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Abstract

Background and Objective—To investigate the potential of ultrahigh-speed swept-source
optical coherence tomography angiography (OCTA) to visualize retinal and choroidal vascular
changes in patients with exudative age-related macular degeneration (AMD).

Patients and Methods—Observational, prospective cross-sectional study. An ultrahigh-speed
swept-source prototype was used to perform OCTA of the retinal and choriocapillaris
microvasculature in 63 eyes of 32 healthy controls and 19 eyes of 15 patients with exudative
AMD. Main outcome measure: qualitative comparison of the retinal and choriocapillaris
microvasculature in the two groups.

Results—Choroidal neovascularization (CNV) was clearly visualized in 16 of the 19 eyes with
exudative AMD, located above regions of severe choriocapillaris alteration. In 14 of these eyes,
the CNV lesions were surrounded by regions of choriocapillaris alteration.

Conclusion—OCTA may offer noninvasive monitoring of the retinal and choriocapillaris
microvasculature in patients with CNV, which may assist in diagnosis and monitoring.

Introduction

Exudative age-related macular degeneration (AMD), a pathology characterized by choroidal
neovascularization (CNV), is a leading cause of vision loss and impairment in developed
countries. Optical coherence tomography (OCT) has proven to be a valuable tool for
imaging anatomic changes associated with accumulation and resolution of macular fluid in
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patients with CNV, both before and after treatment with inhibitors of vascular endothelial
growth factor (VEGF).1*4 Until recently, OCT has been unable to visualize the pathological
vascularization that is the hallmark of exudative age related macular degeneration
(AMD).>8 Instead, fluorescein angiography (FA) and indocyanine green angiography
(ICGA) have been the clinical modalities used to image neovascularization in the retina and
choroid.”8

Exudative AMD results from abnormal growth of choroidal blood vessels through Bruch's
membrane and into the sub—retinal pigment epithelium (RPE) and subretinal space. The
abnormal vasculature associated with exudative AMD can cause severe vision loss.
Fortunately, the introduction of anti-VEGF medications has greatly improved the prognosis
for patients with exudative AMD.%-1% While fluorescein angiography (FA) allows
visualization of CNV lesions, visualization of the choriocapillaris and choroid using FA is
hindered by two properties of fluorescein: (1) its blue-green excitation wavelength is
partially absorbed by the macular xanthophyll and RPE, and (2) approximately 20% of the
injected fluorescein does not bind to albumin and is free to leak out of the choriocapillaris
fenestrations, which creates diffuse hyperfluorescence, obscuring the vasculature.18 In
contrast, ICGA allows visualization of choroidal circulation because its near-infrared
excitation wavelengths are not as readily absorbed by the macular xanthophyll and RPE, and
approximately 98% of the injected indocyanine green is bound to plasma protein, preventing
it from leaking out of the choriocapillaris fenestrations.18 ICGA has also been shown to be
capable of visualizing the choriocapillaris circulation.}” However, because ICGA is not
depth-resolved, the task of separating choriocapillaris blood flow from that of deeper
choroidal vasculature is complex and may only be possible if it is assumed that the blood
flow velocity of the larger choroidal arteries is small compared to that of the
choriocapillaris.17:18

Histopathologic studies in patients with CNV have shown that the lesions are associated
with regions of normal RPE.19-21 The area of choriocapillaris loss extends beyond the area
of CNV and it has been hypothesized that choriocapillaris degeneration results in ischemia
in the RPE, which in turn causes the RPE to produce angiogenic factors that stimulate
neovascularization.19 While OCT studies have investigated choroidal thickness in exudative
AMD, 2223 cyrrent-generation OCT imaging provides insufficient detail to visualize in vivo
the choroidal changes associated with exudative AMD.

OCT angiography (OCTA) is a recently developed imaging technique that generates three-
dimensional microvascular angiograms in vivo, rapidly and without injection of exogenous
dyes. OCTA is based on the fact that stationary tissue generates a time-independent B-scan
image, whereas flowing blood motion generates a time-dependent B-scan image.24-34 That
is, if repeated B-scan images of stationary tissue are acquired at the same location over time,
then each of the B-scans will be identical. If, however, there is motion in the tissue, caused
for example by flowing erythrocytes, then B-scans acquired at the same location but at
different times will differ. These differences can be quantitatively described by a
decorrelation signal that has the property that large differences (corresponding to fast flow)
generate high decorrelation, and small differences (corresponding to slow flow) generate
low decorrelation. A number of different techniques for quantitating the decorrelation signal
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have been demonstrated.24-34 Because OCT angiograms are derived from repeated intensity
B-scans, they are intrinsically co-registered with structural data. OCTA therefore enables
simultaneous assessment of structure and microvasculature.

