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Disclaimers

I am not a retinal physician and know my
boundaries

This presentation is the WHAT and Why,
not the How

This presentation is instrument agnostic

I have no financial stake in any imaging
company, alas....

1 have 45 minutes to cover a subject of
which any one portion could be a
lifetime of study... give me a break...

Don’t worry about notes- you will get
the full lecture to look back and review




What’s Changed in 5 Years?

A lot!
- Speed ( speed = higher
resolution )

- Size (Widefield )

« Software
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« Ease of Use

 Reduction of Price of
Instrumentation

+ Abilling code! 92137
effective January 1, 2025.

Current Procedural Codes

* CPT code 92137 is a Current Procedural Terminology (CPT)
code for OCTA of the retina.

+ OCTA 92137 cannot be billed same day at 92133 ( RNFL
OCT ) or 92134 ( Retina OCT)

* CPT code 92137 can be billed with fluorescein angiography
(FA) code 92235, indocyanine-green (ICG) angiography
code 92240, or combined FA/ICG angiography code

92242.

« Combined FA/ICG angiography code 92242 is a CPT code
for a combination of fluorescein angiography and
indocyanine-green angiography.

+ CPT code 92137 can be billed separately from these other
codes when performed during the same encounter.

Where We’ve Been
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From Humble Origins... 1990’s

The first in vivo retinal images ( OCT )
were obtained in 1993 by the first
collaborative group at MIT and
National Electronic Engineering labs

The MIT study used the prototype
which had a high-speed scanning
delay (160 mm/s) enabling rapid
image acquisition and real-time
display, including software correction
of axial eye motion.

“We were excited,

. The First OCT: This system was
but the U’tlmate designed for use at the National
[} Electronic Imaging / NEC, MIT and
C"nlca’ use was imaged several thousand patients
unc’ear" during the mid-1990s. Image courtesy of
Eric Swanson.
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58 years of Fluorescein Angiography

Why We Still Need IV
Hemodynamic Studies

angiography (FA) and
indocyanine green
angiography (ICGA) are

choroidal circulations,
respectively.

an adjunct for dye
angiography, not yet a
replacement, in many
common cases

Conventionally, fluorescein

used for qualitative clinical

assessment of retinal and

OCTA should be considered




FA" stands for "Fluorescein Angiography" and "ICG" stands for
"Indocyanine Green Angiography," both being imaging tests used
to visualize the blood vessels in the retina and choroid of the eye.
FA primarily lookes at the retinal circulation while ICG focuses on

the deeper choroidal circulation
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OCT-Angiography

« OCTAis non-invasive and provides static
volumetric angiographic information
depicting a snapshot in time of blood flow.

« OCTA provides highly detailed images of
flow in the superficial retinal capillary plexus
in addition to the intermediate and deep
retinal capillary plexuses, the radial
peripapillary network and choriocapillaris.

11
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OCT vs. OCTA

OCT: Illustrates ANATOMICAL OCTA: Illustrates VASCULAR
Structure ( Morphology ) Structure ( Flow )

: '—{-'j/-

OCTA is an extension of OCT. They are complimentary and in
some instruments have been combined to provide both

2/27/25
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FA/OCT/OCTA:
Why Do We Need Any of It?

+ Microvascular disease is a major cause of blindness in the world

+ This includes: Diabetic Retinopathy, ARMD, Retinal Occlusions,
Choroidal Neovascularization to name a few....

« Therefore: Imaging modalities for prognostication, diagnosis,

and disease progression can be paramount for reducing
blindness. '
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OCTA: Basic Principles

Ever feel like this with new technology?
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OCTA-What Do You Get?

« Noninvasive 3D angiograms
of the retinal and choroidal
vasculature

+ Super high resolution
images

+ Images depth encoded to
show what depth pathology
is in retina, provided no
artifacts

No, your SD-OCT cannot do
this
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OCT Angiography: Principles

+ Uses the motion of red blood cells by analyzing the changes in
reflectivity and light scattering from sequential, repeated B-scans
performed in the same location

= Moving erythrocytes cause a time dependent backscattering of the
OCT signal, which manifests as differences among the tens of
thousands of repeated B scans

-+ Turns those pixels into high resolution images of capillary blood flow

OCTA works by scanning the same location on the retina Fast axis X
multiple times consecutively in rapid succession

As the scanning beams enter the eye, areas with no
movement will always reflect light the same way. However,
moving structures (such as red blood cells) will reflect light
differently between each B-scan.

