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Ophthalmology is a unique specialty in medicine in which usually we can directly see the 
disease. But this was not enough for many generations of ophthalmologists who documented 
their observations with drawings. The first real step forward was the introduction of fundus 
photography and fluorescein angiography. This enabled better quality documentation and 
improved understanding of the diseases. Also histopathological examinations of the affected 
eye were an important source of knowledge about different pathologies.

The revolutionary introduction of time-domain optical coherence tomography (OCT) in 
the 1990s by James Fujimoto, David Huang, and Eric Swanson (Massachusetts Institute of 
Technology) with insights for their clinical ocular application by Carmen Puliafito 
(University of Southern California) and Joel Schuman (University of Pittsburgh) became a 
milestone for improvement in both examination and documentation of retinal diseases. The 
third generation of time-domain OCT (Stratus OCT, Zeiss, Oberkochen, Germany) rapidly 
became a standard of care worldwide. It was our pleasure to witness the progress in the field 
of imaging when we introduced the first commercially available spectral-domain OCT 
(SD-OCT) device (Copernicus, Optopol, Zawiercie, Poland) into our clinic in January 2006 
and presented the first case series of patients examined with this device at the combined 
American Society of Retina Surgeons (ASRS)–European VitreoRetinal Society (EVRS) 
Meeting in Cannes in 2006 and published the first papers on commercially available SD-OCT 
in 2007.

Since that time, developments in the field have continued to accelerate. As early as 2008, 
Richard Spaide presented enhanced depth imaging OCT (EDI-OCT), which enabled visualiza-
tion of the choroid. The high quality of the new SD-OCT devices made in  vivo semi-
histopathological examination of the eye possible.

SD-OCT had become a worldwide standard of care by the end of 2012 when a revolutionary 
swept-source OCT (SS-OCT) device was commercially introduced (DRI-OCT, Topcon, 
Tokyo, Japan). The new technology enabled us to achieve wider images of even higher quality 
and allowed simultaneous three-dimensional examination of the vitreous, retina, and choroid. 
When we switched to SS-OCT in our clinic, in January 2013, we did not expect that just 2 
years later, in 2015, SS-OCT angiography (SS-OCTA) would emerge (Atlantis and, later, 
Triton, Topcon, Tokyo, Japan).

SS-OCT and SS-OCTA not only allowed us to see the retina, vitreous, and choroid in higher 
quality and with greater detail than ever before. It additionally enhanced our knowledge of 
many diseases and changed our point of view in many diagnostic challenges.

The chapters of this atlas present basic information on SS-OCT and SS-OCTA examina-
tion for many pathologies. The authors discuss the advantages (and occasional difficulties) of 
the emerging technologies and present beautiful images of their findings to assist the reader 
with research and interpretation of SS-OCT images. We also offer a glance into the future of 
this technology as currently being developed under the leadership of Jay Duker and James 
Fujimoto et al.

In this book, authors from three continents share with you their knowledge not only in ret-
ina diseases but also in glaucoma. We hope that by drawing attention to the importance of 
glaucoma in retinology, we are providing an additional interdisciplinary advantage.

Preface
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It has been our honor, pleasure, and privilege to work with such a distinguished group of 
experts and Springer to produce this atlas. We hope that the atlas will offer new information on 
current technology, add to the knowledge of general ophthalmologists as well as retina specialists, 
and be a pleasure to read.

Lodz, Poland� Zofia Michalewska
Lodz, Poland�  Jerzy Nawrocki 
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Introduction to Swept Source OCT

Zhenguo Wang, Charles Reisman, Jonathan Liu, 
and Kinpui Chan

Optical coherence tomography (OCT), first introduced in 
1991, is an enabling optical, noninvasive imaging modality 
that provides cross-sectional visualization of biological tis-
sues with resolutions one to two orders of magnitude better 
than conventional ultrasound [1]. Because the eye is opti-
cally accessible for visible and near-infrared light, ophthal-
mic OCT has been the most successful clinical application 
from the invention of OCT with an unparalleled combination 
of axial resolution (1–10 μm) and penetration depth (1–2 mm 
in tissue). This chapter presents a brief introduction of OCT, 
including the early time-domain OCT (TD-OCT) and the 
more recent Fourier-domain OCT (FD-OCT), which can be 
characterized into the two forms of spectral-domain OCT 
(SD-OCT) and swept source OCT (SS-OCT). Since the 
commercial launch of SD-OCT in 2006 by multiple manu-
facturers, including the world’s first Topcon 3D OCT-1000, 
the significant practical advantages of both higher speed and 
higher sensitivity of SD-OCT over TD-OCT [2–4] have led 
to a widespread use of OCT instruments in ophthalmology 
[5]. On the other hand, SS-OCT, which employs the state-of-
the-art high-speed wavelength tuning laser (swept source) as 
well as digital data acquisition and processing technology, 
offers further advantages of overcoming the signal roll-off 
observed for SD-OCT at a deeper range along with an 
unprecedented A-scan rate for wider field-of-view structural 
OCT and OCT angiography imaging [6, 7]. With advances in 
commercial wavelength tuning lasers, the first clinical 1 μm 
SS-OCT machine, Topcon DRI OCT-1 Atlantis, became 
commercially available for retinal imaging in 2012 [8].

As shown in Fig. 1.1, OCT measures the optical backscat-
tering profile (intensity and time of flight of backscattered 
light) along the axial direction (A-scan), analogous to mea-
suring echoes of sound waves in conventional ultrasound 
imaging. A two-dimensional cross-sectional image (B-scan) 

is produced by transversely scanning the incident optical 
beam and performing sequential A-scans. Similarly, volu-
metric data sets can be generated by acquiring sequential 
B-scans along the transverse direction.

Since the speed of light is much higher than that of sound 
waves, it is very challenging, if not impossible, to directly 
measure the time of flight for backscattered light. Instead, 
OCT is based on low coherence interferometry to measure 
the time of flight indirectly from optical interference gener-
ated by mixing the backscattered light with light from a ref-
erence mirror. A Michelson interferometer is most commonly 
employed in OCT systems. Light from the broadband light 
source is divided by a beam splitter into the reference and 
sample arms. The reflected light from these two arms are 
recombined again through the beam splitter and detected 
with a photodetector. Depending on the method used to 
reconstruct the intensity and time of flight of backscattered 
light, there are two types of OCT techniques, namely 
TD-OCT and FD-OCT.

In a TD-OCT system, a moving mirror is placed in the 
reference arm, and a single photodetector is employed. As 
the reference mirror in an OCT system moves along the axial 
direction, a corresponding depth-dependent backscattering 
profile of the sample is acquired. The axial resolution of 
OCT is determined by the coherence length of the light 
source, while the imaging speed is determined by how fast 
the reference mirror moves. Due to the relatively slow speed 
of the mechanical reference mirror, the imaging speed of 
commercial ophthalmic TD-OCT has been limited to 400 
A-scans per second [9].

To further increase the imaging speed and the sensitivity, 
SD-OCT based on a fast linear detector array was demon-
strated for retinal imaging in vivo in the early 2000s [10]. In 
a SD-OCT system, the reference mirror is stationary instead 
of moving. The imaging speed is determined by the speed of 
the linear detector array, which can be higher than tens of 
thousands of A-scans per second [11], yielding a roughly 
100× improvement over that achieved with TD-OCT 
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systems. SD-OCT detects the interferogram as a function of 
wavelength (λ), in contrast to the direct detection of back-
scattering profile as a function of depth position of the refer-
ence mirror in TD-OCT. As illustrated in Fig. 1.2, the depth 
information, more precisely the depth difference between the 
reference mirror and the sample, is encoded as the frequency 
of the interferogram fringes. When the depth of the sample is 
near to that of the reference mirror, the frequency of inter-
ferogram fringes is low (Fig. 1.2a). And when the depth of 
the sample is far from that of the reference mirror, the fre-
quency of interferogram fringes is high (Fig. 1.2b). Light 
backscattered from different depths along the axial direction 
are detected simultaneously using a linear detector array 
(Fig. 1.2c). By performing a Fourier transform on the 
detected interferogram in wavenumber (k), an A-scan profile 
can be readily acquired.

The higher speed and sensitivity of SD-OCT [2–4] has 
enabled volumetric imaging with better image quality. On 
the other hand, SD-OCT is subject to a signal-to-noise 
ratio (SNR) roll-off characteristic that occurs in the 
FD-OCT technique. As shown in Fig. 1.3, it is commonly 
observed in SD-OCT that the reconstructed sample signal 
intensity gets weaker when it is farther from the zero-delay 
position.

This SNR roll-off is primarily caused by the limited 
capability of SD-OCT to resolve the interferogram fringes. 
In an SD-OCT system using a broadband light source such 
as a superluminescent diode (SLD), the interferogram is 
generated by the spectrometer in the detection arm, which 
spreads the light at different wavelengths to be recorded by 
a linear detector array. However, due to the finite number of 
pixels on the linear detector array, the light of different 
wavelengths that are very close to each other fall on the 
same pixel and gets digitized without distinction, as illus-
trated in Fig. 1.4.

As a consequence, the resolvability of interferogram 
fringes is degraded. Mathematically, this constitutes an inte-
gration effect of the interferogram over the continuous spec-
trum of the light source across each element of the linear 
detector array. In other words, the resolvability of the inter-
ferogram fringes is affected differently during detection 
depending on frequency. As shown in Fig. 1.3, the higher the 
fringe frequency is, the more it is attenuated and the weaker 
its amplitude becomes. Accordingly, after Fourier transform, 
the amplitude of the reconstructed signal will be depth 
dependent. It was reported that the SNR roll-off for SD-OCT 
can be as high as 15 dB/mm [12]. Considering the typical 
2 mm imaging range for commercial ophthalmic OCT instru-
ment, an SNR drop of up to 30 dB is very significant and it is 
not unusual that the lower end of the imaging range is practi-
cally unusable.

By eliminating the use of the spectrometer and the linear 
detector array, SS-OCT employs a rapid-wavelength tuning 

laser and high-speed photodetector and signal digitizer. 
SS-OCT thereby offers a significant solution to the limitation 
of spectrometer spectral resolution as seen in SD-OCT, and 
thus enables deeper range imaging without compromising 
the sensitivity at a deeper position caused by the above-
mentioned SNR roll-off. As illustrated in Fig. 1.5, the instan-
taneous line width of the laser light source used in SS-OCT, 
rather than the finite pixel size of the linear detector array 
used in SD-OCT, primarily determines the resolvability of 
the interferogram fringes.

The instantaneous line width characterizes how pure the 
laser mode is at one particular moment while it is swept 
through a range of individual wavelengths. Ideally, the tun-
ing laser is emitting light at a single wavelength at any given 
moment. In reality, the emitted light is typically composed of 
photons of more than one wavelength spanning across a cer-
tain range that is characterized as instantaneous line width. 
Such wavelength impurity affects the interferogram simi-
larly as finite pixel size of linear detector array in SD-OCT 
and causes SNR roll-off as well. However, with the recent 
advances in laser technology, the commercial tuning lasers 
have dramatically improved instantaneous line width [12]. 
Therefore, the interferogram fringes can be well-resolved 
across the entire imaging range. The SNR roll-off in SS-OCT 
systems enabled by the latest vertical-cavity surface emitting 
lasers (VCSEL) is virtually zero within the imaging range of 
up to 50 mm [13].

In addition, SS-OCT is able to operate in the 1 μm wave-
length range. Besides low water absorption and minimal 
depth-dependent dispersion [14], 1 μm wavelength OCT is 
less susceptible to scattering in tissue such as cataract and 
hemorrhage [15]. It can also better penetrate the retina pig-
ment epithelium (RPE) and visualize deeper structures in the 
choroid layer and sclera [16, 17]. The practical benefits of 
1 μm wavelength SS-OCT can be appreciated by comparing 
retinal images at different depths acquired with an 800 nm 
wavelength SD-OCT system (Topcon 3D OCT-2000) and a 
1  μm wavelength SS-OCT system (Topcon DRI-OCT 
Triton), as shown in Fig. 1.6.

The capability to obtain images with high quality at any 
depth within the imaging range not only makes it easier for 
patients and medical practitioners to take OCT images, but 
also facilitates a large imaging range that is able to accom-
modate the curvature of eyeball. More importantly, 1 μm 
wavelength SS-OCT enhances visualization of previously 
obscured features together with the retina in the same 
image without sophisticated imaging processing, as shown 
in Fig. 1.7.

This has helped choroidal imaging, posterior vitreous 
visualization [18], and ophthalmic research in new frontiers 
[19–22]. The recent development of OCT angiography based 
on 1 μm wavelength SS-OCT also demonstrated functional 
imaging ability by visualizing the choriocapillaris and 
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choroidal microvasculature in  vivo in normal human sub-
jects [23].

The development of SS-OCT technology has enabled 
many attributes for a better clinical ophthalmic imaging 
instrument, including higher speed [6, 7, 12, 13], deeper 
imaging range with uniform sensitivity, reduced fringe wash-
out [24], less light-scattering by cataract tissue, deeper pen-
etration for better visualization of choroid and beyond [16, 
25], invisibility of the scanning light for less distraction to 
patients during imaging, fewer motion artifacts, and poten-
tial for eventual miniaturization and cost-reduction [26]. 
Commercial SS-OCT development results were first pre-
sented by Topcon at ARVO 2010 [27]. Prototype Topcon 

SS-OCT instruments for clinical research soon followed [28, 
29]. Topcon continues to lead in clinical SS-OCT technology 
with the latest generation DRI-OCT Triton, which incorpo-
rates color fundus photography, fluorescein angiography, 
and fundus autofluorescence imaging, together with com-
bined anterior and posterior eye OCT as well as OCT angi-
ography. Cutting-edge SS-OCT technology opens the 
possibility for a new generation of multimodal ophthalmic 
instruments to image the entire eye, measure axial eye length 
[13], and acquire intraoperative OCT [30]. While SD-OCT is 
currently still dominant in the ophthalmic market, SS-OCT 
is expected to continue to grow and increasingly contribute 
to the medical community in the near future.

Reference
Mirror

Low coherence
light source A-scans B-scan

Signal
processing

Detector

Computer

Fig. 1.1  Schematic of an OCT system based on low coherence interfer-
ometry using a Michelson interferometer design. Light from a broad-
band light source is divided by a beam splitter into the reference and 
sample arms. The reflected light from these two arms are recombined 
again through the beam splitter and detected with a photodetector. OCT 
images are produced by scanning the light in the sample arm to acquire 

sequential optical backscattering profiles along the axial direction. There 
are two types of OCT techniques, time-domain OCT (TD-OCT) and 
Fourier-domain OCT (FD-OCT), to reconstruct the intensity and time of 
flight of the backscattered light. In contrast to TD-OCT which uses a 
moving mirror in the reference arm, the reference mirror is stationary in 
FD-OCT, which includes spectral domain OCT and swept source OCT

1  Introduction to Swept Source OCT
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Fourier Transform

A-ScansInterferogram

Wavenumber k Depth z

a

b

c

Fig. 1.2  Illustration of FD-OCT 
signal reconstruction. A-scans are 
generated by Fourier 
transforming the interferograms. 
(a) A low-frequency 
interferogram corresponds to a 
signal near the reference mirror. 
(b) A high-frequency 
interferogram corresponds to a 
signal far from the reference 
mirror. (c) OCT interferograms 
can have multiple frequency 
components comprised of signal 
from different depths as 
reconstructed in the A-scan 
profile

Z. Wang et al.
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Interferogram

Linear
detector array

Digitized
interferogram

Fourier
transform

A-scan

SD-OCT image

Fig. 1.3  Illustration of signal roll-off 
in SD-OCT. The spectral resolution 
of the interferograms is limited by the 
spectrometer linear detector array. 
Higher frequency interferograms 
suffer more signal attenuation. The 
amplitude of reconstructed A-scans is 
therefore depth-dependent in 
SD-OCT

Light to be detected

Finite pixels
Fig. 1.4  Illustration of the limitation in resolvability of different wave-
length light on finite pixels in a spectral domain OCT spectrometer

1  Introduction to Swept Source OCT
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Tuning laser +
high-speed A/D

Digitized
interferogram

Fourier
transform

A-scan

SS-OCT image

Interferogram

Fig. 1.5  Illustration of signal 
roll-off in SS-OCT. The tuning 
laser instantaneous line width and 
high-speed digitizer yields good 
resolvability of the interferograms. 
Higher frequency interferograms 
are well resolved without 
attenuation. The reconstructed 
A-scans therefore do not suffer 
from signal roll-off across the 
imaging range

Z. Wang et al.
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SD-OCT

SS-OCT

Fig. 1.6  Retinal images at 
different depths acquired with 
800 nm wavelength SD-OCT and 
1 μm wavelength SS-OCT. 1 μm 
wavelength SS-OCT not only can 
visualize deeper structures in the 
choroid and sclera, but is also 
capable of obtaining high-quality 
images at any depth within the 
imaging range

Fig. 1.7  1 μm wavelength SS-OCT enhances visualization of previ-
ously obscured features together with the retina in the same image with-
out sophisticated imaging processing. The visibility of fine details in the 
vitreous, choroid, and sclera are enabled by 1 μm wavelength SS-OCT

1  Introduction to Swept Source OCT
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Clinical Applications and Advantages 
of Swept Source OCT

Netan Choudhry and Michael J. Sinai

The Topcon DRI Triton is an optical coherence tomographer 
(OCT) with a built-in color fundus camera. It utilizes swept 
source technology and has a central wavelength of 1050 nm. 
The scanning speed is 100  kHz and the depth resolution is 
8 μm. It provides high-speed, high-resolution B-scans of the 
anterior and posterior segments of the human eye. It also pro-
vides 3D volumetric cubes that can be viewed in cross-sectional 
or in an en face format. Thickness maps are automatically gen-
erated for various retinal layers including: (1) full retinal thick-
ness; (2) retinal nerve fiber layer (RNFL); (3) ganglion cell 
layer (GCL) plus the inner-plexiform layer (IPL); (4) RNFL 
plus GCL plus IPL; and (5) choroid layer. Due to the rapid 
speed of scanning, large areas of the retina can be imaged in a 
single scan including 3D scans covering areas as large as 12 × 
9 mm, which includes both the macula and optic disc regions. 
The device has the capability to capture excellent anatomic 
detail beyond the traditional wide field (100°) (Fig. 2.1).

The Triton OCT has a normative reference database 
whereby thickness maps are compared and significant devia-
tions from normal are automatically identified. A version of 
the Triton (Triton plus) is also capable of performing 
Fluorescein Angiography (FA), red-free imaging, and fundus 
autoflourescence (FAF). Most recently, the Triton also 
includes the capability to perform OCT-Angiography, which 
creates a 3D map of the microvasculature. It is a useful and 
indispensable tool to aid the clinician in the detection and 
management of many ocular pathologies. The Triton OCT is 
not approved for sale in the US yet.

The Triton is part of the third generation of OCTs. The 
first-generation OCT was developed more than 20 years ago 
at Massachusetts Institute of Technology by Jim Fujimoto, 
David Huang, Michael Hee, and others [1]. This OCT was 
slow, had poor resolution, and operated on a time domain 
principle. That is, it utilized a moving reference mirror in the 
interferometer, which limited the speed. The light source was 
not very broad-band (±25 nm) and so the depth resolution 
was limited (10–20 μm). Despite these limitations, the time-
domain OCT was a commercial success and it became the 
standard of care for retina and glaucoma. More recently, a 
second-generation OCT was developed, which utilized 
Fourier Domain (also referred to as Spectral Domain) meth-
odology. It is faster (20–70 kHz) and has an improved depth 
resolution (5–8 μm) primarily because it utilized a stationary 
reference mirror and had a broader-band light source 
(±50  nm). The third-generation OCT, swept source OCT 
(SS-OCT), includes several major advances in technology. 
First, SS-OCT utilizes a swept source technology in combi-
nation with a light source with a longer wavelength. Swept 
source utilizes a narrow band wavelength laser and is swept 
across a broad range of wavelengths. This eliminates the 
need for a spectrometer, which allows for much faster scan-
ning speeds (100 kHz). The longer wavelength light source 
(centered on 1050 nm) provides greater penetration due to 
the nature of longer wavelengths (less scatter, better penetra-
tion). This subsequently allows imaging and quantitative 
evaluation of the choroid for the first time [2–11] as well as 
better penetration through cataracts and other media opaci-
ties. SS-OCT also has a shallower drop in sensitivity with 
depth, which means there is high sensitivity throughout the 
entire image from top to bottom compared to time domain or 
Fourier domain OCT (Fig. 2.2). This allows imaging of the 
vitreous [12–16] while maintaining good visibility of the 
choroid in the same scan. Another advantage of the longer 
wavelength is that it is less visible to the human eye, as it is 
centered at 1050 nm with a range of ±50 nm. This is advanta-
geous because the patient typically does not see the scanning 
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light and so they are not distracted and are less likely to move 
the eye to follow the scan beam. Over the years, OCT tech-
nology has continued to advance and this third-generation 
OCT, SS-OCT, is the latest iteration and offers many advan-
tages over the older versions.

The Triton OCT also allows the user to visualize the retina 
and optic nerve using an en face approach. In en face mode 
the user can view a 3D cube of data from a top-down, or en 
face perspective. This allows for detailed surface evaluation. 
The software allows the user to view not only the top surface, 
but at any plane down into the deepest layers of the retina 
including the choroid and lamina cribrosa. The user also has 
the option to select the depth of the layer to be visualized, 
which further enhances any desired structure (Fig. 2.3).

In addition to the en face viewing capability, the Triton 
also offers the opportunity to better visualize the vitreous 
using the Enhanced Vitreous Visualization (EVV) mode. 
This proprietary method improves the signal-to-noise ratio at 
all levels in the image, which greatly enhances the visualiza-
tion of structures, especially in the vitreous (Fig. 2.4).

Another helpful software feature, known as 
SMARTTrack™, is the ability to perform real-time tracking 
for line scanning and OCT-Angiography. This feature uti-
lizes the live fundus image to lock on and track eye move-
ments (through the use of landmarks such as blood vessels 
and the optic disc). It updates in real time such that once 
activated, the scan will move to compensate for eye move-
ments, staying in the same place on the retina. A related soft-
ware feature, called fundus guided acquisition™ (FGA), 
allows the user to identify and indicate a precise location on 
the fundus image where the OCT scan will be taken. The 
tracking feature keeps the scan locked onto this location dur-
ing scanning, and follow-up features allow the user to take 
the scan again at a later time in the same location.

There are numerous advantages of SS-OCT over 
SD-OCT. Traditional spectral domain OCT (SD-OCT) uti-
lizes a shorter wavelength (850 nm) and subsequently image 
quality can be negatively affected by media opacities such as 
nuclear sclerosis (cataract), hemorrhage, intravitreal gas, and 
oil. The use of a 1050 nm wavelength with SS-OCT, in con-
trast, offers the unique advantage of increased depth of pen-
etration through a variety of media opacities.

A novel application of SS-OCT is the integration of OCT 
angiography (OCT-A). OCT-A is a novel and non-invasive 
imaging approach to visualizing the human ocular microvas-
cular network. This method provides vascular information, 
in fine detail, of all retinal layers beyond what can be seen 
with conventional fluorescein angiography (FA), but without 
the use of a dye injection (a full 3D microvasculature map 
can be generated in 3–4 s). This is achieved by scanning the 
same location in a repeated fashion and then detecting inten-
sity differences over time. These intensity changes over time 
can be attributed to motion (i.e., bloodflow within the vascu-
lature). The method utilized in the Triton system is known as 

OCTARA™, which stands for OCTA Ratio Analysis. This 
name describes the basic process Topcon uses to detect the 
retinal and choroidal microvascular pattern (it is a ratio anal-
ysis of the intensity changes over time). The algorithm repre-
sents a relative measurement of OCT signal amplitude 
change that optimizes angiographic visualization over both 
the retina and choroid and also enhances the minimum 
detectable signal.

Similar to the en face software, the vasculature can be 
visualized at any depth using the modifiable segmentation 
lines. Four key retinal vascular layers are presented by 
default: (1) the Superficial Capillary Plexus (SCP), which is 
segmented from the internal limiting membrane (ILM) to 
approximately the inner plexiform layer/inner nuclear layer 
border (IPL/INL); (2) the Deep Capillary Plexus (DCP), 
which is segmented from approximately the IPL/INL border 
down 70 μm; (3) the Outer retina, which is segmented from 
70  μm below the IPL/INL border to Bruch’s Membrane 
(BM); and (4) the Choriocapillaris, which is segmented from 
BM down 10 μm (Fig. 2.5).

Figure 2.6 shows an example of the OCT Angiography 
image in the superficial layers of a normal eye and an eye 
with BRVO. Scan areas can be selected from 3 × 3 mm2, 4.5 
× 4.5 mm2, and 6 × 6 mm2. Several inherent advantages of 
the Triton swept source methodology also help with the OCT 
Angiography imaging method, including the faster speed 
and better depth penetration compared to spectral-domain 
OCT. These have been found to facilitate better detection of 
choroidal neovascular membranes (CNVMs) [17].

The Triton software also comes with a wide array of scan 
types and clinical reports. One important new scan is a wide-
field (12 × 9 mm ) protocol with 256 b-scans of high resolu-
tion (512 a-scans) It provides thickness maps over a large 
area (over 30 × 40°) and high resolution B scans in the same 
report (Fig. 2.7). There are also detailed 3D macula reports 
and glaucoma reports, including the new Hood Report.

The Hood Report is a new one-page report specialized for 
glaucoma assessment developed by Don Hood, professor, 
Columbia University, NY (Fig. 2.8). This report has several 
key features that make it especially helpful for guiding clini-
cal decisions related to glaucoma detection and management. 
The layout of the report is designed to guide the clinician 
through several key aspects of the OCT results to improve 
evaluation. On the top left of the report is a large B scan image 
of the peripapillary RNFL surrounding the optic disc at a dis-
tance of 3.45  mm. Below this image is the peripapillary 
RNFL thickness profile (black curve) from this B scan super-
imposed on the normative limits (color regions) of the refer-
ence database. Unlike the typical RNFL thickness profile, the 
temporal side of the RNFL profile is in the center of the 
image. That is, the RNFL circumpapillary B scan (and thick-
ness profile map) begins at the nasal side of the optic disc, 
then works its way superiorly, temporally, inferiorly, and then 
back to nasal again (NSTIN). In the past, most imaging 
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devices start this display on the temporal side and move supe-
riorly, nasally, inferiorly, then back temporally (TSNIT). 
There is an important advantage of the NSTIN view [18]. In 
particular, the clinician can easily relate the changes in the 
RNFL thickness to changes in the visual field. In fact, the 
horizontal lines with arrows indicate the portion of the NSTIN 
plot associated with the central ±8° and the central ±15° of 
the visual field. These are the regions of the macula and peri-
macula most often affected by glaucomatous damage [19].

The bottom left image is an en face slab view (top-down 
view) of the intensity reflectance map of the RNFL layer. 
This en face view enhances visualization of RNFL defects 
common in glaucoma. Often the RNFL defects can be more 
readily viewed in the  en face reflectance map than in the 
standard RNFL thickness map shown next to it (bottom left 
of report) [20]. In addition, it allows for easy identification of 
epiretinal membranes and peri-vascular defects [21].

The bottom center of the report shows the RNFL sum-
mary parameters by quadrant and clock hour. These are 
color-coded based on the comparison to the reference data-
base of healthy eyes. At the bottom, and to the right of these 
summary parameters, the macular ganglion cell plus inner-
plexiform (GC+) thickness map is displayed.

Most important, on the far right side of this report are the 
RNFL and GCL+ probability maps with the 24-2 (large 
symbols) and 10-2 (small symbols) of the HFA visual field 
test locations superimposed. These probability maps (for the 
OCT), which show the statistical significance of the RNFL 
and GCL+ thinning, are inverted/flipped to match the proper 
perspective of the visual field locations. That is, the struc-
tural deviation maps are flipped superiorly and inferiorly so 
the structure locations match the functional locations. In 
addition, the visual field test locations are adjusted to take 
into account the displacement of the ganglion cells away 
from the fovea. With these probability maps, the clinician 
can easily compare the thinning in the GCL+ layer and 
RNFL to changes in the probability maps of the 10-2 and/or 

24-2 visual fields [18]. This arrangement has been shown to 
be very effective in aiding in the interpretation and diagno-
sis of glaucomatous damage [22]. Together with the RNFL 
thickness profile, it focuses the clinician on the key struc-
tural aspects most often affected by glaucoma, while 
enhancing the comparison to functional changes seen on 
visual fields.