The retinal and choriocapillaris microvasculature is predominantly oriented along the en
face direction, which means dense volumetric scanning of the macula is needed because
each pixel in the en face image requires and axial scan. Furthermore, OCTA requires
acquisition of repeated B-scans at each location. Taken together, the dense and repeated
scanning protocol of OCTA necessitates higher imaging speeds than those used for
traditional, structural OCT. The need for ultrahigh imaging speeds has created a gap
between the technological development and the clinical application of OCTA, and only
recently has OCTA been used to image small numbers of patients with exudative AMD. In
2013, Hong et al published results of 11 eyes with exudative macular disease.® In 2014,
Schwartz et al reported imaging results from one healthy subject, one patient with dry AMD,
one patient with exudative AMD, and one patient with nonproliferative diabetic
retinopathy.3% Also in 2014, Jia et al demonstrated OCTA in the retinas of five healthy
participants and five patients with exudative AMD.® These prior studies are limited by their
relatively small number of patients as well as the small field sizes of the investigative
devices used. OCTA is expected to enter the commercial market with the introduction of the
70 kHz Avanti RTVue XR equipped with the prototype AngioVue software (Optovue,
Fremont, CA), which will facilitate wider-spread clinical access to OCTA.

Our group has demonstrated ophthalmic swept-source OCT (SS-OCT) using a vertical
cavity surface emitting laser (VCSEL) swept light source.38 Additionally, our group has
recently developed a phase-stabilized prototype system with a 400 kHz A-scan rate,
approximately five to 10 times faster than standard commercial systems.3”

The purpose of the present study is to assess the ability of ultrahigh-speed swept-source
OCTA to visualize CNV lesions and the underlying choriocapillaris in patients with
exudative AMD. Because OCTA enables visualization of co-registered three-dimensional
retinal and choroidal microvasculature, it is well-suited for assessing the association
between CNV and the underlying choriocapillaris in vivo. Utilizing the ultrahigh 400 kHz
A-scan rate, abnormal CNV vasculature and choriocapillaris were simultaneously visualized
over wide, 6 mm x 6 mm fields.

Patients and Methods

This study was approved by the institutional review boards at the Massachusetts Institute of
Technology (MIT) and Tufts Medical Center. All participants were imaged in the
ophthalmology clinic at the New England Eye Center (NEEC) at Tufts Medical Center.
Signed written informed consent was obtained from all participants prior to imaging. The
research adhered to the tenets of the Declaration of Helsinki and the Health Insurance
Portability and Accountability Act. All participants underwent a complete ophthalmic
examination including a detailed history, refraction, intraocular pressure measurement,
anterior segment examination, and a dilated fundus examination by a general
ophthalmologist or a retinal specialist at NEEC. Select patients received color fundus
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photography, fundus autofluorescence, FA, and ICGA, as clinically indicated. Healthy
participants were defined as having no abnormalities on ophthalmic examination except for
an age-appropriate cataract, normal ophthalmic fundus examinations, normal visual fields,
refraction less than or equal to 6D, and no history of diabetes.

OCTA was performed with an ultrahigh-speed SS-OCT prototype system developed at MIT
and deployed at NEEC in November 2013. A similar OCT system has previously been
described in detail, 37 and therefore only key characteristics are summarized here. The
instrument used a VCSEL swept light source centered at approximately 1,050 nm
wavelength with an approximately 80-nm bandwidth and a 400 kHz A-scan rate. OCT
signals were sampled with an analog-to-digital acquisition card externally clocked at a
maximum frequency of approximately 1.1 GHz using a Mach-Zehnder interferometer
calibration signal; the imaging range was approximately 2.1 mm in tissue. The power
incident on the cornea was approximately 1.8 mW.

Two different field sizes were used for OCTA in this study: 6 mm x 6 mm and 3 mm x 3
mm. OCTA data were acquired using five repeated B-scans, each B-scan consisting of 500
A-scans, at 500 individual B-scan locations covering the field size. Each OCTA volume
therefore consisted of 2,500 B-scans or 500 x 5 x 500 A-scans. With an A-scan rate of 400
kHz and a galvanometer duty cycle of 80% to 85%, the total image acquisition time was
approximately 3.9 seconds per volume. For the 6 mm x 6 mm field size, the volumetric scan
pattern of 500 x 500 x 5 A-scans correspond to an isotropic sampling of the retina at a 12-
um interval in the transverse direction. Smaller field sizes yield proportionally denser
transverse sampling, providing higher OCT angiogram quality. The interscan time between
sequential B-scans was approximately 1.5 ms, and the time required to acquire each B-scan
was approximately 7.5 ms (approximately 1.5 ms x 5) per line for all field sizes.