These B-scans are then compared against each other. After
eliminating the effects of bulk motion such as head
movements or saccades, any residual differences between
the scans are thought to be due to blood flow, and hence
indicate the location of a perfused blood vessel

These “decorrelation signals” create a vascular map called
an OCT angiogram

Areas with blood flow appear bright, whereas dark areas
indicate no flow (or flow that is too slow to detect).

18
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At each location in a volume scan multiple B-scans are obtained and compared. Regional
variation in images is inferred to represent motion.
As OCTA is based on motion detection, the acquisition time is limited by how long the
patient can keep his or her eye open without blinking.
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Erythrocyte Flow on B-Scan

Red : pre RPE flow Green: sub RPE flow

T

OCTA analyzes not only the intensity of the reflected
light but also the temporal changes in the reflection
caused by moving particles, such as erythrocytes
flowing through vessels

21



Black ( Static ) / White ( Flow )

Because the particles
moving in blood cause
the most variation in
the phase and
intensity of
backscattered light,

blood vessels appear
the brightest on OCTA
images, while static
tissue (retinal
structures, non-
moving structures)
appear dark.

2/27/25
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What About Slow Flow?

* Due to the fast scanning speed of OCT,
areas with slower flow may not have
enough difference between successive B-
scans to meet the OCTA detection
threshold.

* Therefore, any flow that is slower than the
detection threshold will not be shown on
OCTA images, and will appear dark.

* Examples of areas with slow flow include
intraretinal fluid, some microaneurysms,
and hemorrhages.

* However, many of these areas can be

visualized on the B-scan

Image: “Overview of OCTA, California
Optometric Association 2016
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The Language of OCTA Real Estate

Vessel density (VD): the
percentage of area occupied by
vessels, pictured by lighter tones
of grey

Whole-image VD: the VD detected
in the entire scan (whole-image
optic disc, whole-image macular
scan, etc.)

Peripapitary VO

Inside-disc VD

Peripapillary VD: the VD within a
750-pum-wide annulus extending

from the optic disc boundary. Foveal avascular zone

Parafoveal VD: the VD between Parafoveal VO

two circles centered in the fovea
with diameters of 1 mm and 3 mm

Perifoveal VD: the VD within
diameters of 3 mm and 5 mm.
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i
A network of vessels in the body
An intricate network or web like formation

Plexus or Vascular Complex

Vitreoretinal Interface

Superficial

Vessel density
and flow index
are two
commonly used
metrics which
can be obtained
from the en
face angiograms.

En Face
( French for “to
face forward”)
flow by “slab” or
layers

26

Bruch’s
memb

retinal pigment epithelium (RPE)~

27



2/27/25

Superficial Plexus ( ILM, RNFL, GCC)

B.  Intermediate Plexus (border of the inner plexiform
layer (IPL) and inner nuclear layer (INL)

¢ Deep Plexus of Inner Retina (the border of the INL
and outer plexiform layer (OPL) are

D.  Outer Retina ( OPL to Bruch's )

E. | Choriocapillaris (10-um slice directly below Bruch's
— membrane )

Superficial and
deep retinal
capillary
plexuses may be
affected
differently by

retinal vascular Vascular abnormalities in the

diseases such as superficial and deep retinal layers
in RVO

Vein Occlusion

29

Resolution

Highest resolution

) . 2x Oversamplin; 2x Oversampling
Lower motion artifact due to 3 g Wider area, but least
tighter scan spacing Anice compromise amount
Faster scan speed between of resolution
Greatest amount of data 3x32and 8x8
4 x oversampling compared Most systems acquire about 70,000
To 6x6 or 8 x8 (2x scans per second!

oversampling)

30
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Flow is Powerful:

Color Coding for Depth

+ Depth encoded,
color coded for
depth

- Easier to interpret

-+ Leads to clinical
advances

Optovue Angioview Image

Pathology Driven Choices:
Does Size Matter?