The Triton OCT includes a normative reference database 
for statistical comparisons of the thickness maps and param-
eters. Thickness and parameter measurements are compared 
to the normal range or distribution from this reference data-
base and patient values that are statistically outside the nor-
mal range are identified and flagged. Four statistical levels 
are used from the normal distribution, 1, 5, 95, and 99%. 
Values below 1% or above 99% are flagged in red to indicate 
the patient’s measurement is outside the normal limits. 
Values below 5% or above 95% are flagged in yellow to indi-
cate a “borderline” result. The reference database is made up 
of 360 individuals who were certified to be free from any 
ocular pathology based on a detailed clinical examination 
that included biomicroscopy, ophthalmoscopy, visual field 
testing, IOP measurement, and other factors. The age range 
was between 22 and 87. A significant correlation with age 
was observed in many parameters, so an adjustment for age 
effects was included in the statistical comparisons.

Finally, the Anterior Segment imaging capability of the 
Triton OCT is another example of the superior quality 
SS-OCT offers. The anterior segment module on the front of 
the Triton changes the focal plane from the posterior aspect 
of the eye to the anterior aspect of the eye for anterior seg-
ment imaging. This allows for high resolution imaging of the 
cornea, angle, and lens. Scan lengths up to 16 mm provide a 
cross sectional view of both angles in the same image (white 
to white). Three-dimensional scans of the angles provide a 
unique view of the trabecular meshwork. Corneal thickness 
and curvature maps are available in the anterior radial scan 
(Fig. 2.9).

Fig. 2.1  Wide-field SS-OCT of a normal retina demonstrating clear 
retinal and choroidal detail inclusive of the optic disc, macula and 
periphery. This image represents a 136° field of view centered on the 
macula

2  Clinical Applications and Advantages of Swept Source OCT
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Fig. 2.3.  (a) En face OCT of 
Dry Age-related Macular 
Degeneration demonstrating 
large confluent druse beyond 
the macula. (b) Horizontal 
segmentation at the level of the 
retinal pigmented epithelium. 
(c) Vertical segmentation at the 
level of the retinal pigmented 
epithelium
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Fig. 2.2  Comparison of sensitivity drop-off between spectral domain 
and SS-OCT with increasing image depth. There is a significantly 
greater decrease in sensitivity drop-off with spectral-domain OCT

N. Choudhry and M.J. Sinai



13

a

c

b

Fig. 2.4  Enhanced vitreous visualization (EVV). (a) Demonstrates an 
eye with acute central serous chorioretinopathy and sub-retinal fluid. In 
this image there is no vitreous enhancement (EVV “off”). (b) The same 
eye as in (a), but with vitreous enhancement turned on its lowest level 

(+1). (c) Demonstrates the same eye in (a), but with maximum vitreous 
enhancement (EVV +5). In this case the choroidal detail is also 
improved, with clear visualization of the posterior scleral boundary 
along with the vitreous

2  Clinical Applications and Advantages of Swept Source OCT
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Fig. 2.5  SS-OCT-angiography  
(4.5 × 4.5 mm) of the normal human 
retina. (a) Superficial capillary 
plexus. (b) Deep capillary plexus. 
(c) Outer retina. (d) Choriocapillaris

a b

Fig. 2.6  (a) OCT Angiography (4.5 × 4.5 mm) of a normal macula 
demonstrating the superficial capillary, deep capillary plexus, and cho-
riocapillaris combined with a normal foveal avascular zone. (b) OCT 

Angiography of a macula following a branch retinal vein occlusion 
(BRVO). The areas of reduced flow (non-perfusion) are seen as black 
with absent vasculature

N. Choudhry and M.J. Sinai
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Fig. 2.7  The 12 × 9 wide combination report. There is a high-resolution B scan (highly averaged) shown in the center of the report with the fundus 
photograph on the left and all thickness maps and deviation maps on the right

2  Clinical Applications and Advantages of Swept Source OCT
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Fig. 2.8  The Hood Report. The peripapillary B-scan and RNFL profile 
start on the nasal side of the optic disc and move superiorly, temporally, 
inferiorly, and back to nasal. This highlights the temporal side. The en 

face view and thickness maps at the bottom and the right side show the 
deviation maps from a visual field perspective with the visual field test 
location points shown (Courtesy of Prof. Donald C. Hood)
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Fig. 2.9  Various anterior segment images from the Triton OCT. Top left is an angle image with manual angle measurement calculation. Top right 
is the cornea. Middle section is a 16 mm scan showing both angles and the top of the lens. To the right is a 3D scan of the angle

2  Clinical Applications and Advantages of Swept Source OCT
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2.1	 �Interesting Patient Cases

The Triton SS-OCT has many advantages over older OCTs 
as described above. These advantages have real clinical 
implications. This section will highlight several patient cases 
that demonstrate the clinical utility and power of the Triton 
SS-OCT.

Case 2.1 
Fifty-three-year-old male diagnosed with proliferative 
diabetic retinopathy (PDR). The patient has extensive 
subhyaloid hemorrhage severely obstructing the view in 
the fundus photograph. Most spectral domain OCTs 
would have great difficulty penetrating the blood, which 
would typically render the OCT images useless. 
However, the Triton SS-OCT has a 1 μm light source 
(1050 nm) which enables better penetration through the 

blood. The OCT images in this case were very high 
quality, allowing the clear visualization of the macula 
below (Fig. 2.10). Focal hyper-reflective dots can be 
seen in the vitreous cavity representing individual red 
blood cells, and hemorrhage above (arrowhead) and 
below the hyaloid (arrow) is seen as thick hyper-
reflective material secondary to neovascularization. The 
retina and choroid behind the hemorrhage can clearly be 
seen on the OCT.

a b

Fig. 2.10  (a) SS-OCT (12 mm) through subhyaloid hemorrhage in 
proliferative diabetic retinopathy. Focal hyper-reflective dots can be 
seen in the vitreous cavity representing individual red blood cells, 
hemorrhage above (arrowhead) and below the hyaloid (arrow) is 
seen as thick hyper-reflective material can be seen secondary to 

neovascularization. The retina and choroid behind the hemorrhage 
can clearly be seen on the OCT. (b) Color fundus photograph cor-
responding to the OCT image in (a) demonstrating pre-retinal and 
subhyaloid hemorrhage without any view to the retina beneath the 
hemorrhage
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Case 2.2 

Forty-three-year-old female undergoing a diabetic retinal 
detachment surgery with silicone oil placement. Similar to 
the presence of hemorrhage, it is usually very difficult to 

get a good quality OCT image in this type of patient who 
has silicone oil in the vitreous. In this case, however, the 
Triton OCT could penetrate and provide high-quality OCT 
images revealing an attached retina under oil (Fig. 2.11).

a b

Fig. 2.11  (a) Swept source OCT through silicone oil demonstrating 
clear visualization of all retinal layers in a 12  mm line scan in a 
region superior to the fovea. (b) Color fundus photograph of a 

silicone oil-filled eye following diabetic retinal detachment surgery. 
The fundus photograph is unclear and obstructed by hemorrhage 
and the light reflex from the silicone oil

2  Clinical Applications and Advantages of Swept Source OCT
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Case 2.3 

Fifty-six-year-old male with a highly myopic eye with an 
inferior posterior staphyloma (−15 diopters) underwent a 
pars plana vitrectomy for a myopic macular hole repair. 
Typically it is difficult to obtain good quality OCT images 

through the gas in these types of procedures. The Titon 
OCT, however, was able to penetrate the intravitreal gas 
and allow for visualization of the macula clearly, reveal-
ing an open hole along with the deeper retinal structures, 
including the sclera and orbital bone (Fig. 2.12).

a b

Fig. 2.12  (a) Swept source OCT through gas in a myopic eye 1 day 
following pars plana vitrectomy for a myopic macular hole repair. 
This 12 mm line scan clearly reveals all retinal layers, including the 
macular hole which appears open along with the overlying light 

reflex from the gas bubble (asterisk). All retinal layers including the 
sclera and orbital bone are visible. (b) Color fundus photograph of 
the eye in (a) through gas demonstrating a myopic fundus with an 
inferior posterior staphyloma

N. Choudhry and M.J. Sinai
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Case 2.4 

Fifty-eight-year-old female with prior uncomplicated 
cataract surgery and worsening vision was examined 
using the Triton OCT using anterior segment imaging. 
The Triton OCT revealed the presence of cortical 
material retained behind the intraocular lens (IOL) as 

hyper-reflective material (arrowhead). The IOL can 
be almost completely be visualized despite the overly-
ing backscattering from the iris above. Furthermore, 
focal hyper-reflectivities on the IOL representing 
“glistenings” can be seen in the body of the IOL 
(Fig. 2.13).

Fig. 2.13  SS-OCT of retained cortical material can be seen 
behind  the intraocular lens (IOL) as hyper-reflective material 
(arrowhead). The IOL can be almost completely visualized 

despite  the overlying backscattering from the iris above. 
Furthermore, focal hyper-reflectivities on the IOL representing 
“glistenings” can be seen in the body of the IOL

2  Clinical Applications and Advantages of Swept Source OCT
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Conclusion 

OCT technology is continuing to evolve at a rapid rate 
and has become an indispensable clinical tool in ophthal-
mology. The latest generation of SS-OCT represents a 
significant advancement in the ability to examine the 
human eye. The Triton SS-OCT has many clinical advan-
tages over older OCT methods (Spectral Domain or Time 
Domain). Faster speed, deeper penetration, uniform sen-
sitivity, and ease of use in clinical practice represent a sig-
nificant advancement in OCT imaging. These advantages 
combined with new software features such as OCT 
Angiography imaging, image tracking, and vitreous 
enhancement, all place swept source imaging and the 
Triton on the frontier of ophthalmic OCT imaging.

References

	 1.	Huang D, Swanson EA, Lin CP, Schuman JS, Stinson WG, Chang W, 
et al. Optical coherence tomography. Science. 1991;254:1178–81.

	 2.	Hirata M, Tsujikawa A, Matsumoto A, Hangai M, Ooto S, 
Yamashiro K, et al. Macular choroidal thickness and volume in nor-
mal subjects measured by swept-source optical coherence tomogra-
phy. Invest Ophthalmol Vis Sci. 2011;52(8):4971–8.

	 3.	Usui S, Ikuno Y, Miki A, Matsushita K, Yasuno Y, Nishida 
K. Evaluation of the choroidal thickness using high-penetration opti-
cal coherence tomography with long wavelength in highly myopic 
normal-tension glaucoma. Am J Ophthalmol. 2012;153(1):10–6.e1.

	 4.	Usui S, Ikuno Y, Akiba M, Maruko I, Sekiryu T, Nishida K, et al. 
Circadian changes in subfoveal choroidal thickness and the rela-
tionship with circulatory factors in healthy subjects. Invest 
Ophthalmol Vis Sci. 2012;53(4):2300–7.

	 5.	Ruiz-Moreno JM, Flores-Moreno I, Lugo F, Ruiz-Medrano J, 
Montero JA, Akiba M. Macular choroidal thickness in normal pedi-
atric population measured by swept-source optical coherence 
tomography. Invest Ophthalmol Vis Sci. 2013;54(1):353–9.

	 6.	Mansouri K, Weinreb RN.  Evaluation of retinal and choroidal 
thickness by swept source optical coherence tomography: repeat-
ability and assessment of artifacts. Am J  Ophthalmol. 
2014;157:1022–32.

	 7.	Ruiz-Medrano J, Ruiz-Moreno JM. Macular choroidal thickness pro-
file in a healthy population measured by swept-source optical coher-
ence tomography. Invest Ophthalmol Vis Sci. 2014;55:3532–42.

	 8.	Mansouri K, Medeiros FA, Weinreb RN. Assessment of choroidal 
thickness and volume during the water drinking test by swept-source 
optical coherence tomography. Ophthalmology. 2013;120:2508–16.

	 9.	Michalewska Z, Michalewska J, Adelman RA, Zawlslak E, 
Nawrocki J. Choroidal thickness measured with swept source opti-
cal coherence tomography before and after vitrectomy with interal 
limiting membrane peeling for idiopathic epiretinal membranes. 
Retina. 2015;35:487–91.

	10.	Michalewska J, Michalewska Z, Nawrocka Z, Bednarski M, 
Nawrocki J. Correlation of choroidal thickness and volume mea-
surements with axial length and age using swept-source optical 
coherence tomography and optical low-coherence reflectometry. 
BioMed Research Inter. 2014;2014:639160.

	11.	Zhang C, Tatham AJ, Medeiros FA, Zangwill LM, Yang Z, Weinreb 
RN. Assessment of choroidal thickness in healthy and glaucoma-
tous eyes using swept source optical coherence tomography. PLoS 
One. 2014;9(10):e109683.

	12.	 Itakura H, Kishi S, Li D, Akiyama H. Observation of posterior pre-
cortical vitreous pocket using swept-source optical coherence 
tomography. Invest Ophthalmol Vis Sci. 2013;54(5):3102–7.

	13.	 Itakura H, Kishi S. Vitreous changes in high myopia observed by 
swept-source optical coherence tomography. Invest Ophthalmol Vis 
Sci. 2014;55:1447–52.

	14.	Schaal KB, Pang CE, Engelbert M. The premacular bursa’s shape 
revealed in  vivo by swept-source optical coherence tomography. 
Ophthalmology. 2014;121:1020–8.

	15.	Stanga PE, Sala-Puigdollers A, Caputo S, Jaberansari H, Cien M, 
Gray J, et al. In vivo imaging of cortical vitreous using 1050 nm 
swept source deep range imaging optical coherence tomography. 
Am J Ophthalmol. 2014;157(2):397–404e2.

	16.	 Itakura H, Kishi S, Li D, Akiyama H. En face imaging of posterior 
precortical vitreous pockets using swept-source optical coherence 
tomography. Invest Ophthalmol Vis Sci. 2015;56(5):2898–900.

	17.	Novais EA, Adhi M, Moult EM, Louzada RN, Cole ED, Husvogt L, 
et  al. Choroidal neovascularization analyzed on ultrahigh-speed 
swept-source optical coherence tomography angiography compared 
to spectral-domain optical coherence tomography angiography. Am 
J Ophthalmol. 2016;164:80–8.

	18.	Hood DC, Raza AS.  On improving the use of OCT imaging for 
detecting glaucomatous damage. Br J Ophthalmol. 2014;98:ii1–9.

	19.	Hood DC, Raza AS, de Moraes CGV, Liebmann JM, Ritch 
R.  Glaucomatous damage of the macula. Prog Retin Eye Res. 
2013;32:1–21.

	20.	Hood DC, Fortune B, Mavrommatis MA, Reynaud J, Ramachandran 
R, Ritch R, et al. Details of glaucomatous damage are better seen on 
OCT en face images than on OCT retinal nerve fiber layer thickness 
maps. Invest Ophthalmol Vis Sci. 2015;56(11):6208–16.

	21.	Hood DC, De Cuir N, Mavrommatis MA, Xin D, Muhammad H, 
Reynaud J, et al. Defects along blood vessels in glaucoma suspects 
and patients. Invest Ophthalmol Vis Sci. 2016;57(4):1680–6.

	22.	Hood DC, Raza AS, De Moraes CG, Alhadeff PA, Idiga J, Blumberg 
DM, et al. Evaluation of a one-page report to aid in detecting glau-
comatous damage. Transl Vis Sci Technol. 2014;3(6):8.

N. Choudhry and M.J. Sinai



23© Springer International Publishing AG 2017
Z. Michalewska, J. Nawrocki (eds.), Atlas of Swept Source Optical Coherence Tomography, 
DOI 10.1007/978-3-319-49840-9_3

Swept Source OCT Angiography 
in Different Diseases

Ricardo Noguera Louzada, Eric M. Moult, Emily Cole, 
James G. Fujimoto, and Jay S. Duker

Swept source optical coherence tomography angiography 
(SS-OCTA) devices are the latest OCT technology to become 
commercially available. These units feature scan rates of 
100,000 A-scans per second. In this chapter, the use of an ultra-
high speed SS-OCTA prototype device developed at 
Massachusetts Institute of Technology (Cambridge, MA, USA) 
and deployed to New England Eye Center, Boston, MA will be 
discussed. The prototype SS-OCT system has been described 
previously, so only key attributes are considered for the pur-
poses of this chapter [1]. This device utilizes a vertical-cavity 
surface-emitting laser (VCSEL) with a light source operating 
at a 1050 nm wavelength and a scan rate of 400,000 A-scans 
per second. Images are obtained by acquiring five repeated 
B-scans from 500 sequentially uniformly spaced locations on 
the retina, with each B-scan consisting of 500 A-scans. Thus a 
total of 5 × 500 × 500 A-scans are acquired per SS-OCTA vol-
ume with a total acquisition time of approximately 3.8 s. The 
imaging range is approximately 2.1 mm in tissue, and the axial 
and transverse resolutions in tissue are approximately 8–9 μm 

and approximately 15 μm, respectively. A post-processing reg-
istration step merges the orthogonally scanned “X-fast” and 
“Y-fast” volumes to patient motion artifacts [2].

Both hardware and software components of SS-OCTA 
devices are equally important in the acquisition and 
generation of high-quality SS-OCTA images, and differ-
ences in the appearance of SS-OCTA images from different 
commercially available devices cannot be solely attributed to 
wavelength, type of device, or the number of A-scans per 
second. It is also important to consider whether eye tracking 
is used, as this may contribute to reduced motion artifact; the 
prototype does not utilize eye tracking. Finally, there are 
intrinsic properties of SS-OCTA image processing software 
that can affect the final appearance of the images, including 
grayscale, brightness, and image thresholding. Thresholding 
is a background step that is applied to the SS-OCT signals 
that are used to generate the SS-OCTA images. It is part of 
the image processing that occurs before the final SS-OCTA 
image is displayed to the clinician on the SS-OCTA device. 
Thresholding is a process that allows “noise” to be differenti-
ated from what can reliably be interpreted as flow.

SS-OCTA images are created by computing the differ-
ences between SS-OCT B-scans consecutively acquired 
from the same retinal location. The contrast in an SS-OCTA 
image is generated by the movement of the erythrocytes; 
however, if the velocity of erythrocytes in the vessels is very 
slow, then the consecutively acquired SS-OCT B-scan will 
not be sufficiently different for erythrocyte motion to be 
detected. Thus, SS-OCTA systems have a characteristic 
“slowest detectable flow,” below which erythrocyte flows 
cannot be detected. The slowest detectable flow is dependent 
on the interscan time—that is, the time between repeated 
B-scans. Current interscan times on commercial spectral 
domain OCT (SD-OCT) devices are approximately 5  ms, 
while the interscan time on the prototype SS-OCT system 
used in this chapter is approximately 1.5 ms.

The variable interscan time analysis (VISTA) algorithm 
works by collecting multiple (>2) repeated B-scans at each 
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retinal location and then forming images with different 
effective interscan times by comparing differently spaced 
image pairs. By altering the effective interscan time the 
slowest detectable flow is shifted and different flow speeds 
can be visualized. Thus VISTA allows for relative flow 
speeds to be visualized. Because the VISTA requires the 
acquisition of multiple (>2) repeated B-scans, high-speed 
imaging is needed [2, 3].

All of the images in this chapter were taken using the 
SS-OCTA Prototype device developed at Massachusetts 
Institute of Technology.

3.1	 �OCT Angiography of Vascular 
Occlusions

3.1.1	 �Retina Vein Occlusion

Retinal vein occlusion (RVO) is the second most common 
retinal vascular disease after diabetic retinopathy. RVO is 
commonly divided into central retinal vein occlusion 
(CRVO) and branch retinal vein occlusion (BRVO), and can 
be associated with macula edema, which affects the central 
visual acuity. Increased retinal thickness can be caused by 
the intraretinal cysts as well as serous retinal detachment [4]. 
Venous occlusion in both BRVO and CRVO may be caused 
by an intraluminal vascular obstruction, external venous 
compression, or other extrinsic vascular pathology [5, 6].

Fluorescein angiography (FA) is the most common ancil-
lary test used for imaging the retinal vasculature in vein 
obstructions and is useful to identify, monitor, and visualize 
the vascular changes as well as confirm the presence of non-
perfusion, neovascularization, and macular edema. The dis-
advantages of FA include the invasive injection of dye, risk 
of adverse side effects, length of imaging, and difficulty 
visualizing structures that may be obscured due to leakage.

SS-OCTA is a depth-resolved imaging modality which 
allows the evaluation of spatial relationships of fundus ves-
sels and enables detailed en face visualization of the superfi-
cial and deep retinal vascular plexuses. It can be used to 
quantify the foveal vascular zone (FAZ) enlargement, capil-
lary non-perfusion appearance, microvascular abnormalities, 
and vascular congestion. SS-OCTA is also able to analyze 
arteriovenous anastomoses of the superficial and deep 
plexus. In ischemic RVO, it is possible to visualize areas of 
capillary non-perfusion in retina areas using both FA and 
SS-OCTA. In RVO, it was suggested that the decrease in vas-
cular perfusion is more prominent in the deep retinal capil-
lary plexus (see Figs. 3.1 and 3.2) [6].

In retinal vein occlusions, the ultra-high speed SS-OCTA 
does not offer a clear advantage over SD-OCTA systems in 
visualization of the vascular abnormalities of the superficial 
and deep plexuses. However, long wavelength SS-OCTA is 
better able to visualize the choriocapillaris and choroidal 
vessels and ischemic changes that may occur as part of the 
global ischemia that occurs. Additionally, SS-OCTA can be 
used to visualize the progression or reperfusion of ischemia 
over time, as it is an imaging study that can be easily per-
formed at multiple follow-up visits.

R.N. Louzada et al.
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Alteration of the retinal contour may occur secondary to 
macular edema in patients with vein occlusions, which can 
cause segmentation error in automated segmentation algo-
rithms on commercially available devices. Post-acquisition 
image processing uses Bruch’s membrane, the internal limit-
ing membrane (ILM), or other distinct layer in the chorio-
retinal anatomy as a reference with respect to which en face 

image planes are segmented [7]. However, manual segmen-
tation and flattening of these prototype images can help 
reduce segmentation error and better visualize the vascula-
ture in one plane simultaneously without needing to scroll 
through a three-dimensional volume. Future commercially 
available SS-OCT systems should include automated flatten-
ing software for better visualization of SS-OCTA features.

a b c

d e f

Fig. 3.1  SS-OCTA orthogonal view of branch retina vein occlusion. 
The left eye of a 61-year-old Caucasian female using the VCSEL 
SS-OCTA. (a) Unflattened structural en face 3 × 3 mm SS-OCT with 
(b), the corresponding 3 × 3 mm X-Fast SS-OCT B-scan, and (c), the 
corresponding 3 × 3 mm Y-Fast OCT B-scan. (d) Unflattened  structural 

en face 6 × 6 mm SS-OCT with (e) the corresponding 6 × 6 mm X-Fast 
SS-OCT B-scan and (f) corresponding 6 × 6 mm Y-Fast SS-OCT 
B-scan. The SS-OCTA shows microvascular abnormalities such as 
areas of capillary non-perfusion, capillary loops, and microaneurysms

3  Swept Source OCT Angiography in Different Diseases
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a b

c d

Fig. 3.2  OCTA orthogonal view of macular edema due to central retina 
vein occlusion (CRVO). The left eye of a 72-year-old Caucasian male 
using the VCSEL SS-OCTA. (a), 3 × 3 mm SS-OCT angiogram and 
(b), the corresponding structural en face SS-OCT. (c), 3 × 3 mm X-Fast 

SS-OCT B-scan and (d), the corresponding 3 × 3 mm Y-Fast SS-OCT 
B-scan. The areas of macular edema appear as dark, cystic areas with 
well-delineated borders

R.N. Louzada et al.
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3.1.2	 �Retinal Artery Occlusion

There are two main forms of retinal artery occlusion: 
branch retinal artery occlusion (BRAO) and central retinal 
artery occlusion (CRAO). BRAO occurs when the artery 
becomes blocked, usually due to an embolus. BRAO is 
usually the result of embolus that lodges at the bifurcation 
of a retinal arteriole. In the obstructed area, capillary drop-
out due to occlusion of blood flow is evident. Histopathologic 
studies have shown that in acute BRAO, there is an area of 
ischemia in the corresponding retinal quadrant, which is 
followed by inner retinal atrophy in long-standing cases. 
On SS-OCT, CRAO shows a distinct pattern of increased 

reflectivity and thickness of the inner retina in the acute 
phase and a corresponding decrease in reflectivity of the 
outer layer of the retina, retina pigment epithelium (RPE), 
and choriocapillaris. Similar to retinal vein occlusions, the 
ultra-high speed SS-OCTA may not offer a clear advantage 
over SD-OCTA systems in visualization of the vascular 
abnormalities of the superficial and deep plexuses, where 
the most obvious and dramatic changes occur. As well as 
the SD-OCTA, SS-OCTA of an acute BRAO show an isch-
emic area (see Fig. 3.3c) in the corresponding retinal quad-
rant of the branch marked by inner retinal edema at the 
initial stage followed by atrophy in long-standing cases 
(see Fig. 3.3).

a b c

d e f

Fig. 3.3  Multimodal image of branch retina artery occlusion (BRAO) 
with color fundus photo. The right eye of a 70-year-old Caucasian man 
using the VCSEL SS-OCTA. In the superficial plexus, it is possible to 
visualize the main superficial retina vessels in the arterial occluded area 
that lose some, but not all, collateral branches (asterisk) after the isch-
emic event. (a) Color fundus photo zoomed in to an approximately 3 × 
3  mm area centered at the optic nerve showing RAO (asterisk). (b) 
Unflattened structural en face 3 × 3  mm SS-OCT. (c) 6 × 6  mm 

SS-OCTA of the superficial vascular plexus. The yellow asterisk corre-
sponds to an occluded vessel that can be faintly seen on the structural en 
face SS-OCT, but not the SS-OCT angiogram. (d) Corresponding 6 × 
6 mm X-Fast SS-OCT B-scan. The stars mark the corresponding shad-
owing artifact from the overlying vessels (e) unflattened structural en 
face 6 × 6 mm SS-OCT at the level of the RPE. (f) Corresponding 6 × 
6 mm Y-Fast SS-OCT B-scan
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3.2	 �Non-neovascular Age-Related 
Macular Degeneration

Dry, or non-neovascular, age-related macular degeneration 
(AMD) is a progressive chronic disease that is one of the 
leading causes of irreversible legal blindness in developed 
countries in adults older than 50 years of age. It is almost 
always bilateral and primarily affects the macula. There are 
both genetic and lifestyle risk factors that are related to the 
development and progression of dry AMD [8, 9].

Drusen, pigmentary changes, and photoreceptor and ret-
ina pigment epithelium loss can be observed clinically on 
fundoscopic examination. Photoreceptor changes can be 
caused by RPE dysfunction or can be secondary to chorio-
capillaris loss or both. The RPE provides nutrients to the 
overlying photoreceptors. RPE changes are the hallmark of 
late-stage dry AMD, and these areas of atrophy are com-
monly known as geographic atrophy (GA).

The SS-OCT prototype used in this chapter utilizes a lon-
ger wavelength, 1050  nm which has increased penetration 
through the RPE compared to shorter wavelength, ~840 nm, 
commercial SD-OCT systems. Depending on the imaging 
regime, SD-OCT may also suffer from sensitivity roll-off 
when imaging beneath the RPE. One of the most important 
advantages of SS-OCT in dry AMD is the enhanced visual-
ization of the choriocapillaris and the ability to visualize of 
the presence and pattern of ischemia in this layer.

3.2.1	 �SS-OCTA in Early- and Intermediate-
Stage Dry AMD

SS-OCTA enables precise correlation of structural and 
microvascular changes in the layers of the retina and cho-
roid, which has improved our understanding of this condi-
tion and its pathogenesis. Despite limited clinical symptoms 
in early AMD, it is possible to visualize chorioretinal changes 
in early-stage AMD on SS-OCT. Drusen presents as hyper-
reflective material between Bruch’s membrane and the 
RPE. SS-OCTA, with its enhanced visualization of the cho-
roid and choriocapillaris, can help to better visualize the 
relationship between the RPE, Bruch’s membrane, and the 
choriocapillaris (CC) in the pathogenesis of AMD [10].

By simultaneous visualization of structural and microvas-
cular information on SS-OCTA, it is possible to visualize 
drusen and observe vascular changes in the choriocapillaris 
both underneath and surrounding drusen. It has been noted 
that early dry AMD is associated with focal areas of chorio-
capillaris loss and a general reduction in choriocapillaris 
density when compared to age-matched normal controls. It is 
also possible to visualize the large choroidal vessels that lie 
below these areas of choriocapillaris loss. These SS-OCTA 
findings are supported by histopathologic data which have 
noted that drusen form over areas devoid of capillary lumens 
and extend into the intercapillary pillars, and that increased 
drusen density is associated with a reduction in the vascular 
density of the choriocapillaris [11–13].

R.N. Louzada et al.
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3.2.2	 �SS-OCTA in Advanced Dry AMD

Geographic atrophy (GA) occurs in late-stage AMD and 
SS-OCTA in this area shows loss of choriocapillaris underly-
ing large areas of atrophy. Figure 3.4 shows that areas of 
choriocapillaris loss can be correlated to areas of RPE 
atrophy.