OCT angiograms were generated by computing the speckle decorrelation between standard
intensity B-scans that were acquired sequentially from the same location. In particular, the
decorrelation between the first and second acquired B-scans was computed, thereby
generating one OCT angiogram; the decorrelation between the second and third acquired B-
scans was computed, thereby generating another OCT angiogram, and so forth. Using this
methodology, our set of five repeated B-scans generated four angiograms, which were
averaged into a single OCT angiogram to improve the signal-to-noise ratio. Prior to
computing speckle decorrelation, repeated intensity B-scans were registered using a
previously described algorithm.38

Three-dimensional volumetric OCT angiograms, containing both the retinal and choroidal
vasculature, were generated. In order to separately visualize the retinal and choriocapillaris
microvasculature, Bruch's membrane and internal limiting membrane (ILM) were semi-
automatically segmented using intensity B-scans. Exploiting the co-registration property of
the intensity and angiographic data allow the segmentation contours from the structural
volume to be directly applied to the angiographic volume. En face retinal OCT angiograms
were then created by maximum projection between the ILM and the Bruch's membrane. En
face choriocapillaris angiograms were created by selecting a single en face plane,
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approximately 4.4 pm in thickness, immediately below Bruch's membrane. CNV was
visualized by maximum projection of the en face planes that spanned the CNV.

When describing choriocapillaris OCT angiograms, we made use of the following
terminology. The term “flow impairment” was used to refer to a reduction in blood flow, as
manifested by a reduced decorrelation signal. The term “atrophy” was used to refer to a loss
of vasculature. Atrophy, like flow impairment, also manifests as a reduced decorrelation
signal and therefore cannot always be differentiated on OCTA. Finally, the term
“choriocapillaris alteration” was used to refer collectively to both atrophy and flow
impairment.

Thirty-two healthy participants without ocular disease and 15 patients with CNV were
imaged for this study.

Healthy Participants

The group of healthy participants recruited for the study had a mean age (+ SD) of 40.7 =
14.1 years (range: 19 to 70 years; 63 eyes of 32 participants). Among the 63 eyes imaged, 33
were from participants 40 years or older and seven were from participants 60 years or older.
Figure 1 shows representative retinal and choriocapillaris angiograms from a 35-year-old
healthy participant and a 68-year-old healthy participant. In general, we observed no
obvious trend between the integrity of the retinal or choriocapillaris vasculature and
participant age for our cohort. None of the healthy participants had OCT angiograms
indicating CNV.

Exudative AMD

The group of patients with exudative AMD recruited for the study had a mean age (+ SD) of
79.7 + 8.3 years (range: 61 to 92 years; 19 eyes of 15 patients). Figure 2 (page 500) shows
OCT and OCTA images from an 87-year-old patient with treatment-naive exudative AMD
with a minimally classic CNV. All images were obtained from a single volumetric scan. FA
and ICGA acquired from the same patient are also shown for comparison. The early-stage
FA (Figure 2F) shows a sharply demarcated area of hyperfluorescence, which corresponds
to the classic component of the lesion. The early-phase ICGA (Figure 2G) shows the occult
component of the lesion, which by reference to Figure 2K is determined to be a
fibrovascular pigment epithelial detachment (FVPED). In the late-stage FA image (Figure
2H), the continued pooling of fluorescein has obscured the boundaries of the classic
component of the lesion, and a stippled hyperfluorescence pattern is seen in the region of the
occult component. It is interesting to note that the OCTA projection in Figure 2E reveals the
detailed vasculature of both the occult (outlined red) and classic (outlined yellow)
components of the lesion, while such detail is not visible in the FA and ICGA images
(Figures 2F-H). The multiple white horizontal lines in Figure 2E result from patient eye
motion artifacts, which cause transient increases in decorrelation. Although the retinal
angiogram in Figure 2B appears relatively normal, the choriocapillaris angiogram in Figure
2D reveals severe choriocapillaris alteration, indicating flow impairment and/or atrophy.
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Note that the CNV casts angiographic shadows that make the region under the CNV appear
to have circulation when in actuality it does not. Upon closer examination, the region of
CNV is seen to be encircled by a “halo” of choriocapillaris alteration. To be sure that the
areas of low decorrelation in Figure 2D really correspond to choriocapillaris alteration and
not attenuation of the OCT beam, the corresponding intensity slice (Figure 2C) is shown for
comparison. The white dashed contour of Figure 2C outlines generously an area of relatively
lower intensity signal; this same contour is superimposed on Figure 2D. One can see that
there are areas of low decorrelation outside of the contour, which suggests that the low
decorrelation is not due to beam attenuation but to flow impairment and/or atrophy. It is
likely that the darker regions in Figure 2D are actually regions of choriocapillaris atrophy.
The thickness map of Figure 21 shows a region of elevation that corresponds to the FVPED.
The OCTA cross-sectional image in Figure 2J, at the position of the white dashed horizontal
line in Figure 2E, clearly shows both the occult (outlined red) and the classic (outlined
yellow) components of the lesion. The white bracket of Figure 2J roughly indicates the axial
depths of the OCTA B-scan that are predominantly composed of shadowing artifacts from
the choriocapillaris and choroidal vasculature.