3Xx3mm 6 X6 mm 8 x8 mm

Great for discrete Wider view, good Resolution drops
pathology for PDR, RVO away, but
Think AMD Best for peripheral
information

32

Yangiofows LN /o angloriow e Ty v

Microaneurysms ( circles ) vs Capillary Dropout ( asterisks)

33
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Wide Field View...by Montage

Optovue Angiovue combined Angio Retina and A
10x 6 mm view
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Montage Image: Greg Hoffmeyer, Zeiss
1/ & N7

OCTA Limitations & Artifacts

Spaide, Richard F.; Fujimoto, James G. and Waheed, Nadia K. “IMAGE
ARTIFACTS IN OPTICAL COHERENCE TOMOGRAPHY ANGIOGRAPHY.”
Retina 35, 11 (November 2015): 2163-2180 © 2015 Ophthalmic

Communications Society, Inc As Published http://dx.doi.org/10.1097/iae.
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Eye Movements: The White Line

A require re-scanning the same retinal position multiple times. Thus, poor visual =
acuity and limited fixation in some cases may affect the quality of the image,
more so with OCTA than with IV FA

Motion Artifact: The Black Line

The instrument(s) cannot detect
movement when the patient closes the
eye, so the OCT Angiogram will be
marked with a black horizontal or vertical
line (complete “absence” of flow).

LEAKAGE

FLOW, not

2/27/25
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Leakage-Macular Edema

While OCTA can visualize the blood vessels in the retina very well, it
cannot directly detect fluid leakage, which is a key factor in causing
macular edema, therefore limiting its ability to fully assess the
severity of the condition in cases where leakage is significant; often
requiring additional tests like OCT or fluorescein angiography to
identify leakage areas

2/27/25

40

Leakage-Diabetic Retinopathy

¢ Saed R I,
OCTA is not able to image leakage. In addition, staining, pooling, and vessel filling time are also not

features of OCTA. However, this also means that vasculature below an area of fluid, which would
otherwise be obscured by dye leakage with FA, can be seen on OCTA.
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Floaters: False Negatives

When there are dark areas on the OCTA en face image, sometimes it is not possible
to distinguish between media opacities and true capillary non perfusion based on
the OCTA image alone.

Media opacities can be seen on the B-scan as a dark shadow, whereas capillary non
perfusion will not affect the brightness of the B-scan. This confirms that the dark
area on the angiogram is the result of a floater, not capillary non perfusion.

14
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Automated Segmentation

OPL

RPE -70um

RPE +29 um

RPE +49 um

RPE +64 um

RPE +115 um
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Segmentation Challenges

Each instrument has a different formula for
how it divides the superficial capillary plexus
from the deep capillary plexus

March 2017
Evaluation of Segmentation of the Superficial and
Deep Vascular Layers of the Retina by Optical Co-
herence Tomography Angiography Instruments in
Normal Eyes

Crvisting A. C

44

There appears to be an area within
the inflammatory lesion that looks
uspicious for choroidal

eovascularization.

* The appearance of the
OCTA en face image is
dictated by its
corresponding slab,
whose upper and lower
boundaries are defined by
segmentation lines.

* Therefore, any errors in
segmentation will cause
the en face angiogram to
be displayed incorrectly.

* Checking segmentation is
important when
evaluating OCTA images,
and gives the clinician
more confidence in the
angiogram’s findings.

However, a closer look at the B-scan After the segmentation s corrected,
reveals an error in segmentation in that the bright area on the angiogram is no
same area. longer present

45
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The Computer Isn’t That Smart...

Biometric Limitations

Measurement results ( biometrics ) have proven to vary
widely on the basis of the OCTA device, scan size and
binarization threshold approaches, thus results are not
homogenous. No standardization!