SS-OCTA has been used to show that alterations in the 
choriocapillaris within the borders of GA tend to be primar-
ily atrophic, while changes in the choriocapillaris beyond the 
GA borders appear to be mostly areas of impaired flow. 
When the area of choriocapillaris under the GA is compared 
to the surrounding normal areas, it is noted that there is con-
siderable loss of flow in the choriocapillaris.

a b c

d e f

Fig. 3.4  Non-neovascular AMD.  SS-OCT angiogram fields of view 
with color fundus photo. The left eye with geographic atrophy (GA) of 
a 62-year-old Caucasian man using the VCSEL SS-OCTA. (a) Color 
fundus photo showing the GA. (b) Fundus autofluorescence showing 
the GA. (c) Structural en face 9 × 9 mm showing the GA. (d) The 3 × 
3 mm SS-OCTA of the choriocapillaris demonstrates flow impairment 

in a similar area as the area of RPE atrophy and larger choroidal vessels 
have been push inward into the area of choriocapillaris atrophy. (e, f) 
The 6 × 6 mm SS-OCTA of the choriocapillaris with a red dotted line 
around an approximately 3 × 3  mm area centered at the macula. (f) 
Structural en face SS-OCT-B 3 × 3 mm showing the GA

3  Swept Source OCT Angiography in Different Diseases
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3.3	 �Central Serous Choroidal Retinopathy

Central serous chorioretinopathy (CSCR) usually affects 
young or middle-aged healthy individuals and can result in 
both acute, usually reversible, visual loss or in some cases 
a chronic decrease in visual acuity. Acute CSCR is caused 
by the rapid accumulation of subretinal fluid (SRF) in the 
macular area secondary to a focal leak in the RPE.  The 
chronic form is believed to be due to more diffuse RPE 
changes located in the macula and is characterized by dif-
fuse RPE leakage on the fluorescein angiography. It may or 
may not be associated with the presence of SRF.  One or 
more serous retinal detachments of the neurosensory retina 
can be associated with the concurrent presence of one or 
more retinal pigment epithelium detachments (RPED) that 
can be located foveally, subfoveally, and perifoveally. 
Photoreceptor damage and permanent vision loss can result 
from persistent SRF [14].

Choroidal neovascularization (CNV) in CSCR is a poten-
tial cause of vision loss in the chronic form of the disease. It 
predominantly occurs in middle-aged to older male patients 
and is typically unilateral. It can be easily confused with 
CNV due to wet AMD.

FA and ICGA are considered the gold standard for imag-
ing the retinal and choroidal vasculature. These modalities 
are dynamic and can visualize dye transit over time, allowing 
direct visualization of large vessel filling and eventual leak-
age and/or pooling of dye [15].

3.3.1	 �SS-OCTA Imaging of CNV Secondary 
to CSCR

SS-OCTA imaging is an important modality in diagnosing 
and managing patients with CSCR, particularly for the 
assessment of CNV in chronic CSCR.  CSCR complicated 
with CNV is less often associated with subretinal hemor-
rhage compared to wet AMD, which makes it more suitable 
to be imaged with this technology, as subretinal hemorrhages 
can cause large areas of signal blockage and poor quality 
OCTA images. In cases in which hemorrhages are present, 
however, longer wavelength SS-OCTA will present better 
signal penetration and may have better visualization of vas-
cular features of CNV compared to other commercially 
available SD-OCTA devices (see Fig. 3.5).

Structural and microvascular details of CNV and the pres-
ence of trunk vessels are more prominent on SS-OCTA com-
pared to FA and ICGA. Trunk vessels are defined as large 
vessels with multiple branch points coming off a single loca-
tion and can either be feeding or draining vessels. It is not 
possible to determine whether they are feeding or draining 
vessels on OCTA since it is a static study that cannot visual-
ize blood flow over time. The corresponding en face SS-OCT 
is able to detect RPE alterations that are associated with cho-
roidal abnormalities. SS-OCTA (see Fig. 3.6b, c) scans can 
be helpful to visualize the morphology of vessels at the 
periphery of the lesion, branching patterns, and vascular 
anastomoses (see Fig. 3.7) [1, 15].

The decreased signal roll-off and longer wavelength of the 
SS-OCT technology allow better interpretation of imaging of 
the choroidal vasculature, which allows for the assessment and 
diagnosis of co-existing CNV lesions to be detected even if 
they are non-exudative (see Figs. 3.5, 3.6 and 3.7). It can also 
better visualize the full extent of the neovascular membrane 
compared to commercially available SD-OCT devices [1, 7].

R.N. Louzada et al.
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a b c

d e f

Fig. 3.5  SS-OCTA of type 1 choroidal neovascularization (CNV) in 
Chronic Central Serous Chorioretinopathy. The left eye of a 71-year-
old Caucasian man using the VCSEL SS-OCTA. (a) Corresponding 3 × 
3 mm X-Fast SS-OCT B-scan. (b) Unflattened Structural en face 3 × 
3  mm SS-OCT at the level of the RPE. (c) Corresponding  

3 × 3 mm Y-Fast SS-OCT B-scan. (d) Corresponding 6 × 6 mm X-Fast 
SS-OCT B-scan. (e) Unflattened Structural en face 6 × 6 mm SS-OCT 
at the level of the RPE. The red dotted box is the corresponding 3 × 
3 mm. (f) Corresponding 6 × 6 mm Y-Fast SS-OCT B-scan
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Fig. 3.6  SS-OCTA wide-
field view 12 × 12 mm and 
segmentation layer and color 
fundus photo in type 1 
choroidal neovascularization 
(CNV) in chronic central 
serous chorioretinopathy. The 
left eye of a 71-year-old 
Caucasian man using the 
VCSEL SS-OCTA. (a) Color 
fundus photo. (b) 12 × 12 mm 
X-Fast SS-OCT B-scan. (c) 
12 × 12 mm Y-Fast SS-OCT 
B-scan. (d) Structural en face 
12 × 12 mm with the yellow 
dotted box corresponding the 
6 × 6 mm

Fig. 3.7  SS-OCT angiogram fields of view and segmentation layers. 
The left eye with type 1 choroidal neovascularization (CNV) in chronic 
central serous chorioretinopathy of a Caucasian man using the VCSEL 
SS-OCTA. (a) Structural en face 3 × 3 mm. (b) Color fundus photo. (c) 
Corresponding X-axis SS-OCT B-scan at the cross-section. (d) 

SS-OCTA retina of the choriocapillaris showing the type 1 CNV with 
the corresponding X-axis SS-OCT B-scan at the cross-section (yellow 
horizontal line in (e)). (f) SS-OCTA unthresholded of the choriocapil-
laris showing type 1 CNV with the corresponding X-axis SS-OCT 
B-scan at the cross-section (the yellow horizontal line in (g))
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3.4	 �Polypoidal Choroidal Vasculopathy

Polypoidal choroidal vasculopathy (PCV) is characterized 
by the presence of recurrent serosanguineous PEDs and 
neurosensory retinal detachments, and is considered a vari-
ant form of CNV characterized by the presence of multiple 
polyps [16]. The vascular abnormalities underlying the dis-
order in PCV are thought to be a variant of a choroidal neo-
vascular complex, which is composed of a branching 
vascular network with terminal polypoidal dilatations. ICG 

is regarded as the gold standard for the diagnosis of the 
PCV, as it can delineate the presence of single or multiple 
nodular areas of hyperfluorescence arising from the choroi-
dal circulation with or without an associated branching vas-
cular network. On SS-OCT angiography the increased 
penetration allows for improved imaging beneath the 
RPE. The structural en face SS-OCT can better visualize the 
microvascular structure of the polyps due to the longer 
wavelength with increased choroidal and decreased sensi-
tivity roll-off (see Fig. 3.8) [7, 16].

a

d e f

b c

Fig. 3.8  Multimodal image of polypoidal choroidal vasculopathy 
(PCV). The right eye of a 62-year-old male using the VCSEL SS-OCTA. 
(a) Unflatten structural en face 3 × 3  mm SS-OCT angiogram. 

(b)  Unflattened 3 × 3  mm SS-OCTA. (c) Corresponding SS-OCT 
B-scan. (d) Color fundus photo. (e) Fluorescein angiography. 
(f) Indocyanine green angiography

R.N. Louzada et al.
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3.5	 �SS-OCT Angiography 
of Choroidal Nevi

Choroidal nevi are flat, benign, pigmented choroidal 
lesions that are neoplasms of melanocytes in the outer 
layers of the choroid. OCTA of choroidal nevi does not 
show blood flow or vascular structures inside the struc-
ture, and the choriocapillaris and choroidal vessels cannot 

be visualized on OCTA.  The pigmented lesions cause 
OCT signal attenuation underneath the lesion, so structures 
below the RPE and choriocapillaris are difficult to 
visualize, even using SS-OCTA (see Fig. 3.9). Thicker 
nevi may obstruct blood flow to the RPE and outer retinal 
layers and lead to RPE and photoreceptor degenera-
tion. Rarely, CNV can be associated with choroidal nevi 
[7, 17, 18].

a b c

d e f

Fig. 3.9  SS-OCT angiogram fields of view and segmentation layers in 
nevus. The right eye with Choroidal nevi using the VCSEL SS-OCTA. 
(a) Color fundus photo showing the nevus. The dotted white square is 
zoomed in to an approximately 3 × 3 mm area and the dotted yellow 
square is zoomed in to an approximately 6 × 6 mm area centered at the 
macula. (b) Structural en face 3 × 3  mm showing the NEVI. (c) 
Corresponding X axis 3  mm SS-OCT B-scan at the cross-section. 

Yellow arrows show drusen surrounded the nevus. (d) Corresponding 
X-axis 6 mm SS-OCT B-scan at the cross-section (horizontal yellow 
line in (e)). (e) Structural en face 6 × 6 mm showing the nevus. The dot-
ted white square is zoomed in to an approximately 3 × 3 mm area cen-
tered at the macula. (f) Corresponding Y-axis 6 mm SS-OCT B-scan at 
the cross-section demonstrated by the horizontal yellow line in (e)

3  Swept Source OCT Angiography in Different Diseases
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Healthy Retinal Vasculature

Mayss Al-Sheikh and SriniVas R. Sadda

Swept source optical coherence tomography angiography 
(SS-OCTA) is a noninvasive technique used to compare the 
movement of blood over multiple B-scans to assess the reti-
nal vasculature at a microscopic level three-dimensionally, 
without using any intravenous dye.

Previous anatomic studies showed that the retinal vessels 
were distributed in a superficial plexus, at the border between 
the ganglion cell layer and the nerve fiber layer, and a deep 
plexus, containing two layers of small-sized capillaries that 
bracket the inner nuclear layer [1].

OCT angiography (OCTA) confirmed those histological 
findings and allowed examination of the vessel plexus in the 
superficial and deep retinal layers with their different features 
[2]. The two plexuses that make up the deep capillary plexus 
may be considered a single “deep” layer; there may, however, 
be reasons to treat them as two individual layers (“intermedi-
ate” and “deep”), as there may be diseases that may affect 
them selectively (e.g., paracentral acute middle maculopathy 
versus acute macular neuroretinopathy). This is a topic that 

requires further study and most commercial OCTA instru-
ments display only superficial and deep layers as a default.

The SS-OCTA examination described herein was per-
formed using a device with a central wavelength of 1050 nm 
and an A-scan-rate of 100,000 scans per second (DRI OCT 
Triton, TOPCON). A 3 × 3 × 3 mm macula cube image was 
acquired, each cube consisting of 320 clusters of four 
repeated B-scans, each containing 320 A-scans. Tissue reso-
lution was 7 and 20 μm in tissue (axial and transverse).

En face images of the retinal vasculature were generated 
from the superficial capillary layers (SCL) and deep capil-
lary layers (DCL). The internal limiting membrane was used 
as the plane of reference. The superficial capillary layer was 
segmented, starting with the internal limiting membrane, 
including the ganglion cell layer to the inner boundary at the 
inner plexiform layer. The deep capillary plexus was seg-
mented from the inner boundary of the inner plexiform 
layer, including the inner nuclear layer to the outer plexi-
form layer.
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4.1	 �The Superficial Capillary Layer

The superficial capillary plexus, located in the ganglion cell 
layer and the nerve fiber layer, is composed of long arterioles 
and venules that emanate from the superior and inferior ves-
sel arcades. The arterioles and venules are connected by 
transverse capillaries, forming an interconnecting plexus 
(see Fig. 4.1). The capillary terminals form a continuous 
perifoveal ring.

4.2	 �The Deep Capillary Layer

The deep capillary plexus is located in the inner nuclear layer 
and external plexiform layer. Former histologic studies have 
shown this capillary network to consist of two layers brack-
eting the two borders of the inner nuclear layer. On OCTA 
with slab segmentation thickness of 30 μm, those two layers 
can be merged and considered as one deep plexus.

The deep retinal layer shows a polygonal-shaped capillary 
plexus, radially connected toward the center (see Fig. 4.2). It 
is believed that the center leads to a vertical interconnecting 
channel that connects the superficial and deep plexuses.

a

b

Fig. 4.1  (a) A 55 μm thick OCTA C-scan (autosegmented 3 × 3 mm) 
using the internal limiting membrane (ILM) as a plane of reference. The 
scan is taken from 2.6 μm underneath the ILM to 15.7 μm below the 
boundary between inner plexiform layer (IPL) and inner nuclear layer 
(INL) at the level of the ganglion cell layer (GCL), showing the arteri-
oles and venules originating from the superior and inferior arcades and 
the transverse connecting capillaries. (b) The corresponding B-scan 
shows the precise segmentation of the superficial capillary layer

a

b

Fig. 4.2  (a) A 90 μm thick OCTA C-scan using of the deep capillary 
layer. The scan is taken from 15.7 μm underneath the inner plexiform 
layer (IPL)/inner nuclear layer (INL) to 70 μm underneath, at the level 
of the (INL). Some projection artifact from the superficial capillary 
layer can be seen (arrows). (b) The corresponding B-scan shows the 
precise segmentation of the deep capillary layer

M. Al-Sheikh and S.R. Sadda
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4.3	 �The Outer Retina

Viewed on OCTA, the outer retina is avascular. Using high 
resolution SS-OCTA allows visualization of the different 
layers of the outer retina (see Fig. 4.3). The outer nuclear 
layer (ONL) and the Henle’s fiber layer are localized between 
the external limiting membrane (ELM) and the outer plexi-
form layer (OPL). The ONL is relatively hyporeflective, but 
the Henle’s layer may have variable reflectivity depending 
on the orientation of the light source relative to the plane of 
the retina at that location. The myoid zone, the next hyper-
reflective band in the outer retina, extends between the ELM 
and the ellipsoid zone and represents the myoid fraction of 
the inner segment of the photoreceptors. The ellipsoid zone 
is a hyperreflective band representing an interface between 
inner and outer photoreceptor segments. The outermost 
hyperreflective band is the interdigitation zone, anterior to 
the retina pigment epithelium (RPE), representing the con-
tact cylinders composed of the apical processes of the RPE 
cells and tips of the cone photoreceptor outer segments.

4.4	 �The Choriocapillaris

The choriocapillaris, which is limited to the inner portion of 
the choroid, contains small vessels with fenestrated endothe-
lial cells. The choriocapillaris supplies oxygen and other 
metabolites to the RPE and outer neurosensory retina.

The choroid has the highest blood flow per unit of tissue 
weight in the human body. The architecture of the choriocap-
illaris is still controversial. A lobular vasculature was 
detected in the posterior pole using scanning electron micros-
copy. Figure 4.4 shows “confluent” flow of the choriocapil-
laris on SS-OCTA; however the inter-sinusoidal spaces in the 
macula are likely at the transverse resolution limit of conven-
tional OCT. In addition, using SS-OCTA based on motion as 
contrast has its limitations specifically for the choriocapil-
laris. Since this method detects flow velocity within a limited 
dynamic range, vascular flow in the choriocapillaris that is 
too slow will not be detected. Therefore, a focal “absence” of 
choriocapillaris on an OCTA image may be related to slower 
flow rather than absent flow.

Fig. 4.3  Shows the different layers of the outer retina and vitreous

4  Healthy Retinal Vasculature
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a

b

Fig. 4.4  (a) A 10 μm thick OCTA scan of the 
choriocapillaris using the Bruch’s membrane as a plane 
of reference demonstrating the “confluent” flow of the 
choriocapillaris. (b) The corresponding B-scan shows 
the precise segmentation of the choriocapillaris

M. Al-Sheikh and S.R. Sadda
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4.5	 �The Vitreous

The vitreous body, which consists of organized collagen 
fibers and hyaluronic acid, occupies about 80% of the eye 
volume. Based on the remarkable development of imaging 
techniques, recent studies have shown detailed observations 
of the posterior vitreous spaces using SS-OCT with increas-
ing resolution and depth of field. Several optically empty 
spaces could be identified using SS-OCT [3, 4]. The first 
space overlies the macula and corresponds to the premacular 
bursa described by Worst. The second space overlies the 
optic nerve with a connection to the premacular space. This 
space corresponds to the previously described area of 
Martegiani. The anterior and superior extension of the 
premacular bursa shows a connection to the Cloquet’s canal 
at variable distance from the optic disc (see Fig. 4.3).
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Swept Source OCT in Pseudodrusen

Hideyasu Oh

Pseudodrusen are pathological deposits that locate in the 
outer retinal layer. Unlike hard drusen and soft drusen, which 
are normally observed outside the retina pigment epithelium 
(RPE) layer, pseudodrusen are detected in the photoreceptor 
layer of the retina on swept source optical coherence tomog-
raphy (SS-OCT) images. The characteristic morphology of 
pseudodrusen is that they are often conical, but can be 
rounded in some cases. They can also be well documented 
through the use of blue-light fundus photography and infra-
red scanning ophthalmoscopes. Clinically, pseudodrusen 
have been reported to be involved in the development of 
advanced age-related macular degeneration (AMD); detec-
tion is therefore crucial in the effort to prevent visual 
impairment.

5.1	 �Background

Pseudodrusen were first reported by Mimoun et  al. as a 
yellowish interlacing pattern of macular lesions, and were 
best observed with blue-light fundus photography [1]. 
Arnold et  al. [2] described the appearance as “reticular 
pseudodrusen” and proposed that the lesion might arise 
from the choroid. Subsequently, Schmitz-Valckenberg 
et al. reported that infrared scanning ophthalmoscopes are 
capable of effective illustration and diagnosis of the pres-
ence of pseudodrusen [3].

5.2	 �Classification

Based on spectral domain optical coherence tomography 
(SD-OCT) findings, Zweifel et al. [4] reported that pseudo-
drusen are subretinal drusenoid deposits, and classified them 
into three stages during disease progression. Stage 1 is defined 
as diffuse deposition of granular hyperreflective material 
between the retinal pigment epithelium and the ellipsoid zone. 
Stage 2 occurs when the contour of the ellipsoid zone is altered 
by accumulated material. In stage 3, the material becomes 
conical in shape and breaks through the ellipsoid zone.

Suzuki et al. recently proposed that pseudodrusen can be 
classified into three subtypes, based on multimodal fundus 
imaging [5]. The principal type, “dot pseudodrusen,” is char-
acterized as discrete dots on color photography, hyporeflec-
tive dots with target configuration on infrared scanning laser 
ophthalmoscope (IR-SLO), and subretinal accumulation of 
material with sharp peaks on SS-OCT (Figs. 5.1, 5.2, 5.3, 5.4 
and 5.5). The second type, “ribbon pseudodrusen,” is mani-
fested as interlocking ribbons on color photography, faint 
hyporeflective ribbons on IR-SLO, and subretinal accumula-
tion of material forming broad, rounded prominences on 
SS-OCT (Figs. 5.6, 5.7, 5.8, 5.9, 5.10 and 5.11). The third 
type, “peripheral pseudodrusen,” is rare and has small indi-
vidual globules on color fundus photography, hyperreflective 
spots on IR-SLO, and subretinal accumulation of material 
forming rounded elevations on SS-OCT.
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Fig. 5.1  A color fundus photograph of a case of dot pseudodrusen. A 
few pseudodrusen were documented

Fig. 5.2  One year later in the same eye, increased pseudodrusen were 
observed

Fig. 5.3  Blue reflectance SLO image. The contour of individual pseu-
dodrusen were clearly defined

Fig. 5.4  SS-OCT image. Triangular or rounded hyperreflective depos-
its located in the outer retina. Note that the different stages of pseudo-
drusen were detected in this single scan image. Dashed arrow, arrow 
heads, and arrows indicate stage 1, 2, and 3 pseudodrusen respectively, 
according to the classification of Zweifel et al.
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Fig. 5.5  A color-coded choroidal thickness map created from SS-OCT 
radial scans. Note that most parts of the macula are occupied with thin 
choroid

a b

Fig. 5.6  Color fundus photographs of a case of a combination of ribbon and dot pseudodrusen ((a), right eye; (b), left eye)

5.3	 �Clinical Implications

A prospective cohort study of subjects with unilateral cho-
roidal neovascularization (CNV) and large soft drusen found 
that their fellow eyes with pseudodrusen at baseline have 
higher incidence of developing advanced AMD after 3 years 
of follow-up, as compared to those without pseudodrusen at 
baseline [6] (Figs. 5.6, 5.7, 5.8, 5.9, 5.10 and 5.11).

5  Swept Source OCT in Pseudodrusen
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a b

Fig. 5.7  Fundus autofluorescence images ((a), right eye; (b), left eye). A combination of ribbon and dot pseudodrusen exhibit hyporeflectivity 
(area within the line)

a

b

Fig. 5.8  Spectral domain OCT images ((a), right eye; (b); left eye). Arrows and arrowheads indicate ribbon and dot pseudodrusen, 
respectively
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a

b

Fig. 5.11  SS-OCT images ((a), right eye; (b), left eye). (a) RPE layer 
(arrowheads), rolled RPE (asterisk), and area with denuded RPE 
(double-headed arrow). (b) Dot pseudodrusen (arrowheads) and drusen 
(arrows). Note that the choroidal thickness of both eyes is extremely thin

Fig. 5.9  Four years after the initial visit, the right eye developed cho-
roidal neovascularization and an RPE tear. The fundus autofluorescence 
image shows the retina with denuded RPE due to an RPE tear (area 
within the line). The dashed line indicates the scan line in Fig. 5.11a

Fig. 5.10  Color fundus photograph of the left eye recorded at the same 
visit as in Fig. 5.9. No remarkable changes were detected

5  Swept Source OCT in Pseudodrusen
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5.4	 �Choroidal Correlations

Grewal et al. recently reported that pseudodrusen are more 
likely to be located in the immediate proximity of the choroi-
dal vessels when compared to the remaining control lesions 
[7]. By using a choroidal thickness/volume map created 
from 3D raster SS-OCT scans, Ueda-Arakawa et al. found 
that eyes with pseudodrusen commonly have a thin choroid 
regardless of choroidal neovascularization/geographic atro-
phy. They also reported that the area of choroidal vasculature 
is significantly reduced in eyes with pseudodrusen [8].
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Swept source optical coherence tomography (SS-OCT) en 
face mode provides a coronal view of the posterior segment 
at different depths. This mode provided a way to explore the 
fundus similar to that of a routine slit-lamp examination, or 
traditional fundus photographs or angiography. It supplies 
more information than conventional cross-sectional imaging, 
allowing the physician to make a rapid diagnosis across the 
macula with a full macular view at different depths, which 
gives a three-dimensional perspective. When B-scan and en 
face mode are used together, they may provide additional 
anatomic insight into diseases in a non-invasive manner.

En face images are obtained after an automatic flattening 
at the desired depth, usually at the retinal pigment epithelium 
(RPE)—Bruch’s membrane layers, using a three-dimensional 
volumetric scan. This segmentation provides better quality 
images due to the correction of the concavity of the eye, 
tilted tomography scans, anatomic distortions due to retinal 
edema, subretinal fibrosis, retinal pigment epithelium 
detachment, or choroidal excavation.

6.1	 �En Face OCT in Neovascular Age-
Related Macular Degeneration

Our research group, studying neovascular age-related macu-
lar degeneration (nvAMD), has described the features of the 
RPE and the choroid and compared them with fluorescein 
angiography (FA) and/or indocyanine green angiography 
(ICGA) findings [1]. The investigators examined fundus pho-
tographs, areas of fluid leakage in early and late frames of FA 
and hyperfluorescent plaques, hot spots and polyps in early 
and late frames of ICGA, and en face SS-OCT images from 
38 eyes with nvAMD including types 1, 2, and 3 of the new 
OCT-based nvAMD classification [2]. The choroid plays an 
important role in the etiology and physiopathology of types 1 
(Fig. 6.1) and 2 (Fig. 6.2) and in the late stages of type 3.

RPE en face images revealed pathologic alterations in all 
the studied eyes. Changes in the RPE were classified into 
two groups: group 1, related to the neovascular lesion or 
group 2, surrounding the neovascular lesion. The extent of 
the neovascularization was determined using a multimodal 
imaging study, including FA, ICGA, and SS-OCT images. 
All the eyes had RPE defects within the neovascular area, 
and most of them (76%) showed a hyporeflective lesion. 
Forty-seven percent of the eyes had a defect surrounding the 
neovascular lesion, which was hyperreflective in 39% and 
hyporeflective in 61% of the cases. All the eyes showed 
changes in the choriocapillaris in en face imaging, and nearly 
50% of them presented hyperreflective or hyporeflective 
alterations. The normal capillary pattern was interrupted at 
the neovascularization area in all the cases, considering the 
choriocapillaris the layer just behind the RPE.

Sattler and Haller’s layers showed no changes in a few eyes 
corresponding to early (Fig. 6.3) and small neovascular mem-
branes as determined by FA with minimal retinal anatomic 
distortion on B-scan SS-OCT and type 3 choroidal neovascu-
larization (CNV). The rest of the patients showed mostly 
hyperreflective changes at these layers. No differences were 
found between the neovascular complex area, horizontal and 
vertical diameters, measured by en face SS-OCT and FA [1].
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a b
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Fig. 6.1  Neovascularization type 1 en face SS-OCT. An 80-year-old 
male diagnosed with neovascularization type 1 in his right eye. In the 
fundus photograph, changes in retinal pigment epithelium (RPE) and 
subretinal fluid, superior to the fovea, are shown (a) and choroidal neo-
vascularization is confirmed in fluorescein angiography (b). At the level 

of RPE (c), en face scan shows a granulate hyperreflective area just 
above a dark area that corresponds with a RPE detachment associated 
to the neovascular complex. A hyperreflective area represents the neo-
vascular lesion in choriocapillaris (d), Sattler’s (e), and Haller’s layers 
(f) level
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Fig. 6.2  Neovascularization type 2 en face SS-OCT. An 81-year-old 
female diagnosed with neovascularization type 2  in the left eye. A 
neovascular membrane associated with a subretinal fibrotic area with 
a macular hemorrhage is observed in fundus photograph (a). 
Fluorescein angiography confirms the neovascular complex with an 
extensive macular area of leakage (b). En face SS-OCT at retinal 

pigment epithelium (RPE) level shows hyporeflective changes cor-
responding with the area of leakage and a darker area corresponding 
with the macular hemorrhage (c). The corresponding areas of the 
neovascular complex in choriocapillaris (d), Sattler’s (e), and 
Haller’s (f) are seen with hyperreflective changes

6  En Face Swept Source OCT Study of Neovascular Age-Related Macular Degeneration
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Fig. 6.3  En face SS-OCT in neovascular AMD. A recently diagnosed 
neovascular AMD with subtle changes is shown in fundus photo-
graph (a). A neovascular complex is confirmed in fluorescein angiog-
raphy, with most of the leakage temporal in the macular area (b). En 
face SS-OCT at retinal pigment epithelium level shows mottled 

hyperreflective changes at the foveal and perifoveal area, with a sur-
rounding hyporeflective halo (c). The choriocapillaris level presents 
mottled hyporeflective changes at the center of the macula (d). No 
changes in the vascular patter of deeper layers are present in this 
patient (e, f)
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6.2	 �SS-OCT Angiography in Neovascular 
Age-Related Macular Degeneration

SS-OCTA is a new technology that visualizes vasculature 
using motion contrast, without using exogenous dyes [3]. 
Repeated scanning at the same location detects moving tis-
sue, which the device converts into an SS-OCT signal, and, 
simply, everything that the device detects as moving is trans-
lated in blood flow [3].

Type 1 neovascularization in AMD has been studied 
with SS-OCTA [4]. Two distinct forms were identified in 
76% of the eyes studied. The most frequent pattern was the 
“medusa” form, which was defined as a neovascular mem-
brane in which the vessels branched in all directions from 
the center of the lesion. The “seafan” form corresponds 

with a membrane that 90% of the lesion radiates from one 
side. Seventy-eight percent of the “medusa” form and 57% 
of the “seafan” form had a visible feeder vessel (Figs. 6.4, 
6.5 and 6.6) [4].

