany). ( b ) iSD-OCT scan of an 
epiretinal membrane with a vitreomacular traction       
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Meditec, Oberkochen, Germany). 2  The integra-
tion of the iOCT image in the ocular of the micro-
scope and foot pedal control enables performing 
iOCT scanning without interruption of the surgi-
cal procedure. This is the main advantage com-
pared to the previous prototype. Since then, 
various OCT systems, which are described below, 
were adapted for intraoperative use.

29.4        Equipment 

29.4.1     Intraoperative Optical 
Coherence Tomography 
Probes 

 A wide range of OCT systems provide imaging 
of eye structures that are perpendicular to the 
scanning beam, including the cornea, iris, lens, 
macula, optic nerve, retinal nerve fi bers, and cho-
roid. Straight beam delivery, however, lacks the 
ability to image peripheral structures. 
Additionally, the OCT signal becomes degraded 
and distorted in eyes with dense media, such as 
mature cataracts or vitreous opacities, which 
result in low-quality images (Fercher et al.  2003 ). 
The ability of forward-imaging intraocular OCT 
probes to provide real-time cross-sectional scan-
ning of inner ocular structures gives this method 
a unique value during eye microsurgery. The 
main advantage of the iOCT probe is that it can 
scan almost any part of the anterior and posterior 
eye segments depending on the placement 
through the bypassing mechanism with a direct 
view of structures that are unreachable using 
external OCT systems (Li et al.  2000a ,  b ; OKT 
 1300 -E BioMedTech; Sun et al.  2014 ). 

 According to the direction of the optical scan-
ning mechanism, the OCT probes can be divided 
into two main types: side-imaging probes and 
forward-imaging probes (Sun et al.  2014 ). The 
three main probe parameters are fi eld of view, 
scanning range, and scanning rate. OCT side- 
scanning probes with different sizes have been 
designed to examine tissues within tubular struc-

2   Rescan 700 (Carl Zeiss Meditech, Oberkochen, 
Germany). 

tures. Those OCT probes are being successfully 
utilized in imaging of the esophagus, coronary 
arteries, etc., with a lateral resolution up to 
10 μm. The fi rst side imaging, 27-gage needle 
probe OCT, was designed by Li et al. in 2000 for 
interstitial imaging of different organs (Li et al. 
 2000a ,  b ). A forward-imaging OCT probe, with 
relatively large diameter, has also been used to 
image bladders (Feldchtein et al.  1998 ). Usually, 
two-dimensional (2D) data imaging is provided 
by forward-imaging probes. By using 2D imag-
ing with a combination of probe rotation or linear 
movement, three dimensional (3D) images can 
be obtained. A forward-imaging probe would be 
most desirable to examine the inner structures of 
a hollow organ such as the eye, in order to evalu-
ate the retina. 

 The capability of OCT probes for real-time 
cross-sectional extraocular and intraocular imag-
ing is considered to be effective for intraoperative 
diagnosis and surgery. The diameter of the probe 
is also an important issue, as it has to fi t through 
a standard surgical entry port, preferably 23- or 
25-gage. An important issue that is specifi c to the 
probe is that the tip must be positioned within 
close proximity to delicate tissues, such as the 
retina (Binder et al.  2011 ). A wide range of iOCT 
probes has been developed to visualize posterior 
pole and peripheral inner eye structures (Li et al. 
 2000a ,  b ; OKT  1300 -E BioMedTech;Stolyarenko 
et al.  2011 ; Sun et al.  2014 ). The average scan-
ning range is 1–2 mm with an axial resolution of 
4–6 μm and a lateral resolution of 25–35 μm. The 
distance between imaged structures and the probe 
tip has to be 1.6–4 mm, and the acquisition qual-
ity is dependent on the surgeon’s ability to hold 
the probe steadily. 

 In 2007, at the Posterior Eye Segment 
Diagnostics and Surgery Center in Moscow, 
Russia, G. Stolyarenko and his group started to 
use the OKT 1300-E (BioMedTech, Russia) – a 
universal OCT system that can be used with both 
anterior and posterior segment probes (23- and 
25-gage) (Fig.  29.2 ). The OKT 1300-E has scan 
depth of 1.8–2 mm, a depth resolution of 10 μm 
in air, with an acquisition rate 20,000 A-scans/s 
(Table  29.1 ) (OKT  1300 -E BioMedTech; 
Stolyarenko et al.  2011 ). The main application 
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for anterior segment use was the differentiation 
of malignancies of the conjunctiva, localization 
of the site of biopsy, visualization of the cornea, 
iris, and anterior chamber, as well as intraopera-
tive control during tumor resection. During pos-
terior segment surgery, it was used intraoperatively 
to detect epiretinal membranes, assess vitreo-
macular traction, and control surgical maneuvers 
and outcome (Fig.  29.3 ).

     In 2013, K. Joos and J. Shen reported the use 
of the smallest self-contained 25-gage handheld 
forward-imaging B-scan OCT probe for ophthal-
mic examination (Joos and Shen  2013 ). This new 
iOCT probe was adapted to an SD-OCT system 
Bioptigen Inc. 1 which delivered 700 μW of power, 
central wavelength of 870 nm, with 2,000 A-scans 
per B-scan. Optimal working distance was 
3–4 mm from the probe tip to the targeted tissue. 
The intraocular OCT probe was meant to permit 
evaluation of structures beyond the central poste-

rior pole of the eye, such as the peripheral retina 
and ciliary body. The possibility of iOCT probes 
to scan the peripheral structures of the eye is a 
very promising capability for the understanding 
of certain eye diseases. However, the narrow fi eld 
of the OCT image and interruption of the surgical 
workfl ow in order to perform the scanning limit 
its use.  