A mandatory preliminary
step of OCTA quantification
is image binarization, a
procedure used to highlight
retinal capillaries on empty
background. Although
several binarization
thresholds exist, no
consensus is reached about
the thresholding technique
to be used

47
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Interpretation of OCTA
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Evolution of Interpretation

+ 50 years to refine FA interpretation
+ 25 years to refine OCT interpretation
« Physicians doing a lot of OCTA are in the

process of adopting new expertise over time

« We need to learn an entirely new set of

descriptive terms- we need a new language

+ Quite a bit of subjectivity at the moment
between observers- we had the same problem

2/27/25
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Launched in 2015 at the AAO in Las Vegas

The Evolution of OCTA

The Dawn of Swept Source OCTA

The latest improvements in OCT Angiography (OCTA) include:

* Increased imaging speed and field of view thanks to
advanced swept-source OCT technology

* Improved algorithms to reduce motion artifacts,
enhanced ability to quantify blood flow dynamics with
variable interscan time analysis (VISTA)

* More sophisticated software for automated analysis of
microvascular changes in various retinal diseases

All contributing to higher resolution, more
accurate detection of subtle vascular
abnormalities, and wider clinical applications

51
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Swept Source OCT

SS: swept source, FC:
fiber coupler, PC:
polarization controller,
DBD: dual balanced
detector, DC:
dispersion control, L1-
L4: achromatic

doublets.

52

The Need for Speed
100,000 - 400,000 sweeps per second !
Translates- wider and higher resolution

With Speed, Comes Width

Expanded field (EF)
(60-90 degrees or
approx. 12x12 mm)

Widefield (WF) (at
least 90 degrees or
23X20 mm)

Ultra widefield (UWF)
('more than 100
degrees or 31x27 mm
montage )

Inconsistencies in the nomenclature of
wide-field imaging are still present in the
ophthalmological literature

54
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Software Improvements to OCTA

Advanced image processing algorithms:

Newer algorithms like split-spectrum amplitude decorrelation
angiography (SSADA) provide improved signal-to-noise ratio and
better detection of slow blood flow, leading to more accurate
microvascular imaging.

Motion artifact reduction:

Sophisticated software techniques are being developed to minimize
the impact of eye movement during scanning, improving image
quality and reliability, especially in patients with difficulty maintaining
fixation.

Quantitative analysis:

OCTA systems now offer advanced tools to quantify parameters like
perfusion density, vessel diameter, and flow velocity, allowing for
more objective disease monitoring and progression tracking.

55

Widefield: Challenges & Limi

Image quality / resolution particularly in periphery

More susceptible to motion artifact than traditional SS-
OCTA.

Involuntary eye movements and blinking may consequently
lead to the distortion or misinterpretation of vascular
structures.

Choriocapillaris which is more affected by motion artifact
than superficial layers

Cost of the devices
Interdevice variability

Variability in image protocols, resolution, and software
algorithms between devices

56

Ultra-widefield OCTA covering a range of 26 mm
x 21 mm (130°) with one single scan

2/27/25
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Variable Interscan Time Analysis

(VISTA)

This technique allows for dynamic assessment of blood flow by varying the

time between scans, potentially providing more detailed information about
microvascular function.

By capturing OCTA images at different interscan times, VISTA can estimate
relative blood flow speeds within the retinal capillaries, which standard
OCTA alone cannot readily provide.

2/27/25

OCTA with 3.0 ms interscan VISTA image with red vs
time, mean projection blue false color indicate
through ~90 pum slab below faster vs slow erythrocyte
Bruch's membrane. speed.
59

Flow, not Leakage

New growth of Vessels

Best Applications for OCTA

20



Common Clinical Applications

+ In wet age-related macular degeneration, OCTA
segmentation can help isolate the choroidal neovascular
membrane (CNVM) at the level of the RPE

+ In diseases such as retinal vein occlusions and
proliferative diabetic retinopathy, neovascularization
typically occurs in the preretinal space where fine vessel
details are not affected by dye leakage as in the FA
image

OCTA shows good agreement with FA in visualizing
areas of ischemia.