Type 3 lesions have also been described using 
SS-OCTA. Twenty-nine eyes diagnosed with type 3 neovas-
cularization in AMD were studied. Only 34% of the mem-
branes could be detected using SS-OCTA, but these 
comprised 63% of the lesions that were active at the moment 
of the study. The neovascular complexes appeared as small 
tufts of bright, high-flow minuscule vessels with curvilinear 
morphology in the outer retinal layers [5]. Neovascular com-
plex in retinal angiomatous proliferation are usually very 
small, even to perfectly delimited, in AF, so SS-OCTA could 
be a promising technique for this entity.

a b c

d e

g h

f

Fig. 6.4  En face and SS-OCTA in neovascular AMD. Fundus photo-
graph (a), early frames (b), and late frames of fluorescein angiography 
(c) show a classic neovascular lesion in the right eye of this patient. 
Indocyanine green angiography doesn’t show any abnormality (d). En 
face SS-OCT scan at retinal pigment epithelium (RPE) level shows 
hyporeflective changes at the neovascular complex level and also at the 

fibrovascular RPE detachment level (e). Drusenoid RPE detachment at 
the papillomacular bundle is presented hyperreflective in the en face 
scan (e). SS-OCTA shows a hyperreflective lesion corresponding to the 
neovascular complex at the superficial retinal capillary plexus (f) and 
deep retinal plexus (g). B-scan SS-OCT shows subretinal fluid, with 
shaggy photoreceptors and a flat RPE detachment (h)
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Fig. 6.5  SS-OCTA in neovascular AMD. A pigmented lesion is shown 
in this patient (a), who complains of a decrease in visual acuity. 
Neovascular AMD is confirmed in early (b) and late frames (c) of fluo-
rescein angiography. The neovascular membrane is clearly defined at 

the superficial (d) and deep retinal capillary plexus (e) in the SS-OCTA 
images. B-scan SS-OCT shows subretinal fluid at both sides of a subfo-
veal retinal pigment epithelium detachment (f)
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Fig. 6.6  SS-OCTA after aflibercept treatment in neovascular AMD. An 
extrafoveal fibrovascular pigment epithelium detachment (DEP) with 
some subretinal fluid is defined in the B-scan, secondary to neovascular 
AMD (a). SS-OCTA shows a neovascular complex in the deep retinal 

capillary plexus, with a clear afferent vessel (b). After one single 
aflibercept intravitreal injection, B-scan shows no changes in the DEP 
but a decrease of subretinal fluid (c). The neovascular complex has dis-
appeared in the SS-OCTA image (d)
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�Conclusions

En face SS-OCT is a rapid, non-invasive, high-resolution, 
promising technology that allows a complementary study 
of nvAMD. RPE and choriocapillaris layers are affected 
early in nvAMD (including early stages of retinal angio-
matous proliferation), and changes in the large and 
medium choroidal vessels are detected in well-established 
lesions. There is a correlation between angiography and 
en face SS-OCT images in neovascular AMD.

AMD study through SS-OCTA is the next step in 
imaging to visualize retinal and choroidal vessels and 
neovascular complex. This new technology will allow us 
a new perspective in nvAMD.
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Neovascular Age-Related Macular 
Degeneration Studied with Swept 
Source OCT
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Age-related macular degeneration (AMD) is a chronic 
degenerative disease that affects the central retina and is one 
of the most important causes of blindness in the world and 
the most frequent cause of irreversible legal blindness among 
people aged 50 or older in the developed countries [1]. 1.5% 
of Spain’s population (about 680,000 people) are affected by 
this disease, whereas in the United States the prevalence is 
around 6.5% in people aged 40 and older, affecting more 
than eight million people [2]. These figures are surely going 
to increase due to the exponential growth and aging of world 
population, with an estimated 288 million people suffering 
from the disease in 25 years’ time [3, 4].

AMD is reported to reduce the quality of life and to cause 
a loss of independence in daily activities of patients who are 
affected [5]. Several risk factors have been related to this dis-
ease, including age, gender, diet, smoking, cardiovascular 
diseases, obesity, hypertension and hypercholesterolemia 
among others, while a certain genetic predisposition has also 
been suggested [1, 6–11].

Degenerative macular changes have been typically classi-
fied into dry or wet AMD. Both these forms can cause visual 
acuity (VA) loss. This loss is usually progressive among 
patients who show the dry form, and drusen, hyper, or 
hypopigmentation of retinal pigment epithelium (RPE) are 
the usual ophthalmoscopic findings. On the other hand, 

patients suffering from wet (or exudative) AMD may attend 
with sudden VA loss caused by fluid leaks or hemorrhage 
from choroidal neovascularization (CNV).

Optical coherence tomography (OCT) is a useful imaging 
tool for the diagnosis and characterization of patients with 
AMD, and it has grown to be close to indispensable to cor-
rect treatment follow-up [12]. Longer-wavelength, swept 
source OCT (SS-OCT) is an innovative technology available 
for OCT imaging that further improves choroidal imaging 
compared to previous devices [13–19]. SS-OCT can perform 
image averaging of up to 96 B-scans at each location with an 
exploration time of 1 s [20].

7.1	 �Classification of AMD

Using a modified Delphi technique, a committee of experts 
in the field worked on a new classification system and termi-
nology for AMD in 2013. They took into account lesions 
within two disk diameters of the foveal center in patients 
aged 55 and older [21, 22].

•	 Patients with no signs of retinal aging: No drusen or RPE 
alterations. AMD-related findings include hypo/hyper-
pigmentation along medium or large drusen, which can-
not be associated with any other known retinal disease.

•	 Normal aging changes: Only small drusen (<63 μm), 
called drupelets to avoid confusion with larger drusen. 
These patients only show a 0.5% 5-year risk of develop-
ing late forms of AMD.

•	 Early AMD: Patients showing medium drusen (63–125 
μm) without pigmentary abnormalities.

•	 Intermediate AMD: Medium drusen in the context of 
RPE alterations or large drusen (>125 μm). Highest inter-
mediate AMD risk group shows a 50% five-year risk of 
advancing to late AMD.

•	 Late AMD: Persons with lesions associated with neovas-
cular AMD or geographic atrophy (GA).
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7.2	 �Early and Intermediate AMD

Several types of drusen have been described and related to 
different rates of progression to advanced forms of 
AMD. They are identified as small white-yellowish lesions, 
usually located at the posterior pole, that become more 

diffuse as their size increases. On SS-OCT B-scans they are 
seen as rounded deposits located between Bruch’s membrane 
and the RPE [23]. Drusen margins are clearly visible on 
SS-OCT images in the case of hard or small drusen, and 
more difficult to identify in the case of larger, soft drusen 
(see Figs. 7.1 and 7.2).

a

b

Fig. 7.1  SS-OCT B-scan of a patient with early age-related macular 
degeneration. Hard drusen are extracellular deposits located in the 
space between the elevated RPE and Bruch’s membrane. The protru-
sions of the RPE into the retina on SS-OCT appear as well-defined and 
usually smaller than a retinal vein’s width (<63 μm). The contents are 
sometimes moderately reflective (a). Longer-wavelength, SS-OCT 
allow for higher tissue penetration with image-quality loss, which 
allows us to see below the RPE. In the image, clearly defined Bruch’s 
membrane (red arrow) (b)

a

b

Fig. 7.2  SS-OCT B-scan of a patient with intermediate age-related 
macular degeneration. Soft drusen contents are sometimes moderately 
reflective and sometimes barely reflective at all (a). Margins are more 
difficult to identify than in the case of hard drusen (b), and separation 
between RPE and Bruch’s membrane becomes clearer
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7.2.1	 �Basal Laminar Drusen (Cuticular 
Drusen)

Basal laminar drusen appear as multiple small yellow lesions 
in the macular area, growing from the Bruch’s membrane 
showing a continuous nodular display. They tend to appear in 
relatively young adults. Pseudovitelliform macular detach-
ments have been related to this type of drusen. On OCT 
B-scans they show a particular pattern that Leng et  al. 
described as sawtooth pattern [24]. These authors also state 
the RPE overlying these lesions may suffer modifications 
leading to attenuation or increase of the OCT signal of the 
tissues below, depending on the damage or thickening of the 
RPE (see Fig. 7.3) [24].

7.2.2	 �Reticular Pseudodrusen

Reticular pseudodrusen (RPD), easier to identify at first using 
blue light [25, 26], were described by Arnold and colleagues 
as a yellowish interlacing network of oval-shaped or roundish 
lesions, with a diameter of 125–250 mm, which were seen in 
red-free fundus photography and infrared scanning-laser oph-
thalmoscopy [27]. RPD have been associated with a higher 
likelihood of developing neovascular AMD and GA [28, 29]. 
RPD have been associated with choroidal vascular abnormal-
ities such as the loss of the inner and middle layers of the 
choroid, subsequently leading to fibrous replacement of cho-
roidal stroma [30]. On SS-OCT they are seen as subretinal 
accumulation of material typically forming sharp peaks or 
broader, rounder elevations (see Fig. 7.4) [31].

Fig. 7.3  Cuticular drusen. As is the case with typical drusen, these 
drusen are located beneath the RPE. Cuticular drusen are thought to 
damage the RPE cells as a result of steep protrusion of drusen into it. 
These damaged sites exhibit window defects. In typical cases, small, 
steep protrusions in the RPE known, as “sawtooth,” are visible on 
SS-OCT

Fig. 7.4  SS-OCT B-scan of a patient showing reticular pseudodrusen 
(RPD). RPD are seen as triangular highly reflective deposits on the api-
cal side of RPE, which differs from typical drusen location. RPD are a 
risk factor of progression to late AMD and for the development of reti-
nal angiomatous proliferation
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7.2.3	 �Pigment Epithelium Detachment (PED)

Pigment epithelium detachment (PED) may appear in the 
absence of clinically or angiographically detectable 
CNV. They can be well-defined and contain only serous mate-
rial. OCT imaging shows a clear detachment between Bruch’s 
membrane and the RPE, creating an optically empty space. It 
may also reveal neurosensory retinal detachments that do not 
necessarily mean there is a CNV present (see Fig. 7.5) [32]. 
On the other hand, patients may show PED of reflective con-

tents as soft drusen coalesce and grow, forming drusenoid 
PED. Type I CNV typically grow below the RPE and can lead 
to a clear detachment between RPE and Bruch’s membrane of 
irregular hyperreflective content representing fibrovascular 
tissue (see Fig. 7.6). RPE tears can develop between detached 
and attached RPE if tangential forces are strong enough. They 
may appear spontaneously or after laser photocoagulation, 
photodynamic therapy, or anti-VEGF (vascular endothelial 
growth factor) intravitreal injections. Age and size of the PED 
are risk factors for presenting a RPE tear (see Fig. 7.7).

Fig. 7.5  Serous pigment epithelium detachment. The contents of the 
PED are optically empty and no CNV reflectivity is appreciated. The 
presence of subretinal fluid (blue arrows) is not necessarily linked to 
the existence of choroidal neovascularization

a

b

Fig. 7.6  SS-OCT B-scan of a patient showing a massive fibrovascular 
PED. Bruch’s membrane can be clearly seen (red arrows). Migrating 
RPE cells are seen within the sensory retina (yellow arrow) (a). 
Subretinal fluid is a frequent finding in the context of fibrovascular PED 
(blue arrow) (b)

a

b

Fig. 7.7  When tangential forces are strong enough, the RPE can suffer 
a tear (red arrows), leading to a neovascular growth over it and under 
the neurosensory retina, and visual acuity loss. RPE tear and subretinal 
fluid (green arrow) (a). RPE tear with intraretinal fluid (blue circle) (b)
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7.3	 �Late AMD

7.3.1	 �Neovascular AMD

Neovascular AMD is defined by the presence of a choroid 
neovascularization leading to hemorrhagic or serous compli-
cations for patients suffering from this disease. It was classi-
cally subcategorized based on fluorescein angiography 
findings in the original classification by Donald Gass [33], but 
the advent of new technologies like spectral domain OCT 
(SD-OCT) led Freund and colleagues to propose a new clas-
sification of neovascular AMD based on the location of the 
CNV in relation to the RPE [34]. The subtype of CNV and its 
nature are key factors to therapeutic decisions, response, and 
visual prognosis [22, 34].

7.3.1.1	 �Type 1
In Type 1, CNV are located underneath the RPE without 
infiltration of the subretinal space. This kind of CNV was 
previously classified as occult under Gass’ system (see Fig. 
7.8). Theories state its pathogenesis is based on a compensa-
tory response to the hypoxia suffered by the external neuro-
sensory retina, inducing pathological modifications and 

increasing the size of choroidal vessels [35]. If this is true, 
destroying theses CNV complexes could be potentially 
harmful to an already compromised retina leading to RPE 
atrophies and VA loss. Type 1 CNV shows better visual 
prognosis than other types of CNV. Maduration of choroid 
vessels forming the CNV may lead to the appearance of pol-
ypoidal dilations leading to polypoidal choroidal vasculopa-
thy (PCV) (see Fig. 7.9) [36].

7.3.1.2	 �Type 2
In Type 2, the CNV complex is located above the RPE in the 
subretinal space. It matches the previously classified classic 
CNVs (see Fig. 7.10). Type 2 CNV damages the RPE and 
alters the ellipsoid line, so the loss of the external blood-
retinal barrier leads to much more frequent recurrence. On 
the other hand, they show better response to treatment. It is 
the most common type of CNV in patients with fewer dif-
fuse lesions of the RPE and more focused on the macula like 
pathological myopia, lacquer cracks, and inner punctate 
choroidopathy. SS-OCT images may show spirals or tubula-
tions of the external retina (see Fig. 7.11). Tubulations are 
structures encircled by a moderately reflective ring first 
described by Freund et al. in adjacent areas to atrophic ret-
ina, between the CNV and outer plexiform layer.

a

b

Fig. 7.8  SS-OCT of the left eye of a patient suffering from type 1 cho-
roidal neovascularization. CNV is confined to the space between RPE 
and Bruch’s membrane and B-scans reveal an RPE elevation showing 
hyperreflectivity of the subretinal space due to exudation and hemor-
rhage, along with intraretinal cysts (green circles). Thanks to its deeper 
penetration, this device allows a clear visualization of Bruch’s mem-
brane (a straight, highly reflective line indicated by red arrow) despite 
the high density of the CNV tissue (a). B-scan of left eye of another 
patient showing a type 1 CNV that exhibits moderate reflectivity and is 
located below the RPE (b)

a

b

Fig. 7.9  SS-OCT B-scan of the left eye of a patient diagnosed of pol-
ypoidal choroidal vasculopathy. Note the polypoidal lesion nasally to 
the fovea (red circle), detaching RPE and Bruch’s membrane. A double 
layer sign describes the parallel appearance of the detached RPE line 
and this bold line derived from the complex. These kinds of lesions 
induce the appearance of neurosensory retinal detachments due to the 
accumulation of subretinal fluid (blue arrow) (a). Moderately reflective 
contents suggest the presence of fibrovascular tissue (orange circle) (b)
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7.3.1.3	 �Type 3
Late-stage CNVs tend to form retinal-choroidal anastomosis 
(RCA) as choroidal vessels penetrate the retina and commu-
nicate with retinal circulation [37, 38]. This process also 
takes place the other way around in some patients with 
AMD, where retinal capillaries grow deep through the retina 
and connect with choroidal circulation, forming a CNV com-
plex that Yannuzzi et al. called “retinal angiomatous prolif-
eration” (RAP), which is typically extrafoveal [39] 
(Fig. 7.12). It is usually bilateral and appears in areas with 
photoreceptor damage, so VA response to treatment may not 
be good. As these lesions evolve, they become more resistant 
to intravitreal treatments.

a

b

Fig. 7.10  SS-OCT B-scan of a type 2 CNV. These lesions are located 
between the RPE and the neurosensory retina (red arrow). Intraretinal 
cysts (green circle), subretinal fluid (blue arrow) and fibrovascular RPE 
detachments (orange arrow) are also shown. Another case of type 2 
CNV, above the RPE (red arrow) (b). SS-OCT horizontal scan of the 
right eye: CME accompanied by a large foveal cystoid space (asterisk) 
exists over the entire macular area. The RPE line is seen over almost the 
entire length and appears flat on this scan. There are highly reflective 
clumps above the RPE, which are due to CNV and fibrin

a

b

Fig. 7.11  SS-OCT images may show spirals or tubulations of the 
external retina (a, red dashed circle). Tubulations are structures encir-
cled by a moderately reflective ring, first described by Freund et  al. 
[34], in adjacent areas to atrophic retina, between the CNV and outer 
plexiform layer (b)

Fig. 7.12  Retinal angiomatous proliferation. Typical tomographic 
findings include cystic macular edema (green circle), serous or fibro-
vascular PED (red arrow) and subretinal fluid (blue arrow). In some 
cases, intraretinal neovascularization can be seen as a focal hyperreflec-
tive spot (yellow arrow)
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7.3.2	 �Geographic Atrophy

Geographic atrophy (GA) is the term used to describe areas 
showing loss of RPE and choriocapillaris of at least 175 μm, 
which can follow pigment alterations, large drusen regression, 
RPE detachments, CNV, etc. It usually appears in the center of 
the macula. It is not uncommon to see choroid vessels through 

the atrophic RPE and retina. SS-OCT images of GA show 
findings such as loss of the RPE with the subsequent choroidal 
signal enhancement and atrophy of the sensory retina (see Fig. 
7.13). Chronic patients tend to show cystic changes of the 
retina, which should not be confused with exudation. Despite 
these findings, fundus autofluorescence (FAF) is the most use-
ful tool for follow-up with these patients.

a

b

Fig. 7.13  Examples of cases of geographic atrophy. RPE, external 
limiting membrane, and photoreceptors have completely disappeared in 
the atrophic area, with a clear reduction of the outer nuclear layer as 
well (a, close-up). As a result of the RPE defects, choroidal signal is 
enhanced (a, b, between blue arrows)
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Pathological Myopia

Atsushi Maeda, Takafumi Hirashima, and Hideyasu Oh

Pathologic myopia is one of the major causes of visual 
impairment worldwide, the prevalence of which has been 
reported to be about 1% of the population [1–5]. The 
visual loss is mainly caused by pathological structural 
changes, such as lacquer crack formation, posterior staph-
yloma, thinning of the retina, choroid and sclera, retinal 
schisis, deformation of the optic disc area, and choroidal 

neovascularization (CNV) [6–9]. Optical coherence 
tomography (OCT) is very efficient in non-invasive detec-
tion of these myopic lesions. The newer generation of 
OCT, swept source OCT (SS-OCT), has an increased 
depth of imaging and also a higher speed of scanning, 
which has made it one of the most useful imaging devices 
for characterizing pathologic myopia [10–12].
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8.1	 �Posterior Staphyloma

Staphyloma is a local deviation in curvature of the posterior 
portion of the eyeball in highly myopic cases [13]. The 
staphylomas were classified into ten different types, mainly 
by way of slit-lamp biomicroscopy [14], which has been 
newly classified into six types by way of both wide-field 

fundus imaging and 3D–MRI [15]: (1) wide macular staphy-
loma; (2) narrow macular staphyloma; (3) peripapillary 
staphyloma (4) nasal staphyloma; (5) inferior staphyloma; 
and (6) other types of staphyloma. The OCT features of 
staphyloma are an excessive curve and tilt of the retina and a 
thinning of the choroid (Fig. 8.1).

a

b

c

Fig. 8.1  (a) Image of wide macular staphyloma in high myopia by 
spectral-domain OCT. The chorioretinal curvature is not well-
delineated. (b) Image of wide macular staphyloma from the same 
patient as (a) by swept source OCT. The whole posterior pole area 
is documented and the central fovea is on the slope (arrowhead). 
The detail structure of the thin choroid is also visualized well 
(arrows). (c) SS-OCT image of inferior staphyloma. Note that the 
central fovea is at the upper edge of staphyloma (arrowhead) and 
the ellipsoid zone line is disrupted
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8.2	 �Myopic Traction Maculopathy

Myopic traction maculopathy (MTM), including retinal 
schisis (RS) and macular hole retinal detachment (MHRD), 
is a pathologic myopia-related complication caused by some 
mechanisms with traction as a common pathway. The diag-
nosis of MTM by slit-lamp biomicroscopy was very difficult 
[16, 17]. The introduction of OCT enables one to detect the 
specific structural features of MTM in detail [6, 16, 18].

8.2.1	 �Retinal Schisis

Retinal Schisis, also called myopic foveoschisis, is one of 
the pathological conditions of MTM and is estimated to 
affect between 9 and 34% of highly myopic eyes with 
posterior staphyloma [6, 18, 19]. The SS-OCT findings of 
RS include foveal detachment, lamellar macular holes, 
macular epiretinal membrane, and vitreoretinal traction 
(Fig. 8.2).

Fig. 8.2  (a) SS-OCT image shows outer retinal schisis (asterisks) and 
vitreoretinal traction (arrowheads). (b) Preoperative SS-OCT image 
shows outer retinal schisis (arrows), waving of the outer retina (arrow-
heads), and foveal detachment with a macular hole. The retinal pigment 
epithelium layer could not be included due to the excessive height of 
retinal detachment (asterisk). (c) SS-OCT image at 1 month after vit-
rectomy with inverted ILM flap technique shows reattachment of the 

retina. Note that a thin tissue is observed in the foveal center and thus 
the macular hole is closed (arrowhead). (d) Preoperative SS-OCT 
image shows a full thickness macular hole (arrowhead) with an epireti-
nal membrane, retinal schisis (arrow) and retinal detachment. (e) 
SS-OCT image at 2 years after vitrectomy with conventional ILM peel-
ing shows reattachment of the retina (arrowhead). An ellipsoid zone at 
central fovea is visible (arrowhead)

a

b

c
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8.2.2	 �Macular Hole Retinal Detachment

Macular hole retinal detachment is considered to be the final 
stage of progressive MTM.  MHRD occurs almost exclu-
sively in high myopes and causes severe visual impairments. 
The main causative factors of MHRD are both anteroposte-
rior and tangential tractions in the macula area, which is 
potentially accelerated by the progression of posterior staph-
yloma [18, 20].

Vitrectomy with gas endotamponade is currently the first-
line treatment [21]. Various techniques, such as using silicon 
oil tamponade, laser around macular hole (MH), internal 
limiting membrane (ILM) peeling, and inverted ILM flap 
technique, have been reported [22, 23]. Some studies have 
shown better anatomic results with ILM peeling since this 
guarantees complete removal of epiretinal tractions and a 
more flexible retina [24, 25]. However, the success rate of 
surgery for MHRD is lower than that of conventional rheg-
matogenous retinal detachment, and revisions are sometimes 
required [22] (Fig. 8.2).

d

e

Fig. 8.2  (continued)

A. Maeda et al.



69

8.3	 �Choroidal Neovascularization

Myopic CNV often causes severe visual impairment [26]. 
Myopic CNV is sometimes associated with subretinal dark 
pigment migration or hemorrhage and develops into chorio-
retinal atrophy [27]. It has been reported that 13% of eyes 
with lacquer cracks develop myopic CNV, and the high 

myopic eyes with lacquer cracks have less choroidal thick-
ness than those without lacquer cracks [8, 28]. Similarly, 
high myopic eyes with CNV might have less choroidal thick-
ness than those without CNV [29]. Intravitreal anti-VEGF 
therapy is widely accepted as a first-line treatment of myopic 
CNV, and recent studies have demonstrated beneficial visual 
outcomes (Fig. 8.3) [30–32].

a

b c

Fig. 8.3  (a) Fluorescent fundus angiography of myopic CNV.  The 
leakage is observed at the site of the disruption of retinal pigment epi-
thelium documented in (b). (b) SS-OCT image shows the subretinal 
fluid (asterisk), subretinal hemorrhage, disruption of retinal pigment 

epithelium (arrowhead), and the thin choroidal thickness (arrow). 
(c) SS-OCT image at 1 month after intravitreal ranibizumab injection 
shows the regression of CNV and resolution of subretinal fluid
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8.4	 �Intrachoroidal Cavitation

Intrachoroidal cavitation (ICC) is a yellow-orange peripapil-
lary area at the inferior border of the myopic conus. Prior to 
the introduction of OCT, this lesion was described as a peri-
papillary detachment in pathologic myopia (PDPM) [33]. 
The main OCT feature of ICC is a large intrachoroidal hypo-
reflective space (Fig. 8.4) [34].

8.5	 �Dome-Shaped Macula

Dome-shaped macula (DSM) is first described as an anterior 
protrusion of the macula in high myopia with posterior 
staphyloma [35]. DSM sometimes can cause visual impair-
ment due to associated myopic CNV or serous macular 
detachment (Fig. 8.5) [36].

Fig. 8.4  A large intrachoroidal hyporeflective space is observed adja-
cent to the optic nerve (arrowheads)

Fig. 8.5  SS-OCT image shows an anterior protrusion of the macula 
with posterior staphyloma (arrows). The sclera is observed as a highly 
reflective tissue (arrows) outside of the very thin choroid. The fibers of 
Tenon’s capsule are also well observed (arrowheads)
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Vitreomacular Traction Syndrome

Zofia Michalewska and Jerzy Nawrocki

Swept source OCT (SS-OCT) seems to be an ideal tool to 
evaluate vitreomacular traction (VMT) syndrome as it 
enables simultaneous visualization of the vitreous, retina, 
and choroid on wide-field 12 mm scans.

9.1	 �Classification of VMT

Idiopathic VMT syndrome was previously described by 
Gass as a foveaolar yellow spot or ring, loss of foveal depres-
sion without vitreofoveal separation.

Some authors have also suggested that focal vitreomacu-
lar traction (<1500 μm) is more likely to spontaneously 
detach than broad attachment (>1500 μm) (Fig. 9.1) [1]. 
Those eyes are also more likely to develop greater postopera-
tive visual improvement [2].

Bottós et al. classified incomplete detachment of vitreo-
macular traction as either V-shaped or J-shaped (Fig. 9.1). A 
high correlation was found between V-shaped and focal vit-
reomacular traction and between broad and J-shaped vitreo-
macular traction [3].

Eyes with V-shaped focal attachment are more likely to 
develop macular edema, full thickness macular hole, and 
fovea detachment. On the other hand, epiretinal membranes 
more often coexisted with broad, J-shaped adhesions.

Recently the vitreomacular traction study group differen-
tiated vitreomacular adhesion from vitreomacular traction 
syndrome. Vitreomacular adhesion does not present mor-
phologic changes in the retina (Fig. 9.2).
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a
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d

Fig. 9.2  (a, b) Vitreomacular adhesion in an 80-year-old woman. (a) 
Fovea contour and retina morphology is undisturbed. The outer cho-
roidoscleral boundary is regular. Visual acuity is 1.0 Snellen. (b) One 
year later, vitreomacular adhesion in the same patient. Slight elevation 
of the fovea contour is visible. Visual acuity is unchanged, 1.0 Snellen. 
(c, d) Vitreomacular traction syndrome in a 79-year-old woman. (c) 
Focal vitreomacular traction with elevation of the fovea contour. 

Cystoid spaces in the inner retinal layers are visible. Slight elevation of 
the photoreceptor layer and external limiting membrane may be 
observed. Nuclear and plexiform layers are elevated. The outer cho-
roidoscleral boundary is irregular. Visual acuity is 0.5 Snellen. (d) 
Vitreomacular traction in the same patient eight months later. The cys-
toid spaces regrouped into one large space. None of the retinal layers 
are now elevated. Visual acuity decreased to 0.3 Snellen

a

b

Fig. 9.1  (a), Focal idiopathic vit-
reomacular traction. V-shaped. (b) 
Broad vitreomacular traction in a 
patient with non-proliferative dia-
betic retinopathy. J-shaped
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9.2	 �Clinical Appearance

Three-dimensional scanning enhances our knowledge of vit-
reomacular traction syndrome (Figs. 9.3, 9.4, and 9.5). 
SS-OCT enables simultaneous high quality three-
dimensional visualization of the vitreous, retina, and cho-
roid. Vitreomacular traction should always be regarded as a 
three-dimensional disease. Many adhesion points between 
the vitreous and retina exist, besides that seen in the foveola 
on the central B-scan. The adhesion between retina and vitre-
ous is usually strongest 1500 μm around the fovea [4], at the 
optic nerve, and along retinal vessels. Three-dimensional 
imaging might thus facilitate surgical planning, as it reveals 
multiple traction sites besides the fovea. In the natural course 
of the disease it is possible that the central traction is relieved, 
but it persists in the proximity to retinal vessels.

Many morphological changes of the fovea might be 
observed in SS-OCT. Cystoid spaces in the inner retinal lay-
ers are visible in most eyes (Fig. 9.1a [star]). The photore-
ceptor layer and external limiting membrane might remain 
intact in the presence of an inner cystoid space despite 

existing traction. Thus inner cystoid spaces are not always 
symptomatic. They might progress over time. If multiple 
cystoid spaces are present in the inner retinal layers, they 
tend to group into one larger cystoid space (Fig. 9.2c, d). 
Less frequent, outer retina cystoid spaces may be visible 
(Fig. 9.6, upper left [star]). If an elevation of the photorecep-
tor layer coexists with an outer lamellar macular hole, it is 
highly probable that this appearance will progress to full 
thickness macular hole (Fig. 9.6) [5]. If vitreomacular trac-
tion is released (spontaneously or after treatment), cystoid 
spaces decrease in size and later disappear (Fig. 9.7).