29.4.2     Handheld Optical Coherence 
Tomography Systems 

29.4.2.1     Bioptigen Envisu SDOIS 
 Their Bioptigen Envisu Spectral Domain 
Ophthalmic Imaging System (SDOIS) was 
 developed to capture, process, display, and save 
depth- resolved images of ocular tissue micro-
structures based on a spectral domain OCT 
source Bioptigen Inc. 1  (BioptigenEnvisu  2015 ) 

a b

c

  Fig. 29.2    iOCT system OKT 1300-E (BioMedTech, 
Russia) ( a ) with a 23-gage posterior segment endoprobe 
( b ). Acquisition of the iOCT with endoprobe during pars 

plana vitrectomy ( c ) (Photos printed with the permission 
of Prof. G. Stolyarenko)       
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Bioptigen SDOIS is a noncontact, portable, 
handheld SD-OCT system. The SD-OCT engine 
is connected via a 1.3-m fl exible cable to the 
imaging handpiece that is used by the operator. 
The OCT unit is mounted on a trolley cart to 
increase the mobility in the operating room, as 
well as a screen, keyboard, and printer. A refer-
ence arm position adjuster with digital readout is 
also included into the OCT system. The handheld 
probe has a focus adjustment system and a diop-
ter scale bar with a range of +10 to −12 D. The 
custom software (Bioptigen, Durham, NC, USA) 
enables imaging, analyzing, and archiving of the 
acquired data. The technical characteristics of 
Bioptigen SDOIS are a wavelength of 
830 ± 30 nm, an axial resolution of 3.3 μm 

(2.4 μm in tissue), a scan depth of 3.4 mm 
(2.5 mm in tissue), and an acquisition rate of 
32,000 A-scans/s (Table  29.1 ). 

 In 2009, C. Toth and her group reported the 
use of an FDA-approved portable, noncontact, 
handheld SD-OCT unit by Bioptigen Inc. 1  
(Bouma and Tearney  1999 ; Scott et al.  2009 ). 
The OCT system consisted of an imaging 
handpiece connected to an SD-OCT engine 
and mounted on a trolley cart. To adjust the ref-
erence arm position, a calibrated knob was 
used. The focus correction adjustment of the 
handheld probe ranged from +10 to −12 D. J. 
Ehlers and his group at the Cole Eye Institute 
reported the use of two different prototype 
microscope- mounted systems. In the fi rst one, 

        Table 29.1    Technical characteristics of the OCT systems that are used during ophthalmic surgery   

 Characteristics 

 OKT 1300-E 
(BioMedTech, 
Russia) 

 Bioptigen 
SDOIS 
(Bioptigen, 
Morrisville, 
NC, USA) 

 iVue scanner 
(Optovue, Fremont, 
CA, USA) 

 iOCT® 
(Optomedical 
Technologies 
GmbH, Lübeck, 
Germany) 

 Rescan 700 
(Zeiss, 
Oberkochen, 
Germany) 

 OCT source  Spectral domain  Spectral 
domain 

 Spectral domain  Spectral domain  Spectral 
domain 

 OCT image  20,000 A-scan/s  32,000 
A-scans/s 

 28,000 A-scan/s  10,000 
A-scans/s 

 27.000 
A-scans/s 

 Frame rate  20 frames/s  256–1024 A-scan/
frame 

 10 frames/s 

 Depth resolution  10 μm in air  3.3 μm in air 
(2.4 μm in 
tissue) 

 5.0 μm in tissue  10 μm in air  5.5 μm in 
tissue 

 Traverse 
resolution 

 15 μm (retina)  15 μm (retina) 

 Scan range depth  1.8–2 mm  3.4 mm 
(2.5 mm in 
tissue) 

 2–2.3 mm (retina)  4.2 mm  2.0 mm 

 Scan beam 
wavelength 

 1310 nm  830 ± 30 nm  840 ± 10 nm  800 nm  840 nm 

 Exposure power 
at pupil 

 700 μW 
(1500 μW 
max) 

 750 μW 

 Lateral scan 
width 

 1.6–2.4 mm  13 × 9 mm external 
image 

 5–30 mm 
dependent on 
microscope 
zoom 

 3–16 mm 
(scan rotation 
360°) 

 Recording 
options 

 Videos, 
snapshots, and 
3D images 

 Videos, 
snapshots 

 Videos, snapshots, 
3D en face analysis 
upgrade 

 Videos, 
snapshots, and 
3D images 

 Videos, 
snapshots 

 Working distance  4 mm  22 mm/15 mm 

 Motorized focus 
range 

 +10D to −12D  −15D to ± 12D 
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the handheld system was fi xed below the lens 
of the microscope. The surgeon was therefore 
able to use an undraped microscope. In the sec-
ond system, a modifi ed plate was used to posi-
tion the OCT probe to the side of the scope, 
and the entire system had to be draped (Ehlers 
et al.  2011a ,  b ; Srivastava  2010 ; Srivastava 
et al.  2011 ).  

29.4.2.2     iVue® SD-OCT 
 The iVue® SD-OCT (Optovue, Fremont, CA, 
USA) is a commercially available, portable, com-
pact OCT system with the capability to perform a 
quantitative analysis of the obtained data (Optovue, 
iVue. SD-OCT  2015 ). The iVue includes a spectral 
domain source and provides a complete posterior 
and anterior segment scanning with an axial depth 
resolution of 5 μm, a traverse resolution for retina 

of 15 μm, and an OCT A-scan acquisition rate of 
28,000 A-scans/s (Table  29.1 ). The depth of the 
OCT scan is 2–2.3 mm. Minimum pupil diameter 
required is 2.5 mm. The working distance is 
22/15 mm. The motorized focus can be adjusted in 
a range from −15D to ± 12D (Optovue). The soft-
ware enables the creation of retina, glaucoma, and 
cornea scans and reports live video and en face 
images. The iVue® SD-OCT software can be 
upgraded with ganglion cell complex analysis 
which provides the ability to identify ganglion cell 
loss. The 3D en face analysis upgrade provides 
virtual dissection of the retina and the optic disk 
with 67 million data points within a 512 × 128 
dense cube and high-density 3D volume for visu-
alization and analysis of the eye tissue structures. 
The iVue can be mounted to the iStand, a rolling 
fl oor stand option which enables scanning of the 

a b

c d

  Fig. 29.3    iOCT imaging of the retina ( a ,  b ) with a 
23-gage probe (OKT 1300-E (BioMedTech, Russia) in 
comparison to the preoperative OCT ( color scale ,  a ). A 

2D ( c ) and a 3D ( d ) visualization of the retina with the 
OKT 1300-E endoprobe (Photos printed with the permis-
sion of Prof. G. Stolyarenko)       
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patients in different positions, including the supine 
position and moving the OCT system around. 