61

The Role of OCTA for Diabetes

Half of the adult USA population is either diabetic or Pre diabetic according
to the ADA (2018 study)

Pre Diabetes is where OCTA screening shines- early vascular changes in the
microvasculature

Imaging and measurement of the central macular foveal avascular zone is
where the research is focused... ..

62

OCTA vs. FA for NPDR

Conventional FA
Heidelberg Spectralis

Optovue Angiovue OCT-A
3x3 cube
Inner retina showing
diabetic microaneurysms

2/27/25
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Non Proliferative Diabetic Retinopathy

Diabetic vasculopathy typically
develops much sooner than DR
becomes clinically apparent

FA primarily images only the
superficial retinal plexus

OCTA can detect early changes
the deep plexus IPL and OPL

Changes in the deep vasculature
have been shown to be
associated with the evolution of
DME

Enlarged or Irregular FAZ,
peri macular ( juxtafoveal)
ischemia

Correct OCTA terminology is
“diminished flow’ not ischemia

64

Yellow dashed lines: regions of non-perfusion
Radial peripapillary capillaries (RPC) only seen in OCTA

65

Enlargement of the FAZ

Severe

Research pints to evidence that patients with DR

have larger FAZ sizes as well as FAZ remodeling

and subtle capillary non perfusion, not apparent
on conventional FA

66
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OCTA for NVD ( Neovasc of Disc )

This patient with diabetes was found
to have questionable early
neovascularization of the disc.

(A) A color photography of the disc
with the area in question defined by
the white arrow is limited in quality
and funduscopic views due to dense
posterior capsular opacity.

(B) Segmentation en face OCT-A with
the white arrow exposes an early tuft
of neovascularization.

(C) The segmentation boundaries
corresponding to the en face OCT-

(Arrow ) Note an anterior layer of
tissue within the cup that represents
the neovascular membrane.

“Imaging Motion: a Review of OCT-A"
March 15, 2017
Review of Optometry
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Cannot ( Yet ) Image Macular Edema

OCTA en face image of the retina of a
patient with diabetic macular edema.

Retinal ischemia around the FAZ can
be seen, but intraretinal fluid and
leakage are not visible. However,

SIZE of FAZ is highly variable even in

healthy exams

B-scan shows intraretinal fluid at the
Optometric Association 2016

Image: “Overview of OCTA, California ‘

macula.

68

OCTA of the Choroid

Will OCTA replace ICG for Choroidal Imaging?

2/27/25

23



Imaging Choroidal Vasculature

Indocyanine Green Angiography
f ICG )isa cofmbina ior%ofp | (
rescen m the retin
vascﬁggtSrgetolcgeetﬂ%r wptT\ t atgrom

the underlying co ex, 3-
vasCular Strutture OF e chbroid
Up until the advent of OCTA, the
only imaging modality to
illuminate choroidal circulation

+ Greater risk of adverse side
effects-1:300,000 severe
anaphylactic reaction

+ Injectable Contrast medium
(indocyanine green ) is
expensive!!!

+ Technique requires special
imaging techniques, special
equipment, greater skill in
imaging

2/27/25
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Where OCTA Shines: CNV

OCTA may be able to detect early
CNV prior to visualization on FA
and/or clinical inactivity after
therapy

Because OCTA is non-invasive, it
can be repeated frequently to
closely monitor anti-VEGF
treatment response by changes in
subretinal and intraretinal fluid as
well as CNV size and morphology.

In contrast, CNV appears as
leakage on FA, making exact
delineation of the vascular net
difficult and preventing precise

Not practical to perform FA on patients when they
come in every month for anti VEGF IVI, but you can perform “ N
OCTA for monitoring change... procedure to “Smoke out

Usually requires more intensive ICG

monitoring of CNV size and density.
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Type 2 CVN

Conventional. OCTA of Choroidal Plexus
Intravenous Sodium

Fluorescein Angiogram

24



Impossible Venipuncture

Obese patient with impossible venipuncture
Monocular- information imperative
Oral FA inconclusive- but! OCTA showed CNV

Better Choroidal Visualization

7 2L VI L
SS-OCTA: 5 9mm X 9 mm scans Choroidal vasculography created from the
montaged into a 14mm x 14 mm image structural data of the same scan.