Epiretinal membranes might coexist with vitreomacular 
traction syndrome in about 25–83% of eyes (Fig. 9.7) [1, 6, 7]. 
Spontaneous resolution of eyes with coexisting epiretinal 
membranes and vitreomacular traction syndrome is less 
likely, but possible in very rare cases.

Photoreceptor and external limiting membrane defects 
develop during follow-up of vitreomacular traction syn-
drome in more than 60% of cases (Fig. 11.1b) [1]. They are 
associated with decreased visual acuity and 
metamorphopsia.

a

b

Fig. 9.3  (a) Focal vitreomacular traction on SS-OCT. Visual acuity is 
0.15. (b) Three-dimensional image of the same patient. Multiple adhe-
sion points between the vitreous and fovea are visible
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Fig. 9.4  Three-dimensional imaging of vitreomacular traction syndrome
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a

b

c

d

e

f

Fig. 9.5  (a) B-scan of focal vitreoretinal traction syndrome. Visual 
acuity is 0.16. (b) Three-dimensional SS-OCT scan. Multiple traction 
sites are visible. (c) Cross-section through the fovea in the three-
dimensional scan. Traction on the fovea and optic nerve is visible. (d) 

B-scan shows normalization of the fovea contour 6 months after sur-
gery. Visual acuity is 0.8. (e) Three-dimensional SS-OCT without any 
visible traction after surgery. (f) Cross-section through the fovea in the 
three-dimensional scan after surgery
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Fig. 9.6  Vitreomacular 
traction syndrome 
progressing to a full thickness 
macular hole. The B-scans, 
shown on the left, and 
three-dimensional scans, on 
the right, were taken at 
monthly intervals from 
October 2013 to March 2014. 
Visual acuity decreased from 
0.4 to 0.2 Snellen in the 
course of this disease

Z. Michalewska and J. Nawrocki



79

Fig. 9.6  (continued)

a

b

c

Fig. 9.7  Vitreomacular traction 
syndrome with epiretinal mem-
brane in a 78-year-old woman. (a) 
Before surgery. Visual acuity is 0.2 
Snellen. (b) One month after sur-
gery. Visual acuity is 0.2 Snellen. 
(c) Eighteen months after surgery. 
Fovea contour and retina layers 
completely normalized. Visual 
acuity improved to 0.32 Snellen
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9.3	 �The Natural Course of Idiopathic VMT

There are only a few studies describing the natural course of 
vitreomacular traction. In our series of 130 eyes observed for 
24 months, only 20 required surgery (Michalewska et  al. 
unpublished data). Most eyes resolve spontaneously with 
good final visual acuity (Fig. 9.8). In some cases, however, 
vitreomacular traction may be a very dynamic disease and 
may lead to development of full thickness macular holes 
(Figs. 9.6 and 11.1), lamellar macular holes or epiretinal 
membranes.

Earlier spectral domain OCT (SD-OCT) studies reported 
that spontaneous resolution of vitreomacular traction is more 
probable in eyes with a smaller adhesion area between the 
vitreous and retina.

We confirmed with multivariate analysis (Michalewska 
et  al. unpublished data) that two factors are independently 
associated with progression or resolution of vitreomacular 
traction syndrome: phacoemulsification (p = 0.02) and 
observation time (p = 0.03). Unfortunately, it is impossible to 
predict which vitreomacular traction will progress and which 
will resolve spontaneously. The only described morphologi-
cal criterion of progression is the elevation of the photore-
ceptor layer. If such an elevation exists, it is highly probable 
that a full-thickness macular hole will develop [5].

Choroidal thickness measurements are possible with 
SS-OCT. In a group of 27 eyes evaluated for 24 months with 
SS-OCT we confirmed that choroidal thickness decreases in 
eyes in which vitreomacular traction is spontaneously 
relieved (Michalewska et al. unpublished data).

a

b

Fig. 9.8  (a) Vitreomacular trac-
tion syndrome in a 64-year-old 
woman. Visual acuity is 0.8. 
Suprachoroidal layer is visible. (b) 
Spontaneous release of traction. 
Visual acuity is 0.8. Suprachoroidal 
layer remained visible
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9.4	 �Treatment

Symptomatic vitreomacular traction may be treated with 
either intravitreal injection of gas, ocriplasmin, or vitrectomy 
(Figs. 9.7 and 9.9). Vitreomacular adhesion resolves in about 
one-quarter of ocriplasmin-treated eyes [8], which makes this 
technique less efficient than vitrectomy. Even if injections are 
considered to be less invasive than surgery, about 68% of 
ocriplasmin-treated patients developed minor adverse events, 
such as conjunctival hemorrhage or floaters. A small case 
series reported release of traction in about 55% of cases after 
intrevitreal gas injection [9]. The lack of randomized studies 
on this topic make specific treatment recommendations diffi-
cult. Earlier SD-OCT studies reported that the outer foveal 
thickness (the distance between the external limiting mem-
brane and the retinal pigment epithelium) is the sole factor 
confirmed by multivariate analysis to be correlated with 
visual acuity 12 months after surgery for vitreomacular trac-
tion syndrome [10]. The exact timing for treatment still 
remains a topic of controversy. It must be taken into consider-
ation that according to recent reports, three years after vitrec-
tomy only about 30% of patients have experienced full 
restoration of the IS/OS junction [11], whereas just 1 year 
after vitrectomy for full-thickness macular hole, full restora-
tion occurred in 70% of cases [12]. This is perhaps surprising, 
as most would assume vitreomacular traction as a less severe 
disease than an impending macular hole (Figs. 9.7 and 9.9).

Another vitreomacular interface disease in which we do 
not achieve full normalization of the fovea morphology is 

idiopathic epiretinal membrane. The histopathology of epireti-
nal membranes and vitreomacular traction is similar. In both 
entities, fibrous astrocytes, myofibroblasts, and fibrocytes 
have been observed [13–17]. Assuming that epiretinal mem-
branes occur mostly in eyes with posterior hyaloid detach-
ment, Koizumi and coworkers hypothesized that hyperreflective 
placoid areas noted in vitreomacular traction syndrome may 
represent fibrocellular proliferation extending the posterior 
vitreous. It was also previously reported that posterior vitreous 
detachment creates dehiscence in the internal limiting mem-
brane through which cells migrate and proliferate on the reti-
nal surface [18]. This may be additionally stimulated by 
vitreous cortical remnants [6, 19]. Summarizing, there seems 
to be a correlation between the development of vitreomacular 
traction syndrome and epiretinal membranes, which requires 
further study. These entities may also coexist (Fig. 9.7).

Owing to its increased wavelength, SS-OCT enables us to 
simultaneously visualize the vitreous, retina, and choroid. 
Below the choroid, the suprachoroidal layer is visible. The 
suprachoroidal layer is situated on the outer choroidoscleral 
boundary (CSB). It consists of two lines, the inner hyperre-
flective and an outer hyperreflective line corresponding to 
the suprachoroidal space [20]. Earlier reports suggest that 
the suprachoroidal layer is more often visible in vitreomacu-
lar traction syndrome than in other vitreoretinal interface dis-
eases [20–22] (Fig. 9.8 [box]). The meaning of this finding is 
still not completely clear. Probably, dynamic prolonged trac-
tion exerts some forces through the retina onto the choroid 
and broadens the suprachoroidal space slightly.

a

b

c

Fig. 9.9  (a) Vitreomacular traction syndrome with focal neurosensory 
retinal detachment. (b) SS-OCT after vitrectomy. Defect in the outer 
retinal layers is visible. (c) Six months after surgery. Retina is attached, 
but defects in the photoreceptor layer are still visible
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9.5	 �Swept Source OCT Angiography

Swept Source OCT Angiography (SS-OCTA) is a technique 
that derived from en face optical coherence tomography. A 
detailed assessment of the retinal and choroidal circulation is 
achievable with this method. Moving objects, i.e., erythrocytes, 
are hyperreflective in SS-OCTA images, while non-moving 
objects are hyporeflective. This enables the visualization of 
retinal vessels with persistent flow. As this technique is derived 
from SS-OCT, it is possible to observe flow at different levels 
and in all retinal and choroidal layers. Retinal vessels are local-
ized at two levels. The superficial plexus is localized at the level 
of the retinal nerve fiber layer and is also possible to visualize 
with fluorescein angiography. The deep retinal plexus is local-
ized at the level of the outer plexiform layer, and could not be 
identified before the era of SS-OCTA.

Superficial retinal vessels in idiopathic vitreomacular 
traction syndrome are unchanged (Fig. 9.10, top left). 
However, in the deep retinal plexus the flow may seem 
altered (Fig. 9.11, top middle left) when compared to a 
healthy eye (Fig. 9.12). We note that in the deep retinal 
plexus, the fovea avascular zone is slightly irregular and 
wider when compared to a healthy eye. Additionally, deep 
retinal vessels seem more irregular.

The status of retinal vessels, especially in the deep reti-
nal layers, depends on the severity of VMT. If the pathol-

ogy is moderate and traction does not cause substantial 
changes in the fovea morphology, layer segmentation is 
correct in SS-OCTA and particular retinal layers do not 
differ much from a healthy subject. If, however, traction 
severely distorts the foveola, causing an outer macular 
hole, artifacts are visible (Fig. 9.11). If an outer lamellar 
macular hole is present, we observe a hyperreflective cir-
cle at the level of the choriocapillaries. This circle is an 
artifact. The laser beam in optical coherence tomography 
is partially reflected and partially scattered by tissue. If, 
as in the example of an outer lamellar macular hole, there 
is a lack of tissue, more laser light arrives to the center of 
the foveola at the level of the choriocapillaries, and there-
fore more light is reflected back to the sensor; the resul-
tant “brightness” is an artifact and does not, in this 
instance, correspond to increased flow. An additional 
explanation on how such artifacts are created is provided 
in Chapter 11.

Vitreomacular traction may be idiopathic or coexist with 
multiple retinal diseases, such as choroidal neovasculariza-
tion, macular edema in diabetes, or vein occlusion, etc. 
SS-OCTA without dye might enable us to make a precise 
diagnosis in those difficult cases. In Fig. 9.13 we notice the 
development of choroidal neovascularization. The 
neovascular membrane is presented at the level of the nor-
mally avascular retinal pigment epithelium.

Fig. 9.10  SS-OCTA of an eye with idiopathic vitreomacular traction. 
The orange box (Angiography [Superficial]) shows the superficial reti-
nal vessels. The green box (Angiography [Deep]) shows the deep reti-
nal plexus. Vessels are less packed than in a healthy eye. The foveal 
avascular zone seems slightly enlarged when compared to a healthy 

eye. The light blue box (Angiography [Outer retina]) shows the avascu-
lar zone. The dark blue box (Angiography [Choriocapillaris]) shows 
the Choriocapillaries. Lower middle (Composite Angiography)- 
SS-OCTA with all layers distinguished by particular colors in one 
image. Lower right, Fundus photo
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Fig. 9.11  SS-OCTA of an eye with idiopathic vitreomacular traction. 
Orange box, superficial retinal vessels. Green box, deep retinal plexus, 
vessels are less packed than in a healthy eye. The foveal avascular zone 

seems slightly enlarged when compared to a healthy eye. Light Blue 
box, avascular zone. Dark blue box, Choriocapillaries

Fig. 9.12  SS-OCTA of a healthy eye. Orange box, superficial retinal 
vessels. Green box, deep retinal plexus. Light blue box, avascular zone. 
Dark blue box, Choriocapillaries. Lower left, SS-OCT B-Scan. Lower 

middle (Composite Angiography), SS-OCTA with all layers distin-
guished by particular colors in one image. Lower right, Fundus photo
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Fig. 9.13  SS-OCTA of an eye with vitreomacular traction and central 
neovascularization. Orange box, superficial retinal vessels. Green box, 
deep retinal plexus. Light blue box, avascular zone. Pathological vessels 
are visible. Dark blue box, Choriocapillaries, pathological vessels are 

visible in this case. Lower left, The SS-OCT B-Scan shows the VMT 
and subretinal neovascular membrane. Lower middle (Composite 
Angiography), SS-OCTA with all layers distinguished by particular col-
ors in one image. Lower right, Fundus photo
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Epiretinal Membranes

Zofia Michalewska and Jerzy Nawrocki

Epiretinal membranes are thin fibrovascular structures local-
ized at the inner retinal surface.

Studies based in Spectral Domain OCT (SD-OCT) report 
a much higher frequency of epiretinal membranes in the pop-
ulation than earlier fundus photography based studies (34% 
vs. 10.9%) [1, 2].

Most early idiopathic epiretinal membranes stay asymp-
tomatic. In the course of the disease, metamorphopsia, 
micropsia, and decreased visual acuity are noted. Progression 
of the disease is very slow, about one or two Snellen lines 
every 5 years [3].

10.1	 �Classification

Before the OCT era, epiretinal membranes were classified 
during the fundus examination according to retinal wrinkling 
(Table 10.1). In OCT, an epiretinal membrane may be visual-
ized either as a thin hyperreflective structure situated inner to 
the internal limiting membrane (ILM) and visibly separated 
from it (typical membranes, tractional membranes), or as a 
hyperreflective line with a moderately reflective structure 
filling the space between the line and retinal nerve fiber layer 

(atypical membranes, dense membranes, thickened mem-
branes, lamellar hole-associated epiretinal proliferation) 
(Fig. 10.1) [4–6]. Atypical membranes were reported to cor-
respond to thickened posterior hyaloid with embedded 
epiretinal cells [7]. Immunohistological studies suggested 
atypical membranes (mostly negative for alpha-smooth mus-
cle protein) produce less tractional forces on the retina than 
typical, tractional membranes. However, the natural history 
is similar in both appearances of epiretinal membranes [8].

In epiretinal membrane cases, we recently confirmed that 
a preoperative decrease in visual acuity is associated with 
progressing deformation of the plexiform layers (Fig. 10.2) 
[9]. Photoreceptor defects and central retinal thickness were 
also confirmed by many studies to be associated with visual 
acuity, but their progression during the follow up was not 
often observed.

Epiretinal membranes may either precisely adhere to the 
inner retinal layers (Fig. 10.3a) or have many junction spots 
(Fig. 10.3b). It was proposed that in eyes in which there are 
many adhesion spots between the epiretinal membrane and 
retina, the epiretinal membrane may be easier to peel [10]. 
All data acquired with SD-OCT have been confirmed with 
Swept Source OCT (SS-OCT).
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Table 10.1  ERM and macular hole classification guides

Gass classification of ERM Grade 0: Cellophane Maculopathy-translucent with no distortion of retina; 
cellophane light reflex
Grade 1: Crinkled Cellophane Maculopathy-irregular retinal folds and light 
reflex, radiating retinal folds; visual acuity >20/40, ±metamorphopsia, 
insidious onset
Grade 2: Macular Pucker-grayish membrane; marked retinal crinkling and 
puckering of macula; PVD in 90%; may see edema, retinal heme, CWS, 
SRD, and leakage viewed by FA; VA 20/200 or less, insidious to sudden 
onset, usually with metamorphopsia

OCT classification of ERM (Fig. 10.1) Typical membranes (tractional membranes): In OCT thin hyperreflective 
structure situated inner to the internal limiting membrane and visibly 
separated from it
Atypical membranes (dense membranes, thickened membranes, lamellar 
hole–associated epiretinal proliferation): in OCT hyperreflective line and 
moderately reflective structure filling the space between the line and retinal 
nerve fiber layer

Etiopathogenetic classification of ERM and non-full-thickness 
macular holes

Idiopathic (Figs. 10.5 and 10.6)
Secondary (vascular diseases, retinal detachment, age related macular 
degeneration) (Fig. 10.7)

Morphologic classification of non-full-thickness macular holes 
SD-OCT (Fig. 10.5)

Macular pseudoholes
Paralamellar macular holes
Pseudoholes with a lamellar defect
Lamellar macular holes

CWS cotton wool spot, ERM epiretinal membranes, FA fluorescein angiography, PVD posterior vitreous detachment, OCT optical coherence 
tomography, SRD serous retinal detachment, SD-OCT spectral domain optical coherence tomography, VA visual acuity

a

b
Fig. 10.1  (a) Typical: tractional 
epiretinal membrane (thin 
hyperreflective structure situated 
inner to the internal limiting 
membrane and visibly separated 
from it (arrow). (b) Atypical: 
dense epiretinal membrane 
(hyperreflective line and 
moderately reflective structure 
filling the space between the line 
and retinal nerve fiber layer 
[arrow])
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a

b

Fig. 10.2  Epiretinal membranes 
in a 67-year-old woman. (a) 
Initial visit. Visual acuity is 1.0 
Snellen. An epiretinal membrane 
is visible. Slight deformation of 
the outer plexiform layer in the 
form of hyperreflective striae is 
visible (arrow). (b) One year 
later. Visual acuity is 0.5 Snellen. 
No new photoreceptor defects 
were noted. The outer plexiform 
layer is wavy (arrow)

a

b

Fig. 10.3  (a) Epiretinal 
membrane with multiple adhesion 
spots to the retina (black stars) in 
a 68-year-old man. Visual acuity 
was 0.15. His final visual acuity 
one year after phacoemulsifica-
tion combined with vitrectomy 
with epiretinal membranes 
removal and ILM peeling was 0.5. 
(b) Epiretinal membrane flat 
adhering to the retinal surface in a 
72-year-old man. Visual acuity 
0.1. His final visual acuity one 
year after phacoemulsification 
combined with vitrectomy with 
epiretinal membranes removal 
and ILM peeling was 0.3
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10.2	 �Epiretinal Membranes Alter 
the Choroid

SS-OCT enables simultaneous visualization of the vitreous, 
retina, and choroid, and therefore may add a lot to our under-
standing of the pathomechanism of visual acuity loss associ-
ated with the epiretinal membrane.

Choroidal thickness has a very high intra-individual vari-
ability. It decreases in glaucoma or in nicotine abuse, and 
with age and refractive error [11]. It also depends on sys-
temic vascular disease and caffeine or “energy drink” uptake. 
To make the measurements as reliable as possible, and thus 
useful for comparisons, they should be acquired at exactly 
the same time of the day. However, all choroidal thickness 
measurements should be evaluated very carefully. There is 
some primary data suggesting that choroidal thickness might 
slightly decrease three to 6 months after vitrectomy with 
ILM peeling for epiretinal membranes, which is not the case 
if vitrectomy is performed for other macular diseases [12]. 
The mechanism is not completely clear. It may be that cho-
roidal thickness is slightly increased in the presence of 
epiretinal membranes and returns to normal values after sur-
gery. It is not likely that vitrectomy causes choroidal thin-
ning, as it was not confirmed for other diseases such as 
macular holes [13]. Thinning is not progressive, and was 

observed only three to 6 months after surgery. It must be con-
sidered, however, that those changes are very subtle.

A new finding observed with SS-OCT is that it is possible 
to visualize two lines at the choroidoscleral boundary, an 
upper, hyperreflective line and a lower, hyporeflective line. 
Together, the lines delineate the suprachoroidal layer  
(Fig. 10.4) [14]. The suprachoroidal layer is approximately 
10–15 μm thick and is situated on the outer choroidoscleral 
boundary (CSB). It consists of five to ten layers of giant 
melanocytes interspersed between flattened processes of 
fibroblastic cells. As this layer was only recently recognized, 
little is known about its meaning. In idiopathic epiretinal 
membranes three factors were recognized, by multiple 
regression analysis, as being independently associated with 
the visibility of the suprachoroidal layer. First, this layer is 
more often visible in eyes with epiretinal membranes in 
which the outer plexiform layer forms waves on its outer sur-
face, when compared to eyes with solely hyperreflective 
striae at the outer surface of the outer plexiform layer (Fig. 
10.2). Second, it is associated with multiple adhesion points 
to the retina, and third, it correlates with central retinal thick-
ness before surgery [13]. This might suggest that the supra-
choroidal layer is more often visible in eyes with more 
prominent vitreoretinal traction and tangential traction 
between the epiretinal membrane and the retina.

Fig. 10.4  Suprachoroidal layer 
(SCL) and suprachoroidal space 
(SCS) (enlarged box) visible in an 
eye with idiopathic epiretinal 
membrane
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10.2.1	 �Epiretinal Membranes and Non-Full-
Thickness Macular Holes

Since epiretinal membranes are reported to be present in 
most, if not in all, cases of non-full-thickness macular holes, 
they also need to be mentioned in this chapter [7, 15]. Before 
and early in the history of OCT two types of non-full-
thickness macular holes were distinguished: macular pseu-
doholes (Fig. 10.5a) and lamellar macular holes (Fig. 10.6). 
Originally, lamellar macular holes were described by Gass, 
in 1975, as an abortive process of full-thickness macular 
hole-formation resulting from the de-roofing of cystoid mac-
ular edema, and macular pseudoholes were described as 
attributable to centripetal contraction of epiretinal mem-
branes [16]. New developments in retinal imaging enabled a 
new classification to be proposed (Table 10.1).

Therapeutical options and prognosis depend more on 
the etiopathogenesis than on the morphology of non-full-
thickness macular holes. Thus, in idiopathic cases, surgery 
may be considered, while in secondary cases it is contrain-
dicated, as the prognosis is poor. We have observed that 
macular pseudoholes may spontaneously develop to lamel-
lar macular holes, suggesting that both morphological 
types might be different forms of the same disease [17]. 
The higher resolution of SD-OCT has also enabled addi-
tional morphological variants of non-full-thickness macu-
lar holes to be distinguished: macular pseudoholes, 
paralamellar macular holes, pseudoholes with a lamellar 
defect and lamellar macular holes (Fig. 10.5). Vitrectomy 
is thus indicated in all morphological types of symptom-
atic idiopathic eyes with non-full-thickness macular holes. 
In idiopathic non-full-thickness macular holes, visual acu-
ity corresponds to photoreceptor defects and external lim-
iting membrane defects. Little data exist on the role of the 
choroid in non-full-thickness macular holes. Primary data 
suggest that the choroid is thinner in secondary epiretinal 
membranes when compared to idiopathic cases. In most 
healthy eyes, the outer choroidoscleral boundary is regular 
and follows the natural shape of the globe, whereas in 
many diseases of the fovea, this regularity is impaired. The 
frequency of irregular choroidoscleral boundary in non-
full-thickness macular holes differs from 25 to 90% 
between studies. Such irregularities of the outer choroido-
scleral boundary are also frequent in eyes with idiopathic 
epiretinal membrane without a non-full-thickness defect 

(Fig. 10.6) [14]. The irregularities might be due to the 
increased diameter of several choroidal vessels while oth-
ers remain unchanged or thinned [12].

Fig. 10.6  Irregular choroidoscleral boundary in lamellar macular hole 
with tractional epiretinal membrane (arrows)
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b
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d

Fig. 10.5  Morphologic classification of non-full-thickness macular 
holes. (a) Macular pseudohole. (b) Paralamellar macular hole. (c) 
Pseudohole with lamellar defect. (d) Lamellar macular hole
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10.2.2	 �Epiretinal Membranes and Non-Full-
Thickness Macular Holes Secondary 
to Retinal Diseases

Epiretinal membranes might be classified as either idiopathic 
or secondary to other retinal diseases, including vascular dis-
eases, neovascular age-related macular degeneration (AMD), 
diabetic retinopathy, and retinal detachment (Fig. 10.7).

In general, secondary cases of epiretinal membranes or 
non-full-thickness macular holes have a worse prognosis 
after vitrectomy when compared to idiopathic cases. Surgery 
might be performed in epiretinal membranes coexisting with 
vascular diseases, especially in tractional diabetic macular 
edema, or after retinal detachment surgery. However, visual 
acuity is often altered despite successful surgery because of 
the underlying disease.

Finally, epiretinal membranes may also coexist with other 
vitreoretinal interface diseases, such as macular holes or vit-
reomacular traction syndrome. They may also coexist with 
dry AMD.

a

b

c

Fig. 10.7  Epiretinal membranes secondary to different diseases. (a) 
Lamellar macular hole and atypical (dense) epiretinal membrane sec-
ondary to severe age-related macular degeneration. (b) Tractional 
epiretinal membrane secondary to central retinal vein occlusion. (c) 
Partial posterior hyaloid detachment and epiretinal membrane second-
ary to diabetic macular edema
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Fig. 10.8  SS-OCTA of an eye with epiretinal membrane. The orange 
box (angiography [superficial]) shows the superficial retinal vessels. 
The green box (angiography [deep]) shows the deep retinal plexus. 

Irregularities of deeper retinal vessels are visible. The light blue box 
(angiography [outer retina]) shows the avascular zone. The dark blue 
box (angiography [choriocapillaris]) shows the choriocapillaries

10.3	 �Swept Source OCT Angiography

Swept Source OCT Angiography (SS-OCTA) without dye is 
a novel, noninvasive technique that can present flow in retinal 
vessels. In eyes with epiretinal membranes, superficial ves-
sels are much more tortuous when compared to a normal ret-
ina. Although diagnostic tools such as fluorescein angiography 
had shown irregularities of the superficial retinal vessels in 
the presence of epiretinal membranes, it was not possible to 
image the deep vessels before the advent of OCTA.

We also observed in SS-OCTA that vessels of the deeper 
retinal plexus (Fig. 10.8) are not as regular as in a healthy eye 
(Fig. 10.9). As this technique presents flow and not the mor-
phology of retinal vessels, it might be extrapolated that blood 
flow in the deeper retinal plexus is disturbed in epiretinal 

membranes. This may correspond to SS-OCT findings that 
disturbances in the plexiform layers (Fig. 10.8, arrows) prog-
ress over time and are associated with a progressive decrease 
in visual acuity [7]. SS-OCT of epiretinal membranes sec-
ondary to vascular diseases, such as diabetic retinopathy with 
diabetic macular edema, present even more disturbances in 
blood flow (Fig. 10.10). Areas of reduced flow (hyporeflec-
tive areas) must be interpreted with caution. It must be con-
sidered that some of them are artifacts occurring due to 
erroneousness in the automatic layer segmentation.

Even if perfusion in the inner retinal plexus is good, some 
perfusion disturbances may occur in the deep retinal plexus 
(Fig. 10.11a). This perfusion deficit might even increase in 
the course of diabetes, even after successful removal of 
epiretinal membrane (Fig. 10.11b).

10  Epiretinal Membranes
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Fig. 10.10  SS-OCTA of epiretinal membrane secondary to diabetic macular edema. Cystoid spaces on SS-OCT correspond to spots of dimin-
ished visibility of deeper retinal vessels (green box)

Fig. 10.9  SS-OCTA of a healthy eye. Orange box: superficial retinal vessels. Green box: deep retinal plexus. Blue box: avascular zone. Dark blue 
box: Choriocapillaries
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a

b

Fig. 10.11  (a) Pre-surgical SS-OCTA in a patient with diabetic macu-
lar edema and epiretinal membrane. Reduced perfusion is visible in the 
deeper retinal plexus. Visual acuity 0.01 Snellen. (b) Post-surgical 

SS-OCTA of the same patient with diabetic macular edema and epireti-
nal membrane. The area of reduced perfusion has increased in the 
deeper retinal plexus. Visual acuity is 0.15 Snellen
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Swept Source OCT for Macular Hole 
Treated with the Inverted Internal 
Limiting Membrane Flap Technique

Jerzy Nawrocki and Zofia Michalewska

The inverted internal limiting membrane flap technique 
(hereafter flap technique) was first performed by the author 
of this chapter in 2006 (JN). After performing several proce-
dures and confirmation of good results, a comparative study 
was performed and presented at meetings of the European 
VitreoRetinal Society, the American Society of Retina 
Specialists, and the American Academy of Ophthalmology 
in 2009 and published by the authors of this chapter in 2010 
[1]. The initial technique was based on using trimmed inter-
nal limiting membrane (ILM) flaps connected to the margins 

of a macular hole to cover the macular hole. During the fol-
lowing years we stopped trimming the flaps and decided to 
peel the ILM only from the temporal side [2]. The technique 
is growing in popularity among retina surgeons worldwide, 
which is confirmed by the growing number of publications 
on that topic (2010: one; 2013: three, 2014: five, 2015: nine, 
and ten papers in the first half of 2016).