 The use of handheld OCT systems leads to a 
number of diffi culties. For example, it is diffi cult 
to reach a proper stabilization of the units in order 
to obtain good images. The use of handheld sys-
tems can adversely affect the sterility of the sur-
gical fi eld with the risk of potential complications. 
The surgeon has to interrupt the surgery, remove 
the microscope, and adjust the OCT system, 
making the procedure time-consuming. Even 
with the custom microscope mount, the micro-
scope has to be removed from the surgical fi eld. 
In addition, with handheld OCT systems, it is 
impossible to image surgical maneuvers them-
selves. The quantitative data analysis also has to 
be improved.   

29.4.3     Microscope-Integrated 
Intraoperative Optical 
Coherence Tomography 
Systems 

29.4.3.1     Microscope-Integrated OCT 
(Mi-OCT) 

 A custom microscope-integrated OCT (Mi-OCT) 
system was developed by the team led by Toth 
and Izatt at Duke Eye Center, by implementing 
the OCT scanner into the surgical microscope 
(Hahn et al.  2013a ,  b ). For OCT imaging, a com-
mercially available SD-OCT engine Bioptigen 
Inc. 1  (Table  29.1 ) with a near-infrared light 
source, 700 μW of power, and a 5.2 μm axial 
resolution in air was integrated into the surgical 
microscope Leica M844 (Leica Microsystems, 
Switzerland) using a Leica digital imaging color 
module (DI C800). The Mi-OCT system enables 
simultaneous, wide-fi eld noncontact, real-time, 
cross-sectional iOCT imaging of retinal struc-
tures including intraocular surgical manipu-
lations without impairing the surgeon’s view 
through the surgical microscope. Recently, the 
Mi-OCT was upgraded with a swept source OCT 
(SS-OCT) engine and customized with tracking 
hardware and software to target the OCT beam 
to the area of interest. The SS-OCT makes it pos-
sible to obtain many individual scans in the same 
time needed to obtain only a single scan using 

SD-OCT. With the new software, 3-dimensional 
real-time visualization of the retina is possible.  

29.4.3.2     iOCT® OPMedT 
 Universal iOCT® camera by OPMedT 
(Optomedical Technologies GmbH, Lübeck, 
Germany) can be mounted to the standard camera 
port on a surgical microscope (HS Hi-R Neo 900A 
NIR, Haag-Streit Surgical GmbH) (iOCT®) (iOCT. 
Haag-Streit  2015 ). An additional M.DIS touch 
screen is available. The system has an SD-OCT 
source, 800 nm wavelength, 10,000 A-scans/s, and 
10 μm axial resolution in air. As the iOCT engine 
itself is not directly integrated into the microscope 
stand, future upgrades and multiple screens are pos-
sible (Table  29.1 ). The iOCT images are injected 
into both oculars where they are superimposed 
over the microscopic view. The system ensures the 
same focus for iOCT and microscope. The zoom in 
the microscope can also magnify the iOCT image. 
The scan window depth is 4.2 mm. The second 
microscope-mounted display is installed close to 
the oculars. The microscope and iOCT adjustment 
is enabled via foot control for which the settings 
can be customized and saved. It can be used in both 
anterior and posterior segment surgeries, as well as 
in ENT and neurosurgery (Fig.  29.4 ). But up to the 
date, the use of OPMedT OCT system is widely 
described in the fi eld of keratoplasty (iOCT®). The 
software enables the standard recording and edit-
ing of the surgery fi lms and snapshots. Also, the 
generation of 3-dimensional images out of 30 con-
secutive images is possible.

29.4.3.3        Rescan 700 
 The Carl Zeiss Meditec Rescan 700 is the fi rst 
commercially available CE approved iOCT sys-
tem which is fully integrated into the foot stand 
of the operating microscope OPMI LUMERA 
700 Carl Zeiss Meditec. 2  (Fig.  29.5a ) (Rescan 
700 Carl Zeiss Meditech 2015, Ehlers et al. 
 2014b ). The system has a spectral domain OCT 
engine with a wavelength of 840 nm and a scan-
ning speed of 27,000 A-scans per second and is 
incorporated into the head of the microscope 
without causing any loss of function. The main 
scan parameters are the following: A-scan depth 
(2.0 mm in tissue), axial resolution (5.5 μm in 
tissue), scan length adjustable from 3 to 16 mm, 
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and scan rotation adjustable 360° (Table  29.1 ). 
Scan modes for live fi lm acquisition and snap-
shot capture are available (1-line, 5-line, cross 
hair). The Callisto eye system includes a touch 

screen and a 500 GB hard drive. The Callisto eye 
software adapts the iOCT acquisition to the dif-
ferent optics used with the Resight viewing sys-
tem (60 D, 128 D lenses are included) and 

a b

c d

  Fig. 29.4    iOCT imaging of a healthy cornea ( a ) lens, ( b ) 
retina, ( c ) and 3D visualization of the retina ( d ) with 
iOCT® camera by OPMedT (Optomedical Technologies 