Image Source: pt Source OCT
Madrid Spain. February 2017 wwwISSOCT.com.
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The word
"OptiC"
comes

from the
Greek

"optikos",

pertaining

to sight.

OCTA of the Optic Disc

2/27/25
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ONHead or Disc vs. Optic Nerve

OCTA, when used to examine the optic disc and nerve, provides a detailed,
non-invasive image of the blood vessels within this area, allowing doctors to
assess microvascular changes that may indicate underlying diseases like
glaucoma, optic neuropathy, or other conditions affecting the optic nerve
head, by visualizing the blood flow and vessel density in the region.

2/27/25
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OCTA & Optic Nerve Disorders

Optic nerve disorders can have many causes,
including poor blood flow, inflammation, genetic
conditions, and exposure to toxins.

- Poor blood flow:

* Ischemic optic neuropathy: The most common cause of
optic nerve atrophy, which is damage to the optic nerve

- Diabetes: The risk of optic nerve damage increases as
diabetes worsens

+ Glaucoma: Peripapillary perfusion ( pRNFL ); macular
ganglion cell inner plexiform layer ( MGCIPL )

77

OCTA and Glaucoma

26
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Vascular & Mechanical Theories

- The mechanical theory explains apoptosis by
disruption of the axonal transport of retinal ganglion
cells (RGC) at the lamina cribrosa secondary to
relatively elevated intraocular pressure (IOP). The
lamina cribrosa becomes thinner and deformed,
increasing the Cup / Disc ratio, impeding axoplasmic
flow within the optic nerve fibers, ending with RGC
apoptosis

+ Vascular theory: decreased ocular blood flow and optic
nerve perfusion result in RGC apoptosis, secondary to
mechanical effects such as IOP or systemic effects such
as cardiovascular risk factors.

79

OCTA As A Part of the Trinity

In Glaucoma, one
looks for an

association £ {1
between: W L
+ OCTA changes
(vascular
perfusion)

» OCT changes
(structural )

« Functional
(VF) decline
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IV FA vs. OCTA of the Disc

OCTA for ONH: The perfect imaging modalities that ties together structure ( microvasculature)
and function ( perfusion) Will OCTA be the next “Screamometer” for Glaucoma?

27



Modified Garway-Heath Method

2/27/25

PACG eye with significantly lower vascular perfusion
in every sector of the optic area and macular area
(except the nasal sector of parafoveal)

83

The Future Looks Bright
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Best Practices: Your Role

Standardization is needed across the whole OCTA measurement pipeline thus, it is recommend
adoption of a standard protocol for imaging patients:

Pupil dilation before OCTA examination (after careful assessment by the treating physician for
potential harmful side effects) and lubricating eye drops (for subjects with an unstable tear
film)

Imaging in a dark room with OCTA imaging head adjusted to ensure subject comfort; subject
fixation on a central target and requested to refrain, where possible, from blinking; and
imaging conducted by well-trained OCTA imagers.

OCTA images should be reviewed immediately post-measurement and repeated if determined
to be inadequate.

Patients attending single clinics should be imaged on the same device with the same protocols
to increase the accuracy of comparison between visits

Viewing en face OCTA maps should always be performed in concert with inspection of 3D and
single B-scan OCT quality and segmentation results to ensure correct image interpretation’.
Ideally, OCTA instrument vendors would harmonize training to follow standardized

approaches to data collection, analysis and interpretation.
Richard Rosen, MD
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Summary

+ Inthe near future, OCTA-derived measurements
may serve as additional parameters that we could
use in conjunction with current OCT derived
measurements in retina, glaucoma and neuro
specialties and VF functional mapping.

+ OCTA may become, in the near future, a regularly
utilized, essential examination tool for the
diagnosis and follow-up of many common
diseases and disorders
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Peruse the Literature: Book or Internet

Ophthalmic
Imaging

Darrin A. Landry, CRA, OCT-C
Amir H. Kashanl, MD, PhD
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