All of the images in this chapter were obtained using the 
commercially available Swept Source OCT devices from 
Topcon, Japan: DRI OCT-1 Atlantis and DRI OCT Triton.
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Fig. 11.1  SS-OCT images showing the sequence of macular hole for-
mation, (a) beginning with vitreomacular traction. (b) Evolution from 
vitreomacular traction to idiopathic macular hole by formation of intra-
retinal channel. Image obtained two months after image (a) and shows 
elevation of photoreceptors (white arrow). Patient was operated on two 

weeks later for full-thickness macular hole. (c) Three-dimensional 
image of macular hole formation. (d) Cystic spaces (white star) seen 
prior to the formation of an outer lamellar macular hole. (e) Appearance 
of outer lamellar macular hole (white hash), just preceding full-thickness 
macular hole formation. (f) Full-thickness macular hole in the same eye

11.1	 �Macular Hole Formation

Owing to its higher scanning speed, swept source OCT 
(SS-OCT) allows more details of retina tissue to be pre-
sented, which may play a role in treatment decisions. The 
aim of this chapter is to present details of SS-OCT images 
before and after treatment. An initial sign of macular hole 
formation in retina tissue, detected by SS-OCT, is an eleva-
tion of the photoreceptor layer from the pigment epithelium 
and the presence of traction (Fig. 11.1 a–c). This was 
described by our group in 2009 [3] and was confirmed by 
Takahashi in 2010 [4]. This may lead to the formation of an 
intraretinal cyst or intraretinal cystic spaces or the appear-
ance of outer lamellar macular hole (Fig. 11.1 d–f).

The formation of a macular hole may be adequately visu-
alized in three-dimensional mode. SS-OCT, due to its better 
resolution, enables us to present how the forces of traction 
are expressed by tissue connections; probably glial or neuro-
nal cells. However, even if we have high-resolution pictures 
from SS-OCT, we cannot adequately explain the image in 
Fig. 11.1 b and the three-dimensional image in Fig. 11.1c, 

where a channel in the center of the fovea is formed with 
still-intact ILM. Perhaps some aspects of the hydration the-
ory presented by Tornambe in 2003 may be considered to 
explain these images [5].

We also have very little information about the role of the 
choroid. Our group found that choroidal thickness did not 
change in any quadrant in eyes with full-thickness macular 
hole (FTMH) as compared with fellow eyes and healthy con-
trol (Fig. 11.2). However, in eyes with full-thickness macular 
holes, the lamina suprachoroidea was more often irregular 
and suprachoroidal space was more frequently visible when 
compared to healthy controls as previously described by 
Michalewska et al. [6]. Postoperatively the lamina supracho-
roidea has a tendency to become more regular.

The fact that changes in the outer choroidoscleral bound-
ary are more frequently observed in fellow eyes of FTMH 
than in healthy controls may indicate that the choroid has a 
role in FTMH etiopathogenesis. The normalization of the 
outer choroidoscleral boundary after vitrectomy may addi-
tionally indicate a role of the choroid in the healing process 
of FTMH [6].
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Fig. 11.2  (a) Swept source OCT of a macular hole before surgery (upper 
image) and after surgery (lower image). The white lines represent the regu-
larity of the choroidoscleral boundary (CSB). Ch choriocapillaries; HL 
Haller layer; SL Sattler layer. (b) Swept source OCT of a macular hole 
before surgery (upper image) and after surgery (lower image). The white 
arrows indicate an irregular outer choroidoscleral boundary. the irregulari-

ties remained after surgery. (c) The arrows indicate the suprachoroidal 
space in an eye with full-thickness macular hole before (upper image) and 
after (lower image) surgery. (d) Fellow eye of an eye with a full-thickness 
macular hole. Posterior hyaloid is partially detached but adheres to the 
optic nerve. Irregular fovea contour and Drusen are visible. The enlarged 
area presents suprachoroidal layer and suprachoroidal space

11  Swept Source OCT for Macular Hole Treated with the Inverted Internal Limiting Membrane Flap Technique
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11.1.1	 �Spontaneous Closure of Macular Holes

In very rare cases, the macular hole may close spontaneously 
without any surgery (Fig. 11.3). In these eyes, closure of 

macular hole begins at the inner layers of the retina. Our 
observations of these cases allow us to suggest that if the 
edges of macular hole are not completely smooth, spontane-
ous healing may occur [7].

a b

Fig. 11.3  (a) An SS-OCT scan from June 2015 and (b) SS-OCT scan from December 2015. No surgery was performed. Posterior hyaloid detachment 
is visible on both sides (arrows)
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11.1.2	 �Surgical Closure of Macular Holes

After surgery, the macular hole closes during the first day in 
about 55% of cases and in 65–75% within 48 hours [8, 9]. 
This has been presented with a specially prepared OCT 
device, which allows OCT scans to be performed whilst the 
patient remains in a prone position [8]. Kikushima demon-
strated that SS-OCT allows retina scans as early as 20 min 
after surgery in a gas-filled eye [9]. Because we perform the 
inverted ILM flap technique with an air tamponade in idio-
pathic macular hole cases, we can obtain good quality scans 
with the SS-OCT device after a few days. This is possible 
because air disappears quickly in the first days after surgery. 
We can observe U-type and V-type or irregular closure at the 
one-week follow-up visit. The best functional results are 
achieved with U-type closure [10]. Macular hole closure 
always begins in the inner retina layers (Fig. 11.4).

Interestingly, we may see at the one-week visit that macular 
hole is closed with ILM only (Fig. 11.4d). This may happen in 
15–30% of cases (Nawrocki, unpublished data). We would 
like to suggest that those holes would not close or would stay 
flat open if a traditional approach was performed. Flat open 
macular hole appearance is defined as edges of the hole being 
flat on the pigment epithelium while bare pigment epithelium 
is visible in the center of the fovea (Fig. 11.4e). In the past this 
was considered as macular hole closure, but in our opinion 
such cases should rather be considered as surgical failures 
because visual acuity shows no improvement in follow-up.

In 2008, using spectral domain OCT, our group described 
different retina structure pathologies after macular hole surgery 
[10]. The following retinal abnormalities were observed: pho-
toreceptor defect defined as linear lack of photoreceptors in the 
subfoveal area with normal retinal reflectivity; cysts in outer 
retinal layers; nerve fiber layer defect; elevation of all retinal 
layers in fovea; and retinal pigment epithelial defects. The 
study was performed after vitrectomy with ILM peeling and 
gas for idiopathic FTMH.  Even at that time, we suggested 
some regeneration process occurred in the foveal architecture.

Due to the high resolution of SS-OCT, we can sometimes 
visualize the ILM flap covering the macular hole at the first 
post-operative follow-up (Fig. 11.5). After employing the 
inverted ILM flap technique, it is interesting that in many 
cases, such as U-type closure (Fig. 11.4a), we do not see any 
sign of the inverted ILM flap itself on the surface of the 
retina, whereas in V-type closure or irregular closure cases, 
we see some presence of ILM (Fig. 11.4b, c).

In some cases, during the first control after surgery the 
macular hole is closed with ILM flap only. We refer to these 

cases as “flap closure.” During the next weeks or months of 
follow-up, we may observe almost complete regeneration of 
retinal tissue under the flap of ILM, and we suggest that this 
also confirms that ILM, as a base membrane, serves as a 
scaffold for retinal tissue to proliferate or migrate in the 
foveal area (Fig. 11.6).

During follow-up the ILM flap may become less visible 
but in some cases, after complete closure of macular hole, 
the ILM flap may change its position or even float above the 
surface of the retina. Interestingly, in macular holes initially 
closed with ILM only, we observe reappearance of retinal 
layers during the follow-up period and even the reformation 
of photoreceptor layers, even if the flap itself has become 
somewhat detached from the retinal surface (Fig. 11.7).

After surgery, or in rare cases with spontaneous resolu-
tion, macular hole closure always begins in the inner layers 
of the retina. During follow-up we observe healing of the 
inner and outer layers of the retina and photoreceptor layers. 
The process of regeneration lasts many months. We should 
usually reserve our judgment until 1 year after surgery, and 
in many cases complete reformation of the retina layers is 
not observed until even later. It is interesting to observe 
regeneration of retina tissue during follow-up. It was once 
thought that nervous tissue does not regenerate. We now 
know better, and looking at multiple examples after macular 
hole surgery we clearly see that as retina layers reappear the 
retina architecture normalizes and this correlates with 
improvement in visual acuity. These changes are clearly 
visualized with SS-OCT (Fig. 11.8).

With the new device we were also able to present that, 
contrary to the regeneration of foveal architecture, we see 
new defects in the nerve fiber layers as shown in Fig. 11.8c, 
d. These defects are known as dissociated nerve fiber layer 
(DONFL) [11]. DONFL is defined as indentation of inner 
retinal layer or formation of small dimples visible in the reti-
nal nerve fiber layer, and can appear even 6–12 months after 
surgery. The most recent modification of the inverted ILM 
flap technique, called “the temporal inverted ILM flap tech-
nique,” allows us to reduce the number and area of nerve 
fiber layer defects [2]. With this technique we observe 
DONFL only on the temporal side of the fovea where ILM 
had been peeled. We do not see them between the fovea and 
the optic nerve where ILM was not peeled.

When using the inverted ILM flap technique in reopera-
tion cases, we do not observe pigment epithelium defects, 
which were seen in the past in cases of retinal massage or as 
a result of the mechanical decrease of the macular hole dur-
ing repeated surgeries (Fig. 11.9).

11  Swept Source OCT for Macular Hole Treated with the Inverted Internal Limiting Membrane Flap Technique
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Fig. 11.4  (a), U-shape closure. Photoreceptor defect is visible in the 
fovea (arrow). (b) V-shape closure. ILM is visible on the surface of the 
retina (arrow). No photoreceptor layer is visible. (c) Irregular closure. 

ILM visible on the surface of fovea, photoreceptor layer almost intact. 
(d) ILM flap closure. Macular hole closed with the ILM only (arrow), 
no retina tissue visible in the center of fovea. (e) Flat open macular hole

Fig. 11.5  3-D SS-OCT image showing an ILM flap on the surface of a 
macular hole
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Fig. 11.6  (a) Macular hole preoperative view. (b) One-week postop-
erative view, macular hole closed with ILM flap only (arrow), visual 
acuity 20/100. (c) Six-week post-operative control, remnants of the 
ILM are visible (arrow), foveal layers of the retina are visible, defect in 

photoreceptor layer, visual acuity 20/50. (d) Twelve months after sur-
gery defect in photoreceptor layer decreased in size (arrow). Visual acu-
ity was 20/30. Please note the increase of nerve fiber layer defects 
during follow up at the temporal side of the fovea (arrowhead)

a

c

b

Fig. 11.7  (a), One week after surgery we see the macular hole closed 
with ILM flap (arrow). (b) One-month follow-up: we see reappearance 
of inner foveal layers and detachment of ILM flap from the surface of 

retina (arrow). (c) Two-year follow-up: almost complete recovery of 
foveal architecture with free-floating ILM (arrow)

11  Swept Source OCT for Macular Hole Treated with the Inverted Internal Limiting Membrane Flap Technique
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Fig. 11.8  (a) SS-OCT Preoperative appearance of a  macular hole. 
(b) One-week postoperative B-scan shows closure of macular hole with 
ILM flap, some tissue appears on the outer surface of ILM, cystic space in 
the outer fovea is present. No defects in the nerve fiber layer. Visual acuity 
20/100. (c) Two-month follow-up shows recovery of inner retinal layers 

defect in the photoreceptor layer is visible, visual acuity 20/40. (d) Two-
year follow-up, almost complete recovery of retina tissue can be seen. The 
ILM flap is barely visible. A minimal defect in photoreceptor layer in fovea 
still persists. Visual acuity 20/30. Please note increased defects of nerve 
fiber layer during follow-up at the temporal side of the fovea (arrows)

Fig. 11.9  A defect in the central retina and retinal pigment epithelium 
(arrow) caused by traumatic surgery can be beautifully presented with 
SS-OCT. Even if it has a tendency to decrease, it persists for years and 
limits visual acuity
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11.2	 �Rare and Complicated Cases

In some cases, traumatic macular holes are associated with 
choroidal rupture and subsequent subretinal fibrosis. Such 
macular holes are difficult to close. We routinely use the 
inverted ILM flap technique in such cases as a primary 
approach. The vast majority of cases are healed and one 
advantage of the inverted ILM flap technique may be sparing 
the patient secondary surgery. In Fig. 11.10 we see SS-OCT 
images of a traumatic macular hole with subretinal fibrosis. 
Recently one such case was described by Morizane et al. His 
technique is a modification of the inverted ILM flap tech-
nique called “autologous transplantation of internal limiting 
membrane” [12]. It can be used in case of absence of ILM 
around the hole if the usual vitrectomy with ILM peeling had 
previously been performed.

Myopic macular hole retinal detachment is a surgical 
challenge. SS-OCT is one of the best tools for the examina-
tion of such cases because of the long scan (12 mm) and high 
depth of focus, which can present both elevated retina with 
macular hole as well as choroid with pigment epithelium in 
one B-scan.

The use of the inverted ILM flap technique not only 
allows us to close the macular hole but also reattach the pos-
terior retina. Our own unpublished data show high success 
rates after the inverted ILM flap technique (Fig. 11.11). 
Recently Lai et  al. have shown their modification of ILM 
repositioning and autologous blood clot, which allowed 
them to close macular holes and reattach the retina in 26 of 
27 eyes (96%) after one surgery, and in 100% after additional 
surgery [13]. A high success rate of this method in closure of 
myopic macular holes without retinal detachment was dem-
onstrated by Kuriyama et  al. in 2013 and by our group, 
Michalewska et al., in 2014 [14, 15]. Additionally, Morizane 
et  al. presented secondary macular holes after vitrectomy 
with ILM peeling for myopic foveoschisis [12]. According 
to their data, secondary macular holes are found in 19–27% 

of such cases. Those cases are difficult to treat because the 
ILM was already peeled. Morizane et al. achieved success in 
all four eyes treated with autologous transplantation of the 
ILM. Grewal and Mahmoud showed that autologous neuro-
sensory retinal free flap may help to close refractory myopic 
macular holes [16].

No SS-OCT data is available in the literature on opera-
tions for full-thickness macular hole associated with drusen. 
Our unpublished data suggests that in these cases we can 
achieve similar anatomical results to those in a general group 
of patients. In Fig. 11.12 we present an example of one such 
case before and after surgery.

The flap technique may be also used in other relatively 
rare cases of full-thickness macular hole which can be diag-
nosed and presented with SS-OCT. In rare cases after retinal 
detachment surgery with scleral buckling and vitrectomy, a 
persistent full-thickness macular hole may be observed. In 
recent years we have collected three such cases (two of them 
were sent from other departments). The result of one such 
surgery is presented in Fig. 11.13.

We are also able to present a long-lasting full-thickness 
macular hole with localized retinal detachment in the course 
of severe proliferative diabetic retinopathy (Fig. 11.14). In 
this case the inverted ILM flap closed the macular hole, but 
at the last visit of the patient (after 10 months follow-up) a 
thin layer of subretinal fluid is still present.

Recovery of fovea architecture is also possible after a 
macular hole lasting several years. The case presented in 
Fig. 11.15 shows a macular hole diagnosed by myself in 
2002  in a patient with mild myopia of −5 Diopters axial 
length 26.65 mm. The patient at that time did not wish to 
have surgery. She changed her mind in 2013. Vitrectomy 
with temporal inverted ILM flap was performed, phaco-
emulsification and intraocular (IOL) implantation after 1 
year followed. Eighteen months after surgery foveal archi-
tecture was almost normal and visual acuity improved from 
10/200 to 20/30.

a b

Fig. 11.10  (a) SS-OCT image of a traumatic macular hole with subretinal fibrosis (arrow), posterior hyaloid seems detached (arrowheads). (b) 
Four-month post-operative view, macular hole is closed. Subretinal fibrosis is still visible (arrow), recovery of photoreceptor layer is visible

11  Swept Source OCT for Macular Hole Treated with the Inverted Internal Limiting Membrane Flap Technique
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a

c

b

Fig. 11.11  (a), Myopic macular hole retinal detachment, elevated retina and full-thickness macular hole seen with SS-OCT. (b) One week post-
operative. (c) Thirteen-month post-operative image. Visual acuity improved from 2/200 before surgery to 20/80 at the final control

a b

Fig. 11.12  (a) Macular hole with coexisting drusen before surgery. (b) At the one-week control

a b

Fig. 11.13  (a) Persistent macular hole after scleral buckling and vit-
rectomy for retinal detachment. Retina is reattached, visual acuity 
2/200. Note the thickening of retinal pigment epithelium (arrow). (b) 
Follow-up visit one year after repeated vitrectomy with temporal 

inverted ILM flap, cataract removal, and IOL implantation. Thickening 
of retinal pigment epithelium persists, macular hole is closed, foveal 
architecture improved, DONFL visible temporal to fovea (arrow); 
visual acuity 20/50

J. Nawrocki and Z. Michalewska
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Fig. 11.14  (a) SS-OCT image of a full-thickness macular hole in course of proliferative diabetic retinopathy. (b) One-month follow-up, macular 
hole is closed, subretinal fluid is still present. (c) Ten-month follow-up, a thin layer of subretinal fluid is still present

Fig. 11.15  SS-OCT 18 months after surgery. Control visit of a patient 
with myopia operated 11 years after onset of the macular hole. You can 
still see some visible flap remnants (arrow) and almost complete recov-
ery of the photoreceptor lines in the center of the fovea. VA 20/30

11  Swept Source OCT for Macular Hole Treated with the Inverted Internal Limiting Membrane Flap Technique
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11.3	 �SS-OCT Angiography

Despite the relatively simple pathology of macular holes, the 
device can experience difficulties in presenting the tissue. If 
we look at the SS-OCT angiography (OCTA) image of small 
stage 2 macular hole as presented in Fig. 11.16, even if the 
structural SS-OCT shows a full-thickness fovea defect, we 
do not see any pathology in the Angiography SS-OCT image.

If we look at the superficial vascular plexus image the 
vasculature is usually normal and the size of the avascular 
zone corresponds to the size of macular hole. However, in a 
Stage 3 macular hole (Fig. 11.17), when some tissue is pres-
ent in the area of the full-thickness macular hole, the center 
of the fovea presents as a hyporeflective area both in the 
anterior vascular plexus image and deep vascular plexus 
image. The deep vascular plexus image shows an increased 
avascular zone with a strange defect outside of the partially 
preserved vasculature. Close to the center of the fovea we 
can just make out some vascular tissue, but with a very low 
signal. Looking at the segmentation lines on the B-scan, we 
can see that they move out of the firm tissue or go through 
cystic spaces. In the center of the fovea in the outer retina 
image, we notice the bright appearance of the choriocapil-
laris. The choriocapillaris in the center of fovea presents 
higher reflectivity when compared to the rest of the layer.

Next we present a case of a small Stage 4 macular hole 
(Fig. 11.18). The superficial vascular plexus is once again nor-
mal, but we see an enlarged fovea avascular zone in the deep 
vascular plexus. Looking more carefully at the deep angiogra-
phy image there appears to be some vasculature close to the 
center of the fovea, but this is very pale and is probably a result 
of false detection of the vessels, as the scan has been affected 
by the cystic spaces around the macular hole.

In the outer retina, where usually we have no vessels, 
inaccurate segmentation can show vasculature to be present 
in the center of the fovea. If we look at the segmentation line 
in these instances, we are likely to see that it goes behind the 
outer retina to the choriocapillaris, and this observation indi-
cates that the angiography image also shows an artifact. The 
laser is reflected from the surfaces of particular retinal and 
choroidal layers. Part of the laser beam is scattered in the tis-
sue. In full-thickness macular holes, the lack of retinal tissue 

in the foveola means the laser beam has direct access to the 
retinal pigment epithelium and choriocapillaries. Therefore, 
we observe a circle of high hyperreflectance in the center of 
the fovea at the level of choriocapillaries.

Furthermore, if we have a stage 4 macular hole, especially 
larger-sized holes (Fig. 11.19), we see a normal superficial 
vascular plexus, but in the deep vascular plexus image we 
may see a hyperreflective area of vessels in the center of the 
fovea, where, we know, no vessels are present. This is caused 
by inaccurate segmentation, when the segmentation lines 
created automatically by the device might travel down under 
the retinal pigment epithelium and image choroidal vessels 
as if they were present in the center of the fovea. Such arti-
facts can be dealt with by manual correction of the shape of 
the segmentation line (scan line).

The choriocapillaris layer is more clearly visible in the 
center of fovea, when compared to other areas, in cases of 
full-thickness macular hole. This is probably due to the 
absence of retina tissue and vasculature in the center of fovea 
which do not produce any projection artifacts on the deeper 
layers.

These types of imaging complications are even better 
illustrated in this case of a full-thickness macular hole with 
surrounding cystic spaces (Fig. 11.20a). In such cases, the 
delicate appearance of deep vascular plexus may be pre-
sented around the cystic spaces. Initially the image may sug-
gest that some abnormalities of the vasculature are actually 
present. However, we doubt that this is the case because we 
observe an immediate improvement after surgery following 
the disappearance of the cystic spaces (Fig. 11.20b). Thus we 
believe these are artifacts of segmentation.

Sometimes, in long-term follow-up, ILM flap may be 
floating in front of the retina, even if the macular hole is 
closed, and this can produce some projection artifacts. The 
B-scan in Fig. 11.21 shows that the ILM flap is free-floating, 
and this has possibly caused the dark shadows on the angiog-
raphy images.

In very rare cases, the origin of the macular hole may be 
poor nutrition resulting from the presence of choroidal neo-
vascularization in the course of age-related macular degen-
eration, and such cases can be beautifully detected with 
SS-OCT (Fig. 11.22).

J. Nawrocki and Z. Michalewska
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Angiography (Superficial) Angiography (Deep) Angiography (Outer retina) Angiography (Choriocapillaris)

OCT B-Scan FundusComposite angiography

Fig. 11.16  SS-OCT angiography of a stage 2 macular hole

Angiography (Superficial) Angiography (Deep) Angiography (Outer retina) Angiography (Choriocapillaris)

OCT B-Scan FundusComposite angiography

Fig. 11.17  SS-OCTA of a stage 3 macular hole with inaccurate segmentation of deep vascular plexus and choriocapillaris

11  Swept Source OCT for Macular Hole Treated with the Inverted Internal Limiting Membrane Flap Technique
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Angiography (Superficial) Angiography (Deep) Angiography (Outer retina) Angiography (Choriocapillaris)

OCT B-Scan FundusComposite angiography

Fig. 11.19  Stage 4 macular hole SS-OCTA without manual correction where the segmentation has failed and the images present artifacts

Angiography (Superficial) Angiography (Deep) Angiography (Outer retina) Angiography (Choriocapillaris)

OCT B-Scan FundusComposite angiography

Fig. 11.18  SS-OCTA images of a stage 4 macular hole showing an artifact where the laser has reflected from the choriocapillaris

J. Nawrocki and Z. Michalewska
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Angiography (Superficial) Angiography (Deep) Angiography (Outer retina) Angiography (Choriocapillaris)

OCT B-Scan FundusComposite angiography

Angiography (Superficial) Angiography (Deep) Angiography (Outer retina) Angiography (Choriocapillaris)

OCT B-Scan FundusComposite angiography

a

b

Fig. 11.20  (a) Apparent cystic spaces with vessel artifacts due to the 
scan lines having dropped into the hole resulting in poor segmentation. 
(b) Post-surgical SS-OCTA of the same eye. The macular hole has 

closed, cystic spaces have resolved and no vascular abnormalities are 
present in the deep angiography image

11  Swept Source OCT for Macular Hole Treated with the Inverted Internal Limiting Membrane Flap Technique
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Angiography (Superficial) Angiography (Deep) Angiography (Outer retina) Angiography (Choriocapillaris)

OCT B-Scan FundusComposite angiography

Fig. 11.21  Possible incorrect segmentation resulting in dark shadows on the angiography images

Angiography (Superficial) Angiography (Deep) Angiography (Outer retina) Angiography (Choriocapillaris)

OCT B-Scan FundusComposite angiography

Fig. 11.22  Unique macular hole secondary to AMD subretinal vasculature—trophic hole not caused by traction

J. Nawrocki and Z. Michalewska
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Conclusion

When compared to older imaging devices, the improved 
resolution and the excellent visualization of the vitre-
ous, retina, and choroid provided by SS-OCT allows us 
to study cases of macular hole in greater detail. 
Additionally, the use of SS-OCTA in these cases allows 
us to better understand methods and to be more analyti-
cal with our observations.
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Diabetic Macular Edema

Takafumi Hirashima, Masanori Hagihara, 
and Hideyasu Oh

Diabetic macular edema (DME) is one of the most common 
causes of visual impairment in patients with diabetes melli-
tus [1]. Physiologically, DME is reported to be induced by 
disruption of the blood-retinal barrier (BRB) secondary to 
retinal vessel leukostasis, pericyte loss, and increased perme-
ability of retinal pigment epithelium cells [2]. The disruption 
of the BRB results in abnormal fluid leakage into the extra-
cellular space and then leads to residual accumulation of 
fluid into the intraretinal layers [3]. Similarly, various cho-
roidal abnormalities, including obstruction of the choriocap-
illaris, vascular degeneration, choroidal aneurysms, and 
choroidal neovascularization, have been reported [4–6]. The 
introduction of swept source OCT (SS-OCT) made it possi-
ble to detect these morphological features of the choroid in 
patients with DME, such as an irregular-shaped choroido-
scleral interface, focal choroidal thinning, and reduction of 
choriocapillaris layer thickness [7].

The molecular mechanisms of DME involve chronic 
hyperglycemia, the accumulation of oxidative stress agents 
and protein kinase C formation, and the subsequent activa-
tions of various inflammatory factors, especially vascular 
endothelial growth factor (VEGF) [8–10].

12.1	 �Classification of Diabetic Macular 
Edema

Based on optical coherence tomography (OCT) images, 
DME is classified into six morphologic patterns: focal retinal 
thickening (Fig. 12.1), diffuse retinal thickening (Fig. 12.2a), 
cystoid macular edema (CME) (Fig. 12.2b), serous retinal 
detachment without posterior hyaloidal traction (PHT) 
(Fig. 12.2c), PHT without traction retinal detachment (TRD) 
(Fig. 12.2d), and PHT with TRD (Fig. 12.2e) [11, 12].
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Fig. 12.1  Image of a case with focal diabetic macular edema (DME) 
by SS-OCT. Arrows indicate the region that has focal thickening of both 
the retina and choroid

a

c

e

d

b

Fig. 12.2  (a) SS-OCT image of diffuse retinal thickening. Note the 
area of the thin choroid (arrows). (b) SS-OCT image of a case with 
cystoid macular edema. Both intraretinal cystoid cavities and choroidal 
vasculature are well documented. The chorio-scleral interface is indi-
cated by arrowheads. (c) SS-OCT image of serous retinal detachment 
without posterior hyaloidal traction (PHT). A slight subretinal fluid is 
observed beneath the dome-like elevation of detached retina (arrow). 
Arrowheads indicate the region showing focal thinning of the choroid. 

(d) SS-OCT image of PHT without traction retinal detachment (TRD). 
The PHT is clearly identified as a highly reflective strand arising from 
the inner retinal surface (arrow). Note the relatively thin choroid. (e) 
SS-OCT image of PHT with TRD. The traction exerted by the PHT is 
identified as a highly reflective strand between the inner retinal surface 
and the posterior hyaloid (arrows). The TRD is detected as an area of 
low signal underlying the highly reflective border of detached retina 
(arrowhead)

T. Hirashima et al.
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12.2	 �Photocoagulation Treatment

Focal laser photocoagulation is the standard treatment for 
focal DME.  The Early Treatment Diabetic Retinopathy 
Study (ETDRS) reported a 50% reduction in moderate vision 
loss (>3 lines) with laser treatment compared to observation 
(Figs. 12.3, 12.4, 12.5, and 12.6) [13]. In diffuse DME, how-

ever, the significant effectiveness of laser photocoagulation 
has not been demonstrated.

Recent reports showed a significant decrease in choroidal 
thickness in patients treated with pan-retinal coagulation 
(Figs. 12.7, 12.8, 12.9, and 12.10) [14, 15]. On the other 
hand, it has been reported that focal laser photocoagulation 
did not alter choroidal thickness in eyes with DME [16].

12  Diabetic Macular Edema
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a

b

c

Fig. 12.3  (a) Fundus photograph (left) and fluorescent fundus angiog-
raphy (right) of a case with CME.  Note the microaneurysm (arrow-
head) treated with focal laser photocoagulation. (b) Preoperative 
spectral-domain OCT image. Note the CME and the adhesion of poste-

rior hyaloid membrane to the foveola (arrows). The choroidal vascula-
ture is not well visualized. (c) Preoperative SS-OCT image. Note the 
detail structure of the choroid is well visualized, compared to (b) 
(arrowheads)

T. Hirashima et al.
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Fig. 12.4  Preoperative retinal (left) and choroidal thickness map (right) by SS-OCT. Arrowhead indicates the area where the photocoagulated 
microaneurysm is located

Fig. 12.5  SS-OCT at 1 month after focal photocoagulation. Note the 
adhesion of posterior hyaloid membrane is released

12  Diabetic Macular Edema
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Fig. 12.6  Retinal thickness map (left) at 1 month after focal photocoagulation shows reduction of the retinal thickness in the photocoagulated area 
(arrowhead) and also the central fovea. The choroidal thickness map (right) shows that the choroidal thickness remains largely unchanged

Fig. 12.7  A case that required pan-retinal photocoagulation. 
Preoperative SS-OCT shows CME and hard exudates (arrows)

T. Hirashima et al.
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Fig. 12.8  Preoperative retinal (right) and choroidal thickness map (left)

Fig. 12.9  SS-OCT at 2 weeks after pan-retinal photocoagulation. The 
increase of macular edema was observed (arrowhead)

12  Diabetic Macular Edema
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Fig. 12.10  Retinal thickness map (left) at 2 weeks after pan-retinal photocoagulation shows increase of the retinal thickness. The choroidal thick-
ness map (right) shows that the choroidal thickness remains unchanged

T. Hirashima et al.
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12.3	 �Medical Treatment

The two major medical treatments for DME are corticosteroids 
and anti-VEGF agents. The anti-inflammatory effect of corti-
costeroids helps to reduce retinal edema and may also inhibit 
neovascularization [17, 18], while significant side effects, 
including cataracts and glaucoma, have been reported [19, 20].