GmbH, Lübeck, Germany) (Photos printed with the per-
mission of Prof. C. Cursiefen and Prof. J. Szafl ik)       

a b

  Fig. 29.5    iSD-OCT system Rescan 700 fully integrated 
into the foot stand of OPMI LUMERA 700 2  (Rescan 700 
(Carl Zeiss Meditec, Oberkochen, Germany)). ( a ) 

Head-up display built into the ocular of OPMI LUMERA 
700 2  (Rescan 700 (Carl Zeiss Meditec, Oberkochen, 
Germany)) ( b )       
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contact lenses for macular surgery. Due to the 
live iOCT images being directly injected into 
one of the surgeon’s oculars, the surgeon does 
not need to change the direction of his gaze dur-
ing surgery in order to see the iOCT images 
(Fig.  29.5b ). The surgeon can easily control the 
key options of the Rescan 700 OCT system from 
the microscope’s foot pedal, quickly turning it 
on and off, triggering OCT videos, and capturing 
SD-OCT images without looking up or inter-
rupting the surgery.

29.5          Intraoperative Optical 
Coherence Tomography 
Imaging 

 While performing iOCT, the surgeon needs to be 
aware of the two main scanning modes: fi lming 
and snapshots. Both modes allow the surgeon to 
observe, analyze, and process the data in real 
time and after the surgery. 

29.5.1     Acquisition 

 Anterior segment iOCT visualization usually can 
be achieved directly by handheld iOCT systems 
or through the objective lens of the ophthalmic 
surgical microscope into which the iOCT is inte-
grated (Fig.  29.6a ). By using the macular surgery 
contact lens, a wider and better visualization of 
the anterior segment can be achieved (Fig.  29.6b ). 
The two most important prerequisites to obtain 
high-quality posterior segment iOCT are clear 
optical media and normal intraocular pressure 
(IOP). To obtain an iOCT image using a probe, it 
has to be placed close to the desired ocular struc-
ture at a distance of 1.6–4 mm. In handheld and 
microscope-integrated OCT systems, posterior 
segment iOCT scanning is possible without any 
additional optics but with an inferior quality and 
magnifi cation. The wide angle, noncontact view-
ing systems, such as Resight 700 (Carl Zeiss 
Meditec, Germany), EIBOS II (Haag-Streit 
Surgical GmbH, Germany), and Oculus BIOM 3 
(OCULUS Optikgeräte GmbH, Germany) with 

a b

c
d

  Fig. 29.6    iSD-OCT imaging of healthy cornea through 
the objective lens of the ophthalmic surgical microscope 
( a ). Anterior segment iOCT visualization with the use of 
a contact macular lens ( b ). iOCT scanning of the ERM 
through a contact lens for macular surgery ( c ). Shadowing 

from the end-gripping forceps ( c ,  arrow ). Visualization of 
the vitreoretinal adhesion enhanced by triamcinolone ace-
tonide ( d ,  arrow ). iOCT images made with iSD-OCT sys-
tem Rescan 700 2  (Rescan 700 (Carl Zeiss Meditec, 
Oberkochen, Germany))       
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wide-fi eld ophthalmic lens, can be used together 
with iOCT units. Any contact lens for macular 
surgery could also facilitate iOCT capturing with 
a higher magnifi cation (Fig.  29.6c ). The type of 
optics used has to be taken into consideration and 
adjusted in the iOCT systems settings if 
possible.

   For imaging posterior retina, the best quality 
of iSD-OCT scans can be obtained in patients 
with clear cornea, pseudophakia, and no poste-
rior capsule or vitreous opacities. The intraopera-
tive swelling of the lens or cornea can infl uence 
on the quality of iOCT scans. Therefore, caution 
has to be maintained while manipulating close to 
them. Additionally, the surgery duration has to be 
optimal. It was shown that enhancement of the 
visualization of semitransparent tissues and tis-
sue planes with triamcinolone acetonide or indo-
cyanine green (ICG) may provide further 
improvement in surgeon feedback (Fig.  29.6d ), 
Video 29.1 (3) (Ehlers et al.  2010 ,  2014c ). 

 Any type of anesthesia is suitable for iOCT 
scanning. In the case of local drop anesthesia, 
the patient can be asked to fi xate or follow the 
illuminated target point produced by iOCT 
machine if the preoperative vision is suffi cient. 
The best conditions for iOCT imaging are com-
plete akinesia and straight alignment of the eye. 
In addition, the centering of the iOCT image can 
be adjusted by centering the eye with the for-
ceps or a fi xation ring. Acquisition of the iOCT 
images usually is controlled via foot pedal or 
with help of an assistant. After activating the 
iOCT, a real-time video of OCT imaging starts 
running. Snapshot mode allows the acquisition 
of separate scans of a selected area. All data can 
be recorded and post- processed with supple-
mentary software. 

 Besides the ocular tissues that can be visual-
ized with iOCT, any anterior or posterior segment 
instrument that is introduced into the eye can pro-
duce hyperrefl ectivity and shadowing in the 
iOCT image (Fig.  29.6c ) (Hahn et al.  2013a ,  b ). 
The ability to image the instruments while using 
them within the eye is a unique feature that can 
help to control the safe distance to the ocular tis-
sues and prevent any undesirable contact that 

may result in iatrogenic trauma. Tracking the 
instruments with iOCT during the entire surgery 
would be challenging as the surgeon rarely stays 
steady with the hands while performing a lot of 
tiny maneuvers. 

 The visualization of ophthalmic surgical 
maneuvers could also be improved with the use 
of iOCT enhanced with special additional lenses 
and mechanical enhancements. Tao and his group 
have demonstrated the use of an integrated elec-
trically tunable lens that allows rapid focal plane 
focusing and iOCT imaging of ocular tissues of 
anterior and posterior segments in enucleated 
porcine eye (Tao et al.  2014 ). The real-time surgi-
cal maneuvers were visualized by acquiring spa-
tially compounded volumetric data sets which 
allowed segmentation of the surface of a 
diamond- dusted scraper and retina on individual 
cross-sectional images (Hahn et al.  2013a ,  b ). 
The study data provide integrative visualization 
of the membrane scraper position relative to the 
retina surface.  

29.5.2     Calibration 

 The lack of calibration in iOCT systems limits 
the analysis of acquired data. The problem of 
iOCT system calibration is due to the constantly 
changing optical media during the surgery. The 
system would have to be recalibrated every time 
a different lens is used during surgery as well as 
at every change in magnifi cation of the micro-
scope. Nevertheless, some graphic software does 
offer substantial measurements of the tissues that 
can be used to show the difference, time dynam-
ics in length, width, height, or volume. Due to the 
calibration issue, these measurements are only 
relative and not absolute. 

 Toth used a handheld SD-OCT unit by 
Bioptigen Inc. 1  to image the retina of infants. The 
iSD-OCT system was complemented with a cali-
brated knob to adjust the reference arm position 
with a digital readout. A manufacturer-supplied 
calibration factor was used to convert the readout 
units to optical distance in millimeters 
(Maldonado et al.  2010 ).  
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29.5.3     Post-processing 

 iOCT data post-processing is a very important 
step that usually is time-consuming but also 
reveals additional information about the intra- 
surgical tissue behavior. The main aim of post- 
processing of iOCT data is a deeper analysis 
obtained by the use of special software and algo-
rithms (Hahn  2014 ; Koprowski and Wróbel 
 2011 ). Since the iOCT images have a low signal 
to noise ratio and movement artifacts, the post- 
processing also serves to improve data presenta-
tion. Each microscope-integrated iOCT system is 
supplemented with hardware and software with a 
built-in camera system to facilitate the generation 
of images for information, documentation, teach-
ing, and presentation purposes.  

29.5.4     Three-Dimensional 
Visualization and Animation 

 With the goal of enhancing the clarity of subtle 
structures inside the iOCT data, two different 
post-processing and 3D visualization systems 
can be used. Both of them employ ray-traced 
shading, which enhances small structures by 
throwing a shadow from the virtual light source 
or light sources onto the data behind or below the 
illuminated structure, making the structure stand 
out from its surroundings and thereby increasing 
the contrast of the visualization. The fi rst system 
is voxel-based and has relatively low preprocess-
ing time and can if necessary use unprocessed 
raw data directly from the iOCT. The raw iOCT 
data sets are exported, z-aligned, and noise- 
reduced in post-processing. The resulting data is 
imported into Cinema 4D™ and rendered using a 
custom-made plug-in which renders the data as 
voxels with ray-traced shading and a single cus-
tomizable light source direction. The second sys-
tem is based on triangle mesh representation of 
the data. This requires full nonplanar segmenta-
tion of the data, and a large amount of prepro-
cessing is therefore necessary. Segmented meshes 
are created in Cinema 4D™ using a fl uid dynam-
ics particle generator/mesher and rendered using 
a CUDA GPU (Fig.  29.7 , Video 29.2).

29.6         Application of Intraoperative 
Optical Coherence 
Tomography 

29.6.1     Anterior Segment Application 

 The iOCT scanning of the cornea and anterior 
segment structures is the most used examination. 
The images are the highest quality images the 
iOCT system can offer, because these structures 
are the fi rst ocular tissues that scatter the light 
beam. The iris blocks the OCT scan penetration, 
limiting the examination of the ciliary body and 
the lens. The iOCT can be used for all anterior 
segment surgery. While being used for different 
types of keratoplasties (DMEK, DSAEK, DALK, 
PKP), it can assist the surgeon to orient the 
donor’s graft by assessing its position (Fig.  29.8 ). 
It can also aid in the search for residual fl uid, vis-
coelastic, or air in between the host and donor 
corneal tissues, as well as improving the sutures. 
In cases with opaque cornea, the use of an iOCT 
probe can help to discover and recognize the 
structures behind the cornea and to fi nd the most 
convenient entry side. The iOCT provides the 
surgeon with precise and accurate imaging of the 
entire anterior chamber including detailed infor-
mation about apposition of the graft (De Benito- 
Llopis et al.  2014 ; Juthani et al.  2014 ; Miyakoshi 
et al.  2014 ; Steven et al.  2013 ,  2014 ; Xu et al. 
 2014 ).

   In Descemet’s membrane endothelial kerato-
plasty (DMEK), the technique can help recognize 
the donor graft edge curling that leads to incor-
rect graft positioning and damage of the endothe-
lial cell layer (Fig.  29.8a ). The iOCT-guided 
unfolding and correct positioning of the donor 
graft facilitate shortening of the surgical proce-
dure (Steven et al.  2013 ). The iOCT is also useful 
for DMEK to determine whether the posterior 
lamella is attached in all regions of the cornea. 
Performing Descemet’s stripping automated 
endothelial keratoplasty (DSAEK), it is essential 
to control the complete attachment of the graft to 
the host cornea at the end of the surgery 
(Fig.  29.8b ). The utility of iOCT in DSAEK 
allows detecting the residual fl uid between the 
host cornea and the graft after the graft was 
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attached by air injection, which can be treated 
with fl uid drainage through corneal incisions. 
(Juthani et al.  2014 ; Miyakoshi et al.  2014 ; Xu 
et al.  2014 ). 

 Deep anterior lamellar keratoplasty 
(DALK) is another application for iOCT, 
where all the preparation steps can be visual-
ized and therefore controlled (Fig.  29.8c ) (De 
Benito-Llopis et al.  2014 ; Steven et al.  2014 ). 

The use of iOCT during DALK was demon-
strated by De Benito- Llopis L and his group 
(De Benito-Llopis et al.  2014 ). For intraopera-
tive imaging, they used an iVue 100-2 
(Optovue, Fremont, CA, USA). With the help 
of iOCT, it was possible to assess and control 
manual dissection, to detect the position of the 
needle before air injection, and to evaluate the 
location of the Descemet’s membrane. 