The efficacy and safety of intravitreal anti-VEGF treat-
ment for DME have recently been demonstrated by various 
clinical trials [21–23]. To date, both ranibizumab and afliber-
cept are approved for the treatment of DME by the U.S. Food 
and Drug Administration. The recent reports showed anti-
VEGF treatment for DME reduces choroidal thickness (Figs. 
12.11, 12.12, 12.13, and 12.14) [24–26].

Fig. 12.11  A case treated with intravitreal injection of aflibercept 
(IVA). Preoperative SS-OCT shows CME and a slight subretinal fluid 
(arrow)

Fig. 12.12  Preoperative retinal (left) and choroidal thickness map (right) show diffuse retinal thickening and localized choroidal thickening in the 
fovea, respectively

12  Diabetic Macular Edema
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Fig. 12.14  Retinal thickness map (left) at 1 month after IVA shows a remarkable decrease of the retinal thickness and the choroidal thickness is 
also slightly reduced (right)

Fig. 12.13  SS-OCT image at 1 month after the initial IVA shows com-
plete resolution of the macular edema

T. Hirashima et al.
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12.4	 �Vitrectomy

The vitreous is implicated as a cause of DME by some 
mechanical and physiologic mechanisms, all of which lead 
to increased vascular permeability [27–29]. When there is 
an evident traction over the macular, vitrectomy has been 
reported to be effective (Figs. 12.15, 12.16, 12.17, and 
12.18) [30, 31]. Vitrectomy also can improve DME by 
removing the growth factors and cytokines such as VEGF, 
IL-6, and platelet-derived growth factor. These factors have 
been reported to be abundantly detected in the vitreous fluid 
of DME and associated with macular edema and retinal neo-

vascularization [32]. Furthermore, the evidence that 
decreased oxygenation can exacerbate DME [33] supports 
an additional advantage of vitrectomy since it provides the 
inner retina with additional oxygen by improving the flow 
of oxygen rich aqueous into the vitreous cavity [34]. The 
increase of oxygen concentration at the inner retina can 
decrease the flow of oxygen from choroid to retina and con-
strict the choroidal vessels [35]. Nevertheless, the role of 
vitrectomy in treatment of DME remains elusive because 
the potential benefits and risks have not been clearly evalu-
ated in long-term, adequately sized, randomized clinical 
trials.

Fig. 12.15  A case treated with vitrectomy and internal limiting mem-
brane peeling. Preoperative SS-OCT image shows diffuse retinal thick-
ening, hard exudates, and an epiretinal membrane (arrows)

Fig. 12.16  Preoperative retinal thickness map (left) shows diffuse retinal thickening centered on the fovea. Preoperative choroidal thickness map 
(right)

12  Diabetic Macular Edema
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Fig. 12.18  Retinal thickness map (left) at 1 month after vitrectomy shows reduction of the retinal thickness in the central fovea. The choroidal 
thickness map (right) shows a slight increase of the choroidal thickness in the inferior parafoveal area

Fig. 12.17  SS-OCT image at 1 month after the surgery shows resolu-
tion of the retinal edema

T. Hirashima et al.
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Swept Source OCT in Retinal Vein 
Occlusion

Mayss Al-Sheikh and SriniVas R. Sadda

Retinal vein occlusion (RVO) is the second-most-common 
retinal vascular disease after diabetic retinopathy [1]. 
Fluorescein angiography (FA), the current gold standard for 
diagnosis and management in retinal vascular diseases, pro-
vides excellent visualization of pathological alterations such 
as vessel leakage, non-perfusion, and neovascularization [2]. 
The assessment of microvasculature features and alterations 
using FA has been limited by the superimposition of various 
layers of capillary networks, as well as by capillary leakage 
[3]. Swept Source Optical coherence tomography angiogra-
phy (SS-OCTA) is a new, noninvasive imaging modality that 
enables visualization of the retinal and choroidal vasculature 
based on isolation of motion signals (blood flow) from static 
(tissue) signals. Because of its high contrast and depth reso-
lution, SS-OCTA can depict the capillary networks in spe-
cific retinal layers and allows the assessment of foveal 
avascular zone enlargement, capillary non-perfusion area, 
and vascular collateral formation. SS-OCTA en face images 
can be reviewed along with the structural B-scan SS-OCT to 
visualize changes such as increased retinal and choroidal 
thickness and intraretinal cysts and to correlate these with 
the microvascular changes visible on SS-OCTA.

13.1	 �SS-OCT Angiography Features in Vein 
Occlusion

High-density scanning of SS-OCTA can be used to identify 
the different vascular plexuses of the retina and the choroidal 
vasculature [4]. We can also observe features of vessel 

abnormalities that could not be detected using fluorescein 
angiography because of the dye leakage in the intermediate 
and late phases of the examination. SS-OCTA allows the 
detection of clinical features such as caliber changes, vessel 
tortuosity, vascular sheathing, alteration of the foveal micro-
vascularization, and interruption of the capillary network.

13.1.1	 �Superficial Capillary Plexus

An enlargement of the foveal avascular zone (FAZ) can be 
observed based on capillary dropout with capillary non-
perfusion areas around and outside the FAZ. Capillary non-
perfusion is detected as regions of abrupt discontinuity of the 
capillary network. Vascular looping (Fig.  13.1), telangiec-
tatic changes, collaterals, and focal dilations (microaneu-
rysms) may all be identified with this technique.

Vessel wall staining on fluorescein angiography corre-
sponds with a weak flow on SS-OCTA and may be visual-
ized as a narrow vessel surrounded by a dark area that 
corresponds to the thickened vessel wall.

Macular cystoid spaces can also be seen by SS-OCTA as 
black, circular areas with no flow signal  (Fig. 13.2). They 
have well-demarcated borders on the en face image.

13.1.2	 �Deep Capillary Plexus

The deep capillary plexus shows various alterations of the 
vasculature in RVO, including areas of non-perfusion with 
abrupt truncation of the capillary vessels and enlargement of 
the foveal avascular zone as a result of interruption of the 
parafoveal microcirculation  (Figs. 13.1, 13.2 and 13.3). 
Collateral vessels may also be seen. Vascular congestion 
signs are mainly observed in the deep retinal plexus as 
dilated vessels with increased signal.
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Fig. 13.1  Left eye of a 91-year-old woman with central retinal vein 
occlusion, first diagnosed 5 years ago, with a history of recurrent cystoid 
macular edema treated with multiple intravitreal anti-VEGF injections. 
(a) Color fundus photography. (b) Infra-red fundus image. (c) SS-OCTA 
of the superficial retinal layer with enlargement of the foveal avascular 

zone (FAZ) area and with capillary discontinuity perifoveally and tempo-
ral to the macula. (d) SS-OCTA of the deep retinal layer also shows an 
enlargement of the FAZ area, areas of capillary discontinuity, and dilation 
of superior macular capillaries with increased signal as a sign for vascular 
congestion. (e, f) Show the corresponding segmentation
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Fig. 13.2  A 56-year-old patient with central retinal vein occlusion in 
the left eye, which had first developed 1 year earlier. The patient has 
a history of recurrent macula edema treated with multiple anti-VEGF 
injections. (a) Color fundus photography. (b) Early and (c) late fluo-
rescein angiography frames. (d) Structural optical coherence tomog-
raphy (OCT) demonstrates cystoid macular edema. (e) SS-OCTA of 

the superficial retinal layer with enlargement of the foveal avascular 
zone (FAZ) area, capillary discontinuity and intraretinal cysts 
(dashed circle). (f) SS-OCTA of the deep retinal layer also shows an 
enlargement of the FAZ area, areas of capillary discontinuity and 
intraretinal cysts (dashed circle). (g, h) Show the corresponding slab 
segmentation
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Fig. 13.3  A 79-year-old male with central retinal vein occlusion in the 
left eye. (a) Color fundus photography. (b) Early and (c) late fluorescein 
angiography frames. (d) Structural OCT. (e, f) SS-OCTA of the super-
ficial and deep retinal layer with moderate enlargement of the foveal 

avascular zone area, some continuity of the perifoveal capillary net-
work, and attenuation of the macular microvasculature. (g, h) Show the 
corresponding slab segmentation
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13.2	 �Choroid

Changes in choroidal thickness in the eyes of patients with 
retinal vein occlusion have been previously described using 
enhanced depth imaging OCT. Tsuiki et al. [5], for example, 
observed increased choroidal thickness subfoveally in 
patients with central RVO, whereas others were only able to 
demonstrate increased choroidal thickness in the territory of 
the vascular occlusion. We have not observed significant 
alterations in the choriocapillaris or choroid by SS-OCTA in 
eyes with RVO; however, the edema from occlusion may 
cause a loss of signal that impairs the quality of the SS-OCTA.

13.3	 �Summary

In summary, the retinal microvascular alterations associated 
with RVO are well-demonstrated by SS-OCTA.  Capillary 
non-perfusion can be detected in multiple layers, and previ-
ous reports have shown good correlation between SS-OCTA 
and FA [6].

These microvascular alterations can be quantified to more 
precisely describe the severity of the non-perfusion. An 
increase in the area of the FAZ was noted in the deep retinal 
layer but not in the superficial retinal layer of eyes with RVO, 
whereas decreased vessel density was observed in both the 
superficial and deep retinal layers [7]. Other morphological 
changes such as capillary dilation, as well as areas of non-
flow, were present in the deep layer more frequently than in 
the superficial layer [8, 9].

One limitation of most current SS-OCTA systems is the 
relatively small field of view, as the best resolution scans are 
usually only 3 × 3 mm in size. Larger scans (9 × 9 mm or pos-
sibly 12 × 12 mm) still provide little more than a 30° field of 
view and sacrifice resolution for this size of field. Ultra-
widefield SS-OCTA is not yet available, though larger fields 

may be studied by montaging multiple smaller cans together. 
Evaluation of larger and more peripheral regions of the retina 
by SS-OCTA are important goals for the future, as the extent 
of the peripheral non-perfusion has been shown to influence 
the severity of macular edema in patients with RVO [10].
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Swept Source OCT of Choroidal Nevi

Kunal K. Dansingani and K. Bailey Freund

Choroidal nevus is the most common type of intraocular 
tumor with an estimated prevalence of 6.5% and 1.4% in 
Caucasian and Asian populations, respectively [1]. Due to 
pigmentation, melanotic choroidal nevi are relatively opaque 
to internal examination under white light.

Imaging in the near-infrared, optical coherence tomogra-
phy (OCT) achieves greater tissue penetration than technolo-
gies which use visible light, but is still hindered by the retinal 
pigment epithelium and by the melanin within nevi. Time 
domain and spectral domain OCT (SD-OCT) have therefore 
revealed much about secondary changes to tissues adjacent 
to choroidal nevi but relatively little about the internal struc-
tures of the nevi themselves, even with the addition of 
enhanced depth-imaging protocols.

Long wavelength swept source OCT (SS-OCT) achieves 
even greater tissue penetration than enhanced depth-imaging 
spectral domain OCT and, in the case of melanotic choroidal 
nevi, has been shown to be better than spectral domain OCT 
at demonstrating the internal features of nevi, such as blood 
vessels and granularity, as well as choriocapillaris abnormal-
ities [2].

An additional benefit of SS-OCT is the higher scan speeds 
achieved as compared to SD-OCT.  Although higher scan 
speeds compromise signal-to-noise ratio they allow for 
acquisition of dense raster patterns, providing volumetric 
reflectivity data that can then be segmented in various planes. 
En face segmentation of SS-OCT scans of choroidal nevi 

demonstrates tissue relationships in vivo that and fundus 
autofluorescence with earlier imaging modalities.

Figure 14.1 illustrates a subfoveal choroidal nevus in the 
right eye of a 65-year-old female. Color and red-free photog-
raphy show associated drusen and fundus autofluorescence 
imaging shows mottled pigment epitheliopathy.

Cross-sectional SS-OCT shows anterior bowing of 
Bruch’s membrane due to the bulk of the nevus, with an 
overlying shallow irregular pigment epithelial detachment 
with intermediately reflective contents. Extreme thinning of 
the residual choroid is noted over the temporal aspect of the 
nevus with distended vessels and choroidal thickening 
immediately adjacent to the nevus. One prominent vessel 
within the nevus substance appears to be a Haller vessel 
around which the nevus has grown.

En face segmentation of the volume scan data through the 
deep choroid shows the arrangement of enlarged choroidal 
vessels surrounding the nevus.

Figure 14.2 illustrates a subfoveal amelanotic choroidal 
nevus in the left eye of a 41-year-old male. Color and red-
free photography show the amelanotic lesion and an area of 
altered coloration temporal to the lesion, corresponding with 
chronic shallow subretinal fluid. A horizontal cross-sectional 
SS-OCT line scan shows the distentive effects of the nevus 
on tissues related to it anteriorly, and related to the sclera 
posteriorly. Shallow neurosensory detachment is seen nasal 
to the nevus and ellipsoid loss is seen temporal to the nevus, 
presumed secondary to regressed chronic subretinal fluid. A 
shallow irregular pigment epithelial detachment is seen at 
the apex of the nevus, the contents of which are intermedi-
ately reflective.

The granularity of the nevus manifests as heterogeneous 
internal reflectivity. Dilated choroidal vessels are noted at the 
lateral borders of the nevus, with some vascular markings also 
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Fig. 14.1  Multimodal imaging of the right eye of a 65-year-old-female 
with melanotic choroidal nevus. Top row, Color and red-free photo-
graphs. Lower left, Horizontal SS-OCT line scan (12 mm) through the 

center of the nevus. Lower right, En face SS-OCT segmented at the 
level of the mid-choroid (12 × 9 mm)

visualized within the lesion. En face segmentation through the 
deep choroid reveals the diagonal orientation of these vessels, 
which appear to be draining toward the vortex veins.

The visualization of features intrinsic and related to amel-
anotic choroidal nevi in cross-sectional SS-OCT is similar to 
that achieved by SD-OCT. For melanotic lesions, the supe-
rior tissue penetration of long wavelength SS-OCT enables 
detection of features not seen by SD-OCT.

The morphology and significance of dilated Haller ves-
sels with accompanying inner choroidal attenuation has 
been discussed previously in the context of chronic central 

serous chorioretinopathy and pachychoroid disease, and the 
finding of similar features localized to the immediate vicin-
ity of choroidal nevi suggests that the space-occupying 
effects of the nevi can alter choroidal hemodynamics [3]. 
Additionally, shallow irregular pigment epithelial detach-
ments have been shown with high probability to contain 
neovascular tissue in both age-related macular degeneration 
(AMD) and pachychoroid disease [4–6]. The clinical value 
of these observations in the context of choroidal nevi 
remains to be determined, and would require longitudinal 
study of large series.
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Fig. 14.2  Multimodal imaging of the left eye of a 41-year old male 
with amelanotic choroidal nevus. Top row, Color and red-free photo-
graphs. Lower left, Horizontal SS-OCT line scan (12 mm) through the 

center of the nevus. Lower right, En face SS-OCT segmented at the 
level of the mid-choroid (12 × 9 mm)
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Intraocular Tumors Using Swept  
Source OCT
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and José M. Ruiz-Moreno

Swept source optical coherence tomography (SS-OCT) 
permits a complementary study of retinal and choroidal 
lesions and diseases, including intraocular tumors. Due to 
the longer wavelength (1050 nm) employed, SS-OCT allows 
the visualization of the internal configuration of the tumors, 
and even the extent of the lesion in small and medium tumors, 
up to a thickness of around 500 μm in pigmented lesions and 
up to 1600 μm in non-pigmented lesions [1, 2]. The high-
quality images and resolution obtained with SS-OCT allow a 
better study of the tumors, helping at the time of diagnosis 
and showing complementary information such as intraretinal 
edema, subretinal fluid, photoreceptor atrophy, and retinal 
pigment epithelium (RPE) atrophy or detachments, which 
will guide physicians to the best treatment.

15.1	 �Choroidal Nevus

Choroidal nevus is a relatively frequent intraocular tumor, 
benign in nature and usually pigmented. SS-OCT shows a 
homogeneous, hyperreflective mass, clearly well-defined 
from the surrounding choroid and the choriocapillaris pre-
served (Fig. 15.1) [1]. RPE and ellipsoid zone are in most 
cases damaged, resulting in atrophy or irregularity of both 
layers [3, 4]. Drusen are usually present, and are clearly 
defined in the scan (Fig. 15.2). Three different configurations 
have been defined: “plateau,” where the nevus has a disten-
tion in the sclera only; “dome,” with a distention into the 
retina only; and the most common configuration, “almond,” 
where the lesion presses both the retina and the sclera [3].
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Fig. 15.1  A choroidal nevus located at the inferior temporal arcade is 
shown in the fundus photograph (top left). En face SS-OCT shows a 
hyperreflective lesion, perfectly delimited from the surrounding choroid 

(top right). B-scan SS-OCT shows a homogeneous, hyperreflective 
mass, with the choriocapillaris preserved

Fig. 15.2  Several drusen over the 
choroidal nevus are clearly 
defined in the fundus and SS-OCT 
B-scan
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15.2	 �Choroidal Nevus with Risk Factors 
for Growth

Choroidal nevus can turn into choroidal melanoma. 
Shields et al. [5] described eight clinical signs and features 
that predict malignant transformation of nevus, including 
thickness over 2 mm, subretinal fluid, symptoms, orange 

pigment, tumor proximity to optic nerve, ultrasound 
hollowness, halo absent, and drusen absent. These lesions 
show intermediate features between nevus and melanoma 
using SS-OCT. They have more regular internal structure 
than melanoma, but the choriocapillaris is not visible in 
most patients, whereas it is visible in nevus (Figs. 15.3 
and 15.4) [1].

Fig. 15.3  Choroidal nevus with risk factors for growth at the posterior 
pole (top left). A patch of RPE and areas of hyper/hypo-autofluorescence 
is shown in the autofluorescence image (top middle). B-mode of ultra-
sound shows a lesion thinner than 2 mm (top right). B-scan SS-OCT 
presents intraretinal chronic cysts in vertical scan (bottom left) and hori-

zontal scan (bottom right). An RPE alteration in the center of the lesion, 
with most of the choriocapillaris disappeared. The intrinsic features of 
the tumor show a hyperreflective lesion with some hyporeflective areas 
along the nevus, with corresponding shadowing

15  Intraocular Tumors Using Swept Source OCT
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Fig. 15.4  Pigmented lesion located at the superior temporal arcade, 
with orange pigmentation and chronic subretinal fluid (top left). 
Autofluorescence image shows a patch of RPE atrophy and areas of 
hyper/hypo-autofluorescence (top middle). B-mode of ultrasound shows 

a small lesion thinner than 1.5 mm (top right). Outer retina alterations 
associated to subretinal fluid and RPE undulation are the retinal changes 
observed. Choriocapillaris layer is preserved along the full hyperreflec-
tive lesion, which can be clearly differentiated from the healthy choroid

I. Flores-Moreno et al.
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15.3	 �Choroidal Melanoma

Imaging choroidal melanoma presents a lesion with a 
dome-shaped configuration with highly reflective lesion, 
deep optical shadowing, subretinal fluid, and shaggy photo-
receptors [5, 6]. The tumor compresses the choriocapillaris 

in 100% of cases, resulting in an invisible choriocapillaris in 
SS-OCT scans [1]. Melanomas have a heterogeneous con-
figuration on SS-OCT (Fig. 15.5), and irregularities are 
always present in the internal space, which differentiates 
from choroidal nevus that are homogeneous in their config-
uration (Fig. 15.6).

Fig. 15.5  Choroidal 
melanoma located at the 
posterior pole (top left).  
En face SS-OCT (top right) 
shows two areas clearly 
differentiated, an outer halo 
with a homogeneous pattern 
and a circular central 
hyperreflective area with 
hyporeflective lacunae. 
B-scan SS-OCT (bottom) 
presents an atrophic retina 
thickness with retinal pigment 
epithelium atrophy, no 
choriocapillaris preservation 
and a dome-shape lesion with 
hyper/hyporeflective areas

15  Intraocular Tumors Using Swept Source OCT
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Fig. 15.6  Choroidal melanoma inferior to the optic nerve, which has 
been previously treated with brachytherapy. Chronic retinal edema and 
subretinal fluid is noticed in SS-OCT B-scan. Retinal pigment epithelium 

is shown as an irregular hyperreflective line, and choriocapillaris cannot 
be distinguished. The melanoma has a homogeneous configuration 
although some irregularities are present in the internal space
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15.4	 �Choroidal Metastasis

Choroidal metastasis originates most frequently from lung 
or breast carcinoma, usually affecting the posterior pole 
and a profuse exudative retinal detachment. SS-OCT scans 

show a dome-shaped or “lumpy-bumpy” mass with low 
internal reflectivity, well delimitated from the surrounding 
choroid and with irregular clumps, compression of the 
overlaying choriocapillaris, and posterior shadowing  
(Fig. 15.7) [1, 5].

Fig. 15.7  Choroidal metastasis from lung cancer is shown as an amelanotic, yellow mass, with an extensive exudative retinal detachment  
(top left). SS-OCT B-scan shows a lesion with a “lumpy-bumpy” configuration, low internal reflectivity, and irregular clumps

15  Intraocular Tumors Using Swept Source OCT
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15.5	 �Circumscribed Choroidal 
Hemangioma

Choroidal hemangioma is a benign, vascular tumor, 
round or oval in configuration and orange-red in 
appearance. The study of this lesion with SS-OCT 
shows a dome-shaped configuration with preservation 
of the choriocapillaris and expanded vascular spaces in 
the interior of the mass, which resemble a sponge-like 
pattern (Figs. 15.8 and 15.9). The lesion can be clearly 

differentiated from the surrounding choroidal vessels 
[1, 2, 5].

En face SS-OCT permits a coronal view of the lesion. A 
multilobular pattern, similar to a honeycomb or a sponge—
with hyporeflective, confluent, round, or oval vascular 
spaces, and hyperreflective zones, presumably the vessel 
walls and connective tissue of the tumor—can be differenti-
ated in the en face scan (Fig. 15.10). This rapid, non-invasive 
method helps us differentiate choroidal hemangioma from 
other tumors [2].

Fig. 15.9  Circumscribed choroidal hemangioma after photodynamic therapy. SS-OCT B-scan shows long vascular spaces across the lesion

Fig. 15.8  Circumscribed choroidal hemangioma located at the supe-
rior temporal arcade. Vertical (top right) and horizontal (bottom right) 
SS-OCT B-scan shows a dome-shaped configuration with preservation 

of the choriocapillaris and expanded vascular spaces in the interior of 
the tumor, in a “sponge”-like pattern. The lesion can be perfectly 
defined in size

I. Flores-Moreno et al.
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Fig. 15.10  Multimodal imaging of circumscribed choroidal 
hemangioma. (a) Color fundus showing the circumscribed choroidal 
hemangioma at the superior temporal arcade. (b) Autofluorescence 
image with retinal pigment epithelium atrophy and changes around the 
lesion. (c, d) En face SS-OCT images from the inner zone of the tumor 

(c) to deeper zone (d). (e, f) A multi-lobular pattern, or “honeycomb” 
pattern, is seen in the images (e), and an enlargement of the vascular 
spaces from the inner to the outer zone of the tumor is observed (f).  
(g) SS-OCT B-scan across the tumor showing the enlargement of the 
vascular spaces
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Intraocular Inflammation

Roberto Gallego-Pinazo, Rosa Dolz-Marco, 
Enrique España-Gregori, and Alejandro Fonollosa

Intraocular inflammatory diseases, especially posterior 
uveitis, are associated with a variety of retinal morphometric 
changes. Optical coherence tomography (OCT), given its 
high sensitivity in terms of finding any vitreomacular, reti-
nal, or choroidal disturbance, has become an essential tool in 
the evaluation of patients with uveitis.

With the new high-penetration swept source OCT 
(SS-OCT) technology, the choroidal tissue can be analyzed 
easily, even in the presence of preretinal or intraretinal mod-
erately hyperreflective lesions. Thus, a complete map of 
macular choroidal thickness may be obtained to evaluate a 
certain case or even to monitor the therapeutic response of 

the choroid [1]. OCT can establish the diagnosis of a certain 
etiology based on pattern recognition of typical characteris-
tics and hallmark features. The main tomographic signs 
associated with uveitis can be classified into vitreomacular 
interface, retinal and choroidal thickness changes, and quali-
tative retinal and retinal pigment epithelium changes.

The present chapter aims to summarize the main SS-OCT 
changes in patients with intraocular inflammation: vitreo-
macular interface abnormalities; uveitic macular edema; 
inflammatory choroidal neovascularization; and a myriad of 
other retinal changes [2–4].
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16.1	 �Vitreomacular Interface 
Abnormalities in Patients with Uveitis

The swept source OCT imaging achieves a 12  mm-length 
scanning area. This is of great relevance in the assessment of 
the status of vitreomacular interface abnormalities. Besides 

the conventional vitreomacular adhesions and vitreomacular 
tractions (Fig. 16.1), patients with intraocular inflammation 
are at a higher risk of developing secondary epiretinal 
membranes (Fig. 16.2) [5].

Fig. 16.1  Subclinical broad 
vitreomacular adhesion in a 
34-year-old female with pars 
planitis. Visual acuity was 20/25

Fig. 16.2  Epiretinal membrane 
in a 56-year-old male with Eales 
disease treated with pan-retinal 
photocoagulation. Visual acuity 
was 20/40
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16.2	 �Uveitic Macular Edema

Morphometric macular changes can be easily observed and 
analyzed with SS-OCT. More than this, the follow-up of such 
changes makes it possible to reliably monitor the therapeutic 
response to any treatment administered with high precision.

Increased macular thickness in patients with uveitis may 
appear as one of three different patterns in SS-OCT images 
[6–10].

16.2.1	 �Diffuse Macular Thickening

Diffuse macular thickening is the most frequent pattern of 
uveitic macular edema, accounting for 55% of these cases. It 
is characterized by increased retinal thickness with distur-
bance of the layered retinal structure, or sponge-like low 
reflective areas, without intraretinal cystoid cavities, within 
the thickened area (Fig. 16.3).

Fig. 16.3  Diffuse macular 
thickening associated with 
inflammatory juxtapapillary 
choroidal neovascularization in a 
29-year-old female. Visual acuity 
was 20/30
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Fig. 16.4  Foveal cystoid macular 
edema in a 62-year-old female 
with chronic Birdshot choroidopa-
thy. Visual acuity was 20/40

16.2.2	 �Cystoid Macular Edema

Cystoid macular edema is present in up to 25% of cases of 
uveitic macular edema. Although it is usually associated 
with diffuse macular thickening, the presence of intraretinal 
cystoid spaces is associated with worse visual prognosis 
when compared to pure diffuse thickenings (Fig. 16.4). The 

response to local and systemic therapies of cystoid macular 
edema is usually good, but recurrences are frequent through-
out the follow-up. Although basically any intraocular inflam-
matory disease may associate cystoid macular edema, this is 
a typical feature of Birdshot choroidopathy [11, 12] and 
juvenile idiopathic arthritis [13].
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16.2.3	 �Subretinal Fluid

The presence of fluid between the photoreceptors and the 
retinal pigment epithelium is infrequent in patients with uve-
itis, accounting for 6% of all cases. However, the detection of 
subretinal fluid has a relevant prognostic impact, as it is the 
macular edema pattern associated with the worst visual 
outcome; therefore, therapeutic interventions should be 
considered immediately after diagnosing its presence  
(Fig. 16.5). Vogt-Koyanagi-Harada disease is characterized 

by a particular appearance of large subretinal fluid spaces 
fenestrated by fibrinous tissue associated with a significant 
increase of choroidal thickness; both findings respond to sys-
temic steroid-intensive therapy. Other entities that may 
exhibit subretinal fluid in the SS-OCT images are posterior 
scleritis [14], sympathetic ophthalmia [15], and neuroretini-
tis, among others [16].

In addition, choroidal involvement by granulomatous dis-
eases (Fig. 16.6) or lymphoproliferative disorders may also 
induce serous retinal detachment (Figs. 16.7 and 16.8).