  Fig. 29.7    Triangle-meshed CUDA-based 3D iOCT visualization of an ERM after peeling. A residual membrane “sail” 
is still visible. The raw iOCT data is on the left. The reconstructions are on the right       
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Additionally, iOCT can visualize intrastromal 
retention of fluid or viscoelastic that is usually 
not detectable by the operating microscope. 
Implementation of iOCT-assisted DALK facil-
itates the high-resolution imaging of the cor-
nea and is useful to control every step of the 
procedure. 

 iOCT scanning is useful to assess the stability 
and improve the suturing of the donor graft after 
penetrating keratoplasty (PKP) (Fig.  29.9a , Video 
29.3 (1)).

   In cataract surgery, iOCT can be used to 
control the positioning of the intraocular lens 
(IOL) (Fig.  29.9b ). One of the most common 

a b

c d

  Fig. 29.8    iOCT imaging of DMEK, ( a ) DSAEK, ( b ) and 
DALK ( c ) by iOCT® camera by OPMedT. Color photo of 
the cornea ( d ) during DALK, same as on (c) (Optomedical 

Technologies GmbH, Lübeck, Germany) (Photos were used 
with the permission of Prof. C. Cursiefen) (Photos printed 
with the permission of Prof. C. Cursiefen and Dr. F. Price Jr.)       

a b

c d

  Fig. 29.9    iSD-OCT imaging of the corneal graft after 
penetrating keratoplasty, ( a ) intraocular lens position, ( b ) 
incision shape, ( c ) and completeness of the hydrodissec-

tion during phacoemulsifi cation ( d ) with iSD-OCT sys-
tem Rescan 700 2  (Rescan 700 (Carl Zeiss Meditec, 
Oberkochen, Germany))       
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applications of iOCT in refractive surgery is the 
qualitative assessment of the height of the vault 
during phakic IOL implantation for myopia or 
hyperopia correction. With the help of iOCT 
anterior chamber scanning, the surgeon is able to 
determine whether over vaulting or no vaulting 
of the phakic lens is present in order to prevent 
postoperative anterior chamber angle narrowing 
or contact with the crystalline lens. Studies on 
this topic are currently running. 

 Intraoperative measurements of the anterior 
lens capsule position after implanting a capsular 
tension ring (CTR) using iOCT can optimize the 
prediction of the postoperative refractive out-
come. Hirnschall and his group showed that the 
predictive power of the intraoperative OCT- 
assisted measurements can be calculated better in 
comparison to IOL power calculations using only 
standard formulas (Holladay I, Hoffer Q, SRK/T, 
Haigis) (Hirnschall et al.  2013 ,  2015 ). 

 In standard phacoemulsifi cation, iOCT can be 
utilized to control the shape of the incisions, 
completeness of the hydrodissection, depth of the 
groove, asses the movements of the lens frag-
ments, and control the position of the IOL in the 
end of the surgery (Fig.  29.9b–d , Video 
29.3 (2,3)). 

 An evaluation of iOCT’s role in glaucoma sur-
gery during phacotrabeculectomy, Ahmed glau-
coma valve implantation, gonio-synechiolysis, 
and bleb needling was performed by Kumar and 
his group (Kumar et al.  2015 ). Intraoperative 
imaging facilitated the visualization and control 
of the scleral fl ap dissection, the triplanar entry 
wound, the deep sclera block removal, and the 
bleb at the end of the surgery. It was also possible 
to assess, in real time, the extent of peripheral 
anterior synechiae and the repositioning of the 
iris after the synechiae release in gonio- 
synechiolysis. The iOCT assisted the evaluation 
of the scleral fl ap adhesion, episcleral fi brosis, 
and restoration of the bleb after bleb needling. 
Therefore, the use of iOCT can help to visualize 
nearly blind glaucoma surgery without a gonios-
copy lens, resulting in better control of the surgi-
cal maneuvers and effi cacy of the procedures. 
Nevertheless, there are certain limitations in this 
approach due to specifi c technical specifi cations 

that have been offered by current iSD-OCT sys-
tems, such as straight scanning or defi ned wave 
length. It makes it diffi cult to visualize the ante-
rior chamber angle or trabecular meshwork, 
which is essential for glaucoma surgery. 

 The use of iSD-OCT imaging in anterior seg-
ment surgery can improve the visualization of 
ocular structures during all surgical steps deliver-
ing a broad range of new information about tissue 
behavior and positioning of the implants.  

29.6.2     Posterior Segment 
Applications 

 Implementation of iOCT has changed the under-
standing of certain retinal diseases. It can be used 
during almost every vitreoretinal surgical inter-
vention with some essential benefi t to the effi -
cacy of the procedure and patient safety. With its 
use, the surgeon can judge the completeness of 
epiretinal membrane (ERM) peeling, the reestab-
lished contact of a detached retina, the intraoper-
ative management of a macular hole, etc (Ehlers 
et al.  2013 ; Lee and Srivastava  2011 ). 
Intraoperative SD-OCT imaging can provide the 
surgeon with the retinal imaging through differ-
ent vitreous substitutes such as balanced salt 
solution (BSS), perfl uorocarbon liquids (PFCLs), 
air, gas, or silicone oil of different densities. 

 The iSD-OCT systems are very useful and 
effi cient for scanning the retina in infants or 
patients who for any reason are in a supine posi-
tion. Toth has been able to image infant’s retina 
with the portable handheld SD-OCT workstation 
by Bioptigen Inc. 1  in an incubator with a noncon-
tact probe held over the eye (Cabrera et al.  2012 , 
 2013 ; Chavala et al.  2009 ; Lee et al.  2011 ; 
Maldonado and Toth  2013 ; Maldonado et al. 
 2010 ,  2011 ; Moreno et al.  2013 ). For SD-OCT 
acquisition, the examiner had to open and hold 
the eyelids using fi ngertips but was also used 
under constant moisturizing of the cornea 
(Maldonado et al.  2010 ). The duration of the 
imaging session was restricted to 15 min, and the 
vital indices (heart rate, respiratory rate, and oxy-
gen saturation) were monitored every minute to 
ensure the infant’s safety. In the study, the authors 
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have shown the dynamics of the axial length 
(AL) in children. Their data revealed that in the 
neonatal period, the AL increases rapidly grow-
ing 0.16 mm per week during the fi rst 2 years 
(1 mm/year), from 2 to 5 years (0.4 mm/year), 
from 5 to 15 years (0.1 mm/year), and after age 
15 without no signifi cant further growth. The 
advantage of SD-OCT handpiece was the possi-
bility to use it within the incubator; therefore, 
infants were not moved for imaging nor was it 
necessary to remove the continuous positive air-
way pressure (CPAP) mask. 

 The feasibility of the fi rst microscope- 
integrated iSD-OCT system was reported by 
S. Binder and her group (Fig.  29.1 ) (Binder et al. 
 2010 ,  2011 ; Matz et al.  2012 ). During vitreoreti-
nal surgery, additional information was acquired 
concerning the completeness of epiretinal mem-
brane (ERM) removal, the condition of the macu-
lar area after membrane peeling, the presence of 
residual subretinal or sub-silicone fl uid in retinal 
detachment (RD) cases, and the presence of mac-
ular edema in age-related macular degeneration 
(AMD) patients after cataract surgery was per-
formed. With the help of real-time intra-surgical 
SD-OCT imaging, it became possible to infl uence 
certain surgical steps, decrease the amount of iat-
rogenic trauma to the tissues, and accomplish the 
surgery with additional treatment, such as intra-
vitreal injection of anti-VEGF. The iSD- OCT sys-
tem that was integrated into surgical microscope 
prevailed over handheld prototypes as it can be 
used without jeopardizing the sterility. The inter-
ruption of the surgery was not needed, and the 
OCT scanning stability was improved. 

 Falkner-Radler and our group reported the use 
of real-time iSD-OCT-assisted vitrectomy for 
macular surgery (Falkner-Radler et al.  2015 ). 
This prospective single-center interventional 
study showed that in 40 % of ERM and/or inter-
nal limiting membrane (ILM) peeling cases, it 
was possible to remove membranes without using 
any retinal dyes. During pars plana vitrectomy 
(PPV) on eyes with vitreomacular traction syn-
drome (VMTS), iSD-OCT revealed the cases 
with high risk of macular hole (MH) formation 
after ERM removal; hence, additional intraocular 
tamponade was considered. It was also shown on 

iSD-OCT scans that during membrane peeling, 
the strength of the tractional force induces sub-
retinal hyporefl ectance without immediate 
changes to the external limiting membrane or 
ellipsoid zone (Fig.  29.10a , Video 29.1 (1)). The 
diffi culties were met when scanning fl at ERM, so 
additional staining was needed. All these iSD- 
OCT fi ndings can support the surgeon with real- 
time information about the behavior of retinal 
layers during membrane peeling, which can par-
tially explain the postoperative outcomes.

   Secondary membranes after peeling of an ini-
tial ERM can be detected using iOCT scanning. 
The internal limiting membrane itself is rarely 
visible in iSD-OCT but can usually be seen after 
peeling was initiated. Intraoperative SD-OCT 
imaging is useful in identifying tissue changes 
after the surgical manipulations that cannot be 
detected using the microscope. In VMTS, there is 
a risk of MH creation during vitrectomy and ERM 
peeling. With the use of iSD-OCT, it became pos-
sible to visualize in real time and prevent the 
increase of anteroposterior traction on the retinal 
areas with the strong ERM adhesion. The relief of 
macular traction surrounding the area of vitreo-
retinal adhesion is visible with iSD- OCT imag-
ing. In 2013, G. Stolyarenko and his group 
reported the technique of 3D en face iOCT- guided 
isolation of ERM or ILM around the previously 
detected vulnerable zones with increased vitreo-
retinal adhesion (Stolyarenko et al.  2011 ). With 
the use of an iOCT probe, the incomplete peeling 
of the membranes was performed, and spots of 
ERM with the strongest adhesion were left over. 
The epiretinal remnants disappeared gradually 
over time. The iOCT probe utilization provided a 
more controlled ERM removal, avoiding the 
unnecessary intraoperative traction on the retina. 

 The utility of iOCT during PPV for VMTS 
was studied on 12 patients by Ehlers and his 
group (Ehlers et al.  2014e ). They observed micro 
architectural changes after surgical release of the 
vitreomacular traction that appeared as increased 
subretinal hyporefl ectivity in the outer retina. In 
42 % of cases, iOCT fi ndings infl uenced the deci-
sion-making in surgical procedures with addi-
tional ILM peeling and gas tamponade to treat 
occult new formed full- thickness macular hole 
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and residual membranes. In macular hole sur-
gery, iOCT fi ndings revealed the infl uence of 
ILM peeling on intraoperative MH size and on 
the microstructure of retinal layers. It was shown 
that macular geometry was changed after the 
peeling associated with tractional forces. In spite 
of the decrease of the area of the top of the MH 
which is usually seen after the ILM removal, the 
base area and MH volume have a tendency to 
increase with the appearance of visible hypore-
fl ective zones (Ehlers et al.  2014a ,  g ; Hayashi 
et al.  2011 ; Wykoff et al.  2010 ). Additionally, it 
was noticed that there is some correlation 
between the extension of alteration and the func-
tional and anatomical outcomes. During the sur-
gery on large MH, with inverted ILM fl ap 
technique, the iSD-OCT can facilitate better con-
trol while inverting the ILM remnants into the 
macular hole (Fig.  29.10b ). Also with real-time 
OCT imaging, a safe distance between the tip of 
the instruments and the retina can be maintained 
(Fig.  29.10c , Video 29.1 (2)). 