Fig. 16.5  Subfoveal fluid 
associated with cystoid macular 
edema in a 38-year-old patient 
with posterior scleritis. Visual 
acuity was 20/6

Fig. 16.6  Subretinal fluid 
secondary to tuberculous 
choroidal granuloma in a 
27-year-old male with miliary 
tuberculosis. Visual acuity was 
20/20
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Fig. 16.7  Focal choroidal lesion in a 62-year-old male with systemic 
follicular lymphoma. Visual acuity was 20/20

Fig. 16.8  Subretinal fluid and 
severe choroidal involvement with 
the typical seasick appearance in 
a patient with extranodal marginal 
zone MALT lymphoma. Visual 
acuity was 20/200
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16.3	 �Inflammatory Choroidal 
Neovascularization

Choroidal neovascularization (CNV) is present in several 
intraocular inflammatory diseases (Fig. 16.9). The main 

uveitis associated with inflammatory CNV are multifocal 
choroiditis (30%), punctate inner choroidopathy (70%), 
and presumed ocular histoplasmosis syndrome (30%) 
[17–19].

Fig. 16.9  Illustrative cases of 
choroidal neovascularization 
(CNV) in patients with multifocal 
choroiditis. Top: Active CNV with 
ill-defined neovascular complex 
and cystoid macular edema 
(visual acuity 20/50); Middle: 
Inactive CNV with outer retinal 
tubulations and degenerative 
pseudocysts (visual acuity 20/30); 
Bottom: Consolidated and healed 
CNV with complete retinal 
pigment epithelium envelopment 
of the CNV and no evidence of 
neovascular activity (visual acuity 
20/20)
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16.4	 �Other Retinal Changes in Patients 
with Uveitis

16.4.1	 �Topographic Characterization 
of Chorioretinal Inflammation

The cautious observation of SS-OCT scans is useful in order 
to determine the exact composition of inflammatory lesions, 
thus making possible the differentiation between retinitis 
(hyperreflective lesions within the neurosensory retina), 
choroiditis (increased choroidal thickness with hyperreflec-
tive foci at the level of the choriocapillaris), and chorioreti-
nitis (combination of the aforementioned lesions) [20].

Also, there are some typical tomographic signs highly 
suggestive of particular entities: hyperreflective evanescent 
lesions on top of the retinal pigment epithelium (RPE), even-
tually in a columnar disposition, in patients with multiple 

evanescent white dots syndrome [21]; hyperreflective banded 
lesions from the inner plexiform layer to the outer nuclear 
layer in patients with acute macular neuroretinopathy [22].

16.4.2	 �Retinal Pigment Epithelium Atrophy

Chorioretinitis may lead to widespread punched-out lesions 
at the level of the retinal pigment epithelium that can be 
identified and evaluated by SS-OCT (Fig. 16.10). These are 
typical of multifocal choroiditis, punctate inner choroidopa-
thy, and presumed ocular histoplasmosis syndrome [23, 24]. 
Also, zonal atrophic lesions of the RPE may be observed in 
acute multifocal placoid pigment epitheliopathy (APMPPE) 
[25], acute zonal occult outer retinopathy (AZOOR) [26], 
and serpiginoid syndromes (serpiginous choroiditis, ampigi-
nous chorioretinopathy) [27].

Fig. 16.10  Atrophic changes at the level of the outer retinal layers, retinal pigment epithelium (RPE) and choroid in a 47-year-old patient with 
relentless placoid chorioretinitis (ampiginous choroiditis). Visual acuity was 20/25

R. Gallego-Pinazo et al.



157

16.4.3	 �Retinal Atrophic Changes

Retinal atrophy may develop secondary to vascular ischemia 
or to progressive atrophy of the choroid and the RPE.  In 
cases secondary to retinal ischemia, the area of thinning usu-
ally follows the involved vessels, making it easy to recognize 
the underlying process (Fig. 16.11). On the other hand, zonal 
atrophic areas correspond to the retina overlying atrophic 
choroid and/or RPE regions (Fig. 16.10) [28–30].

16.5	 �Assessment of the Choroid in Uveitis

Among the several goals of using imaging techniques in 
uveitis, one of the most important is to achieve a precise 
characterization of the pathologic processes that happen in 
the choroid. Angiographic techniques have traditionally 
been the only way to explore the choroid. Fluorescein angi-
ography is especially useful for retinal pathology, though 
signs of choroidal abnormalities may also be observed. 
Indocyanine green angiography reveals predominantly 
pathology of the choroid and has been shown to provide 
valuable data regarding pathogenesis and the monitoring of 
patients with uveitis. However, some caveats include that 
this technique is invasive, time-consuming, and difficult to 
perform repeatedly during the patient’s follow-up. Moreover, 
it does not provide sufficient information regarding cross-

sectional imaging of the choroid, and it does not provide 
quantitative data. Choroidal structure can be easily observed 
and analyzed by SS-OCT.  Moreover, measurement of its 
thickness can be performed. Hence, OCT is an excellent 
tool for both detection of inflammation and monitoring ther-
apeutic response, as it has been shown in several publica-
tions. Kim et al. [31] found greater choroidal thickness in 
patients with Behçet’s disease in active disease as compared 
to quiescent phase. Ishikawa et al. [32] assessed the effect of 
treatment with Infliximab in patients with Behçet’s uveitis 
by measuring changes in choroidal thickness. This treat-
ment reduced the choroidal thickness from week two after 
the first infusion and the reduced choroidal thickness was 
maintained thereafter. Zarranz-Ventura et  al. [33] showed, 
in a large series of patients with presumably inactive punc-
tate inner choroiditis, that one-fifth of the lesions analyzed 
by OCT revealed signs of activity (retinal pigment epithe-
lium elevation with underlying hyporeflective space). Sakata 
et al. [34] described a new OCT finding that may indicate 
ongoing inflammation in patients with Vogt-Koyanagi-
Harada (VKH) disease in the chronic stage consisting of a 
localized choroidal thickening or bulging. Sequelae of cho-
roidal chronic inflammation has also been assessed by 
OCT. Patients with ocular sarcoidosis present thinner cho-
roids in the quiescent stage [35]. Patients with longstanding 
VKH disease also have thinner choroids [36].

Fig. 16.11  Zonal retinal atrophy 
secondary to vascular ischemia 
due to thrombophlebitis second-
ary to Behçet disease in a 
48-year-old female. The atrophic 
changes are clearly visible 
rastering the superior temporal 
macular area (bottom image). 
Visual acuity was 20/80
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Central Serous Chorioretinopathy, 
Polypoidal Choroidal Vasculopathy, 
and Rare Cases Imaged with Swept 
Source OCT and SS-OCTA

Zofia Michalewska and Jerzy Nawrocki

17.1	 �Central Serous Chorioretinopathy

Central serous chorioretinopathy (CSC) (see Figs. 17.1 and 
17.2) is characterized by serous retinal detachment and is 
most often observed in young men. Gass [1] suspected that 
abnormalities of choroidal vasculature were primary to this 
disease. His suspicions were confirmed with indocyanine 
green angiography [2].

Choroidal thickness is crucial in distinguishing CSC from 
age-related macular degeneration (AMD) in doubtful cases. 
The choroid is always thickened is CSC (see Fig. 17.1, double-

headed arrow) and thinned in AMD. These suggest that CSC 
might be associated with increased hydrostatic pressure in the 
choroid [3]. As the disease is self-limiting in most cases, the 
common practice is to observe acute cases for about 3 months.

Treatment of CSC is still being discussed. Choroidal 
thickness does not decrease after laser photocoagulation, but 
choroidal thickness normalizes after photodynamic therapy 
(PDT). Theoretically, PDT should occlude only choriocapil-
laries without affecting deep choroidal vessels. However, 
Izumi et al. [4] reported that especially the diameter of large 
choroidal vessels decreased after PDT.
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Fig. 17.1  Central serous 
chorioretinopathy in swept source 
optical coherence tomography 
(SS-OCT). This image presents 
long-standing CSC with elongated 
photoreceptors (top arrow)
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Fig. 17.2  Central serous chorioretinopathy. Top left, Scanning laser 
ophthalmoscopy and fluorescein angiography showing pooling. Arrow 
added to the fluorescein angiography early phase indicates the spot to be 
lasered. Top right, SS-OCT before and after laser photocoagulation. 
Please note that choroidal thickness did not change after laser photoco-
agulation. Middle row, Swept source optical coherence tomography 
angiography (SS-OCTA) performed on the same day as fluorescein 
angiography. Middle row from left to right, Superficial retinal vessels; 
deep retina vessels (white arrow indicates the spot to be lasered, corre-
sponding to early phase of fluorescein angiography, the central area with 

decreased vessels visibility, marked with yellow lines, corresponds to 
serous retinal detachment); avascular retinal pigment epithelium; cho-
roidal vasculature presents a hyporeflective central area, corresponding 
to serous retinal detachment (yellow lines), additionally a dilated vessel 
(green arrow), which probably is leaking, attached to a hyporeflective 
spot (red arrow), probably the leakage site. Please note that in spectral-
domain OCTA leakage sites are very rarely observed [5, 6]. Bottom row, 
SS-OCTA after laser photocoagulation. Bottom row from left, Superficial 
retinal vessels; deep retina vessels (yellow arrow indicates the lasered 
spot); avascular retinal pigment epithelium; choroidal vessels
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17.2	 �Polypoidal Choroidal Vasculopathy

Fig. 17.3  Polypoidal choroidal vasculopathy. Top, SS-OCT image 
showing the double layer sign—typical for PCV. It seems as though the 
retinal pigment epithelium (RPE) is split into two layers, whereas in 
fact we can see RPE and Bruch’s membrane (BM). Another pathogno-

monic feature of PCV are polypoidal lesions filled with moderately 
hyperreflective material (asterisk) [7]. Middle, Fluorescein angiogra-
phy. Lower left, SS-OCT after photodynamic therapy in this patient. 
Lower right, Indocyanine green angiography
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17.3	 �Rare Cases Imaged with SS-OCT and SS-OCTA

Fig. 17.4  Morning glory 
syndrome in SS-OCT

Fig. 17.5  Acute macular neuroretinopathy. Upper left, Scanning laser ophthalmoscopy. Upper right, Visual field. Lower image, SS-OCT. Arrows 
indicate deformation of the outer plexiform layer
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Fig. 17.6  Optic disc edema in SS-OCTA

Fig. 17.7  Subfoveal melanoma after proton beam therapy
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Fig. 17.9  Stargardt disease. Photoreceptors and the external limiting membrane are absent in the fovea and present peripherally. Arrows indicate the 
margins between present and absent photoreceptors. Choroidal thickness is normal

Fig. 17.8  Retinitis pigmentosa. External limiting membrane and photoreceptors are visible in the fovea, but diminish peripherally. The 
choroid is thinned
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Fig. 17.10  Bilateral macular telangiectasia in SS-OCTA
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Swept Source OCT and Glaucoma

Kaweh Mansouri, Kirsten Hoskens, 
and Robert N. Weinreb

Glaucoma is a leading cause of blindness worldwide [1]. It is 
defined as a group of progressive optic neuropathies with 
characteristic retinal ganglion cell damage at the optic disc 
and a concomitant pattern of visual field loss [2]. Structural 
measurements have become more important for glaucoma 
diagnosis and follow-up. The introduction of optical coher-
ence tomography (OCT) has contributed to better under-
standing and management of glaucoma [3]. The assessment 
of structural damage of the retinal nerve fiber layer (RNFL) 
using OCT has become a critical part of glaucoma diagnosis 
and follow-up. The new generation of OCT, swept source 
OCT (SS-OCT), has recently been developed to enhance the 
visualization of the deep optic nerve head and deep parapap-
illary structures such as the lamina cribrosa (LC) and the 
choroid, which have been postulated to play a role in glau-
coma pathogenesis [4, 5].

18.1	 �Posterior Segment Imaging

Visualization of the deeper ocular structures has been 
improved thanks to the development of two different imag-
ing techniques, enhanced depth imaging OCT (EDI-OCT) 
and swept source OCT (SS-OCT). Spaide et al. first described 
the technique of EDI-OCT in 2008 to improve visualization 
of posterior ocular structures [6]. With this technique, the 
spectral-domain OCT (SD-OCT) device is pushed close 
enough to the eye to create an inverted fundus image, which 
places the deeper ocular structures closer to the zero-delay. 
Images acquired with EDI-OCT allow better visualization of 
the choroid, and choroidal thickness can be measured [7].

The new generation of high-penetration OCT, SS-OCT, 
has a longer center wavelength (1040–1060 nm instead of 
840  nm) to improve tissue penetration and allow better 
visualization of the deeper ocular structures such as the 
choroid [8, 9].

Light scattering and absorption at the photoreceptors and 
retinal pigment epithelium are limited due to the longer 
wavelength of this imaging technique [10]. Miki et al. [11] 
compared both imaging techniques, using subjective grading 
systems, and showed that both are useful for evaluating the 
deep optic nerve head and the deep parapapillary structures. 
Visualization of the prelaminar tissue surface was excellent 
with both EDI-OCT and SS-OCT.  Mean visibility scores 
were reported to be 1.04 in the EDI-OCT images and 1.02 in 
the SS-OCT images. The mean visibility scores for the ante-
rior laminar border (1.33), the posterior laminar border 
(2.10), and the laminar pores (1.99) were significantly better 
in the EDI-OCT images as compared to the SS-OCT images 
(mean visibility scores 1.52, 2.62, and 2.13, respectively). 
Mean visibility scores for the intrascleral vessels (2.26) and 
the choroid (1.02) were better in the SS-OCT images com-
pared with those in the EDI-OCT images (2.82 and 1.47, 
respectively).

The longer-wavelength light used in the SS-OCT makes 
the images less susceptible to scattering by the choroid and 
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the sclera and to absorptions by the retinal pigment epithe-
lium and the choroid. Park et al. compared the detection rates 
of identifying the posterior border of the sclera and LC using 
EDI-OCT and SS-OCT in myopic glaucoma patients [12]. 
The posterior borders of the sclera were visible in 31% of the 
eyes using EDI-OCT versus 53% of the eyes using 
SS-OCT. Imaging of the sclera in highly myopic eyes did not 
differ between EDI-OCT and SS-OCT. Since SS-OCT has a 
long width and depth of the scan window, it is possible to 
visualize the whole sclera at the posterior segment. The 
detection rates of the posterior border of the LC using EDI-
OCT (75%) and SS-OCT (81%) were similar. Interobserver 
intraclass correlation coefficients (ICC) were reported to be 
0.925 (95% CI, 0.846–0.963) using EDI-OCT and 0.929 
(95% CI, 0.862–0.971) using SS-OCT for subfoveal choroi-
dal thickness; 0.890 (95% CI, 0.742–0.908) using EDI-OCT 
and 0.897 (95% CI, 0.863–0.911) using SS-OCT for subfo-
veal scleral thickness; 0.906 (95% CI, 0.890–0.921) using 
EDI-OCT and 0.907 (95% CI, 0.895–0.930) using SS-OCT 
for laminar thickness. Intersystem ICCs were reported to be 
0.936 (95% CI, 0.936–0.978) for subfoveal choroidal thick-
ness; 0.769 (95% CI, 0.710–0.854) for subfoveal scleral 
thickness; and 0.900 (95% CI, 0.887–0.917) for laminar 
thickness.

18.1.1	 �Imaging the Lamina Cribrosa

The axons of the retinal ganglion cells converge to form the 
neuroretinal rim of the optic disc before exiting the eye 
through the LC, a scleral structure at the optic nerve head 
that is characterized by sheets of porous connective tissue. 
The LC is presumed to provide mechanical support to these 
optic nerve fibers within the deep optic disc region [13]. 
Structural thinning of the LC, via deformation and compres-
sion, has been associated with glaucoma [14, 15]. Changes 
in the LC pore shape and size also have been correlated with 
progression of the disease [16–18]. Overall, deformation of 
the LC likely impedes axoplasmic flow, disrupting transport 
of trophic factors important to survival of retinal ganglion 
cells [19, 20]. Thus, structural changes in the LC may play a 
role in neuronal death characteristic of glaucoma. Also, from 
a biomechanical perspective, the LC represents a discontinu-
ity in the spherical casing of the eye, which makes it more 
vulnerable to the stress-loading that may play a role in glau-
coma [21]. Therefore, understanding the forces that affect 
the structure of the LC will further elucidate the mechanisms 
of glaucoma.

Characterization of both focal defects and general mor-
phologic changes may provide valuable insight into specific 

glaucomatous mechanisms at this site of presumed axonal 
injury. A study evaluating focal LC defects in glaucoma 
using EDI-OCT reported the presence of various shapes of 
focal LC defects in 34 of 38 eyes with glaucoma, versus none 
in the healthy eyes. Altered laminar insertion was the most 
common type of defect identified (59%). Focal LC defects 
were demonstrated to have a good structure-function rela-
tionship with visual field (VF) defects. The location of the 
focal LC defect in either the superior or inferior half of the 
LC corresponded to visual hemifield with a greater sensitiv-
ity loss in the pattern deviation plot. The investigators 
reported the number of focal LC defects to be significantly 
correlated with the VF mean deviation (MD) before 
(p = 0.003) and after (p = 0.002) controlling for age [22]. A 
detailed study of the LC, however, requires accurate visual-
ization of this anatomical structure. SS-OCT has been devel-
oped to enhance visualization of posterior ocular layers, 
including the LC.

Earlier postmortem analysis of glaucomatous human 
eyes has shown morphological changes of the LC such as 
posterior displacement of laminar insertion [23]. Recent 
development of posterior segment imaging using SS-OCT 
has made the evaluation of the LC structure possible in vivo. 
The location of the anterior LC insertion has recently been 
shown to be more posterior in eyes with primary open angle 
glaucoma (POAG) as compared to healthy controls [24]. In 
another study, SS-OCT has been used to demonstrate that 
the peripheral LC was displaced more posteriorly in POAG 
eyes compared with age-matched healthy eyes [25]. The 
vertical peripheral LC was found to be located more poste-
riorly than the horizontal peripheral LC, and the vertical-
horizontal peripheral LC depth difference was significantly 
larger in POAG eyes compared to healthy controls. The 
authors suggested that the peripheral LC in the vertical 
meridian may have increased strain related to intraocular 
pressure (IOP) compared to the horizontal meridian in glau-
comatous eyes.

Focal LC defects have also been shown to be associated 
with glaucomatous optic neuropathy [22]. Takayama et  al. 
demonstrated that three-dimensional SS-OCT volume ren-
dering is also a useful method to identify focal full-thickness 
LC defects [26]. A focal full thickness LC defect was defined 
as a hyporeflective spot, much larger in size and much lower 
in reflectivity than a laminar pore, showing a full-thickness 
defect in the highly reflective LC on serial B-images. Two 
types of full-thickness LC defects were analyzed: the lamina 
cavity and lamina disinsertion. LC defects spatially corre-
sponded with clinical signs of localized glaucomatous dam-
age (neuroretinal rim thinning, localized RNFL defects, 
abnormal circumpapillary RNFL, and disc hemorrhages).  
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In multivariate logistic regression analyses, LC defects were 
significantly associated with concurrent or previous disc 
hemorrhages and longer axial length. Kim et al. [27] found 
that a focal LC defect was more frequently visible in eyes 
with a disc hemorrhage than in eyes without a disc hemor-
rhage (80.6% versus 39.7%). LC defects also showed a 
significant rate of spatial relationship with disc hemorrhages 
(62.1%).

Miki et al. [28] have shown LC defects to be associated 
with corresponding visual field damage in glaucomatous 
eyes and highly myopic eyes with glaucoma. LC defects 
could also be demonstrated in highly myopic eyes without 
any sign of glaucomatous optic neuropathy. It is still unclear 
whether these LC defects are pathologically related to glau-
coma or not. Since LC defects in myopia could be an early 
sign of glaucoma, evaluation of the LC seems to be impor-
tant in glaucoma and myopia patients.

Omodaka et al. [29] developed a new software to measure 
the average thickness of the LC within a validated area of an 
SS-OCT disc scan image. Reconstructed B- and en-face 
images could be synchronized and simultaneously visualized 
using this software. The anterior border of the LC was 
defined as the point where the pores became visible in the 
images, and the posterior border as the point where the pores 
ceased to be visible. Measurements of the LC thickness 
using this method of defining the outer border of the LC were 
found highly reproducible and correlated to glaucoma sever-
ity. The investigators reported a coefficient of variation for 
LC thickness measurements of 5.1%. LC thickness and cir-
cumpapillary RNFL thickness were shown to be closely cor-
related (0.64, p < 0.01).

SS-OCT enables good visualization of the anterior LC, 
while the posterior borders remain insufficiently visible in 
many eyes (Figs. 18.1, 18.2, and 18.3).

a b

Fig. 18.1  SS-OCT scans of optic nerve head of a healthy individual (a) and of a glaucoma patient (b). Both anterior and (to some degree) poste-
rior borders of the lamina cribrosa are visible
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Fig. 18.2  SS-OCT scan of optic nerve head of a healthy eye. Two graders independently used manual calibers to measure depth of the lamina 
cribrosa. At present, no automated segmentation is available for that purpose

Fig. 18.3  Three dimensional SS-OCT scan of optic nerve head of a 
glaucoma patient. Specific regions of interest can be exposed using the 
crop function
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18.1.2	 �Imaging the Choroid

The choroid is a vascular meshwork between the retina and 
sclera and plays a vital role in ocular metabolism, volume 
regulation, and temperature control. Abnormalities of the 
choroid have been implicated in several ophthalmic diseases, 
most importantly in the pathophysiology of retinal condi-
tions [30, 31]. In addition, changes in choroidal structure and 
function have also been postulated to play a role in glaucoma 
[32, 33]. Study of this structure was until recently limited to 
postmortem histological studies [32, 34] and ultrasonogra-
phy [35]. An important source of uncertainty about the 
cause-and-effect relationship of choroidal changes and dis-
ease processes arises from the lack of precision and effect of 
artifacts on these methods [36].

Imaging with SS-OCT has been shown to enhance the 
visualization of the choroid (Fig. 18.4). The use of SS-OCT 
has been evaluated in choroidal and retinal thickness mea-
surements. Automated measurements of choroidal and reti-
nal thickness have been shown to be highly repeatable [37]. 
The frequency and type of artifacts have also been assessed: 

the most frequent image artifact was signal loss resulting 
from blinking. Other artifacts that occurred were segmenta-
tion failure and motion artifacts. SS-OCT has been used to 
measure choroidal thickness in healthy and glaucomatous 
eyes [38]. A relationship was demonstrated between 
increasing age, longer axial length, and thinner choroid. No 
association was found between glaucoma and choroidal 
thickness after accounting for differences in age and axial 
length. Choroidal thickness has also been evaluated using 
SS-OCT after the water-drinking test [39]. The water-
drinking test has been used to estimate the magnitude of 
peaks in IOP, and consists of ingestion of 1000 mL of water 
within a period of 5–15 min. A consistent and statistically 
significant increase of peripapillary and macular choroidal 
thickness and volume after the water-drinking test has been 
demonstrated. However, this phenomenon was of small 
magnitude and unlikely to explain the observed IOP 
increase by itself.

To determine whether the choroid plays a role in glau-
coma, longitudinal studies are needed to evaluate the correla-
tion between choroidal changes and glaucoma progression.

Fig. 18.4  Three-dimensional SS-OCT scan of the macular region, 
showing the retina and choroid. The colored lines represent automated 
segmentation of the choroid
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18.1.3	 �Imaging the Retinal Nerve Fiber Layer

Less attention has been paid to the ability of SS-OCT to 
evaluate the RNFL, as it is widely presumed that no additional 
benefit for this parameter is provided compared to 
SD-OCT. Yang et al. assessed the ability of SS-OCT RNFL 
measurements to differentiate glaucomatous eyes from healthy 
eyes [40]. Wide-angle and peripapillary RNFL thickness were 
assessed. The diagnostic accuracy of the RNFL thickness 
measurements by SS-OCT was similar to that of peripapillary 
RNFL measurements by SD-OCT. The same group also eval-
uated the diagnostic ability of macular ganglion cell and inner 
plexiform layer measurements using SS-OCT [41]. The thick-
ness of the macular ganglion cell complex (mGCC) and the 
macular ganglion cell inner plexiform layer (mGCIPL) were 
shown to be significantly reduced in glaucomatous compared 
to healthy eyes. Diagnostic accuracies for both parameters 
from both SS-OCT and SD-OCT showed a similar ability to 
detect glaucoma as circumpapillary RNFL. Good diagnostic 
performance was also shown for early glaucoma.

18.2	 �Anterior Segment Imaging

Evaluation of the anterior chamber angle is an important part 
of glaucoma management and diagnosis. Although gonios-
copy remains the clinical gold standard for the visualization 
of the angle structures, anterior segment optical coherence 
tomography (AS-OCT) has become available for the evalua-
tion of the anterior chamber angle. This imaging technique 
enables the obtention of objective and reproducible measure-
ments of the anterior chamber angle, and has improved the 
diagnostic performance to detect angle closure [42].

Studies generally use the scleral spur as a reference point 
for evaluation of the angle. Parameters to measure the angle 
dimensions including the angle-opening distance, trabecular 
iris angle, angle recess area, and trabecular iris space area 
are measured with reference to the scleral spur [42]. The 
scleral spur may not always be visible with time domain 
AS-OCT [43, 44]. Using the Casia SS-OCT (Tomey, 
Nagoya, Japan), McKee et  al. [45] visualized the scleral 
spur in over 95% of all examined quadrants in HD scan 
images. In addition to the scleral spur, Schwalbe’s line and 
the Schlemm’s canal could also be visualized. Their visibil-
ity was influenced by the scan location and the scan density: 
images obtained with HD scan in the nasal and temporal 
quadrants had superior visibility of the angle landmarks 
compared with those obtained with LD scan in the superior 
and inferior quadrants. The ability to visualize both the 
scleral spur and Schwalbe’s line by SS-OCT makes it pos-
sible to measure the length of the trabecular meshwork. This 
may improve the precision of angle measurements and 
detection of angle closure [42].

Anterior chamber angle measurements using SS-OCT 
were shown to have low variability. Liu et al. [46] measured 
the angle opening distance, the trabecular iris space area, and 
the trabecular-iris angle at four quadrants, and found intra-
class correlation coefficients of all angle parameters to be 
≥0.83. Iris thickness, scan location, angle dimension, and 
axial length were associated with increased variance of angle 
measurements, but overall SS-OCT was found to be a reli-
able technique for the evaluation and measurement of the 
anterior chamber angle.

Peripheral anterior synechiae (PAS) are adhesions 
between the peripheral iris and cornea that can be found in 
different forms of angle-closure glaucoma. The fast scan 
speed of SS-OCT enables the acquisition of multiple high-
resolution cross-sectional images of the angle, and facilitates 
evaluation of PAS. Lai et al. used SS-OCT to evaluate the 
area and degree of PAS involvement in patients with angle-
closure glaucoma [47]. The measurements of the area and 
degree of PAS involvement were found to be reproducible. 
Synechial and appositional angle closure could be discrimi-
nated by variation of the lighting condition during OCT 
imaging: in appositional angle closure the angle is closed in 
the dark and open in the light, whereas in synechial closure 
the angle remains closed.

OCT evaluation of PAS has an advantage over gonios-
copy in that it is a non-contact method and provides precise 
quantitative measurements of PAS.  These measurements 
could be useful in the monitoring of PAS progression over 
time. Another group evaluated the use of SS-OCT in detec-
tion of iridotrabecular contact (ITC) in eyes with shallow 
peripheral anterior chamber and compared the results to 
these obtained with ultrasound biomicroscopy (UBM) [48]. 
The prevalence of ITC, which involves both PAS and appo-
sitional angle closure, in eyes with shallow peripheral ante-
rior chambers was found to be significantly higher with 
SS-OCT as compared to UBM under light conditions, but 
not under dark conditions. The ITC range evaluated by 
SS-OCT was greater in the dark than in the light. PAS-
positive eyes had a greater range of ITC than PAS-negative 
eyes under light conditions.

The high scan speed of SS-OCT also facilitates a more 
complete imaging of the iris and measurement of iris 
volume as compared to time-domain OCT.  Mak et  al. 
measured iris volume using SS-OCT and assessed the rela-
tionship with primary angle closure [49]. A larger iris vol-
ume was found to be associated with a smaller angle width, 
a smaller pupil diameter, smaller anterior chamber vol-
ume, and a longer axial length. After pharmacological dil-
atation, mean iris volume significantly decreased in all 
eyes independent of angle status (angle closure, POAG, 
and normal eyes). From light to dark 19.4% of angle clo-
sure eyes, 16.7% of normal eyes, and 19.4% of POAG eyes 
showed an increase in iris volume. SS-OCT iris volume 
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measurements can provide useful information for a better 
understanding of the pathophysiology of angle-closure 
glaucoma.

�Conclusion

In conclusion, SS-OCT has the potential to add important 
information to the understanding of structural changes in 
glaucoma. Longitudinal data are needed to evaluate its 
benefits in respects to SD-OCT for the diagnosis and 
management of glaucoma.
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