 The use of iSD-OCT can reveal new informa-
tion about rare and diffi cult diseases, such as an 
optic pit and a morning glory disk anomaly 

(Video 29.1 (3)). Ehlers and his group analyzed 
iOCT-assisted PPV for optic pit-associated reti-
nal schisis. The data demonstrated a potential 
communication between the vitreous cavity and 
the intraretinal fl uid which can partially explain 
the pathogenesis of the disease (Ehlers et al. 
 2011a ). 

 The iOCT utilization demonstrated the ability 
of this technique to identify the residual subreti-
nal fl uid meniscus under any type of endotam-
ponade (BSS, PFCL, air, gas, silicone oil) 
(Fig.  29.10d ). In the case of air or air-gas mix-
ture, the quality of scans decreases due to addi-
tional OCT light scattering. 

 The presence of mature cataract or opaque vit-
reous makes it impossible to visualize the central 
retina before the surgery. Therefore, the iOCT 
scanning can infl uence the decision-making 
while bringing the new indications for further 
surgical steps, like ERM removal, macular hole 
surgery, or intravitreal injection of medication 
(Puliafi to  2010 ). 

 Anterior segment iOCT mode may also be 
used after the PPV to assess the self-sealing of 
the beveled sclerotomy. This can prevent 

a b

c d

  Fig. 29.10    Zone of subretinal hyporefl ectance ( a , 
 arrow ). Management of large macular hole with inverted 
ILM fl ap technique ( b ). Imaging of the tip of end-gripping 
forceps in order to keep a safe distance between the instru-

ment and retina ( c ,  arrow ). Residual fl uid meniscus after 
fl uid-air exchange ( d ,  arrow ). iOCT images made with 
iSD-OCT system Rescan 700 2  (Rescan 700 (Carl Zeiss 
Meditec, Oberkochen, Germany))       
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postoperative hypotony and reduce the risk of 
endophthalmitis. With the assistance of iOCT, it 
becomes possible to reveal the presence of macu-
lar edema and confi rm the need for ILM peeling 
and evaluate the macula after retinal reattach-
ment or macular surgery. However, further stud-
ies will show in which area the use of iOCT 
reaches clinical signifi cance.   

29.7     Future Perspectives 

 The implementation of iSD-OCT into everyday 
practice is being established (Ehlers et al.  2011 , 
 2014f ). There are many questions that can be 
addressed about intra-surgical use of this novel 
technique, but the main question would be how 
the intraoperative OCT visualization can infl u-
ence the postoperative anatomical and functional 
outcomes. The future use of longer wavelengths 
such as 1310 and oblique scanning can improve 
the visualization of anterior chamber angle and 
trabecular meshwork providing greater control 
over the surgical maneuvers during glaucoma 
surgery ( Heindl et al. 2014 ). The utilization of 
iOCT systems can reduce the use of potentially 
toxic dyes to avoid retinal damage. With the rou-
tine use of iSD-OCT, the surgeon will be able to 
assure the accuracy of the membrane peeling. 
The detection of the safest place to initiate the 
ERM fl ap during ERM removal already became a 
very useful approach that reduces the risk of reti-
nal injury. During the vitrectomy on eyes with 
severe proliferative diabetic retinopathy, the iSD- 
OCT can provide the surgeon with real-time 
information fl ow about the condition of the ret-
ina, the choroid, and the risk of iatrogenic hole 
creation. Also, the residual traction that is not 
clearly distinguishable with just the microscopic 
view can be detected and treated without the 
delay. The iOCT systems are of great interest in 
the fi eld of ocular oncology, as the technique can 
provide the useful information about the positing 
of the radioactive plaques in choroidal melanoma 
treatment. There is also a potential use of iOCT 
in following and controlling almost every step of 
anterior and posterior segment surgery with edu-
cational purposes starting from wound architec-

ture during cataract surgery up till detection of 
the residual ERM. 

 With the implementation of 3D iOCT imag-
ing, it will be possible to control surgical manipu-
lations in real time, avoiding unnecessary 
iatrogenic trauma. The development of a real- 
time tracking iOCT mode will be of great impor-
tance, as it will facilitate the computer guided 
following of the tip of the instruments, thus pre-
venting unnecessary contact with the living tis-
sues. The iOCT will surely have a great potential 
further, when it will be combined with remote- 
automated robotic pars plana vitrectomy based 
on da Vinci® surgical system and IRISS (Bourla 
et al.  2008 ; Rahimy et al.  2013 ). With the use of 
adaptive optics, it is possible to scan the retinal 
layers with OCT (AO-OCT) up to the level of a 
single cell, as it increases the imaging capability 
of OCT through increased lateral resolution and 
enhanced sensitivity (Miller et al.  2011 ; Mujat 
et al.  2009 ). The implementation of AO-OCT into 
ophthalmic surgery will provide the surgeon with 
ultrahigh-resolution 3D imaging (3 × 3 × 3 μm 3 ), 
and this technology continues to be developed. 

 The fi eld of iOCT technology is rapidly devel-
oping, especially after the implementation of 
swept source engines and adaptive optics. 
Additionally, the clinical interest in the new diag-
nostic tool is growing fast. The novel iOCT 
approach reveals many intra-surgical fi ndings 
that increase our knowledge of certain eye dis-
eases. The most important task would be to inte-
grate the information obtained by the iOCT 
systems with postoperative fi ndings in order to 
infl uence the postoperative anatomical and func-
tional results. The future implementation of 
iOCT will serve as a tool to improve our surgery. 
The development of iOCT approach is unlimited 
as far as development of its technology, but the 
cost will limit the use in everyday practice.      
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