Additional representative OCT angiograms from five exudative AMD cases are shown in
Figure 3 (page 502). Note the varied structure and size of the lesions. With reference to the
third row, choriocapillaris alteration is visible underneath and surrounding the lesion. To
verify that the regions of choriocapillaris alteration are not caused by attenuation of the OCT
beam, the corresponding intensity slices are shown in the second row. En face OCT and
OCTA slices 35 um below the choriocapillaris are shown in the fourth and fifth rows,
respectively. Low decorrelation at this depth indicates altered choriocapillaris and choroidal
vasculature above. The occult (red) and classic (yellow) classifications were determined
using the intensity and OCTA B-scans shown in the sixth and seventh rows, respectively.

Of 19 eyes with exudative AMD, CNV was clearly visualized with OCTA in 16 eyes.
Among the three eyes in which OCTA did not visualize CNV, one was due to severe
subretinal hemorrhage that attenuated the OCT signal completely. The other two eyes had
inactive exudative AMD after anti-VEGF treatment as confirmed by the absence of
subretinal fluid and pigment epithelial detachment, as well as at least 12 weeks of follow-up
without treatment and with no recurrence of subretinal fluid. Therefore, OCTA could
visualize 16 of 17 eyes with active CNV, corresponding to a 94% sensitivity for CNV
detection. In all, the 16 eyes having CNV that was detectable under OCTA imaging, the
CNV originated from regions of severe choriocapillaris alteration. We further observed that
in 14 of these eyes, the CNV lesions were surrounded by a region of severe choriocapillaris
alteration (Figure 3, page 502). This observation included CNV lesions with longest
dimensions ranging from less than 500 um to greater than 5 mm. In the two eyes in which
the CNV was not surrounded by choriocapillaris alteration, the CNV originated from the
margin of geographic atrophy (GA) or peripapillary atrophy and grew away from the
atrophic region.
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Discussion

All CNV lesions that were detectable on OCTA were found to be associated with regions of
choriocapillaris alteration, either corresponding to flow impairment and/or atrophy. This
finding is consistent with the previous OCTA study by Jia et al, which found some focal
regions adjacent to the CNV having a complete absence of choriocapillaris.® Using our
large, 6 mm x 6 mm field size, we were able to image the entirety of the CNV lesions,
which in some cases measured up to 5 mm in maximal diameter, and observed that in 14 of
the 16 eyes, the choriocapillaris alteration was present not only underneath the lesion but
extended beyond the borders of the CNV, encircling it. Due to the shadowing artifact that
the CNV lesion creates on the choriocapillaris en face OCT angiograms, the choriocapillaris
alteration beneath the CNV is relatively difficult to visualize. The effect of this shadowing is
that the choriocapillaris alteration appears as a ring, or halo, surrounding the boundaries of
the lesion. Although more comprehensive longitudinal studies are needed, these findings
suggest that CNV lesions may form in regions of choriocapillaris alteration in order to
compensate for the reduced circulation. This suggestion was also made by Jia et al and is
consistent with the published histopathologic literature.819-21 |n a landmark paper by Bhutto
and Lutty, the observation was made that in patients with exudative AMD, the CNV lesion
occurred in areas of choriocapillaris alteration and the size of the region of choriocapillaris
alteration consistently extended beyond the margins of CNV.19 Bhutto and Lutty also
reported that, unlike in GA, the RPE overlying the choriocapillaris was intact. The authors
hypothesized that ischemia, due to choriocapillaris loss, caused the RPE to release vasogenic
factors, including VEGF, which in turn resulted in CNV. In another study, CNV was found
to develop at the peripheral border of GA and/or at the region of foveal sparing and was
never found to develop in the region of RPE atrophy.3° This is consistent with the findings
of our study where, in the two patients with GA, the CNV occurred at the margins of
atrophy and appeared to grow away from the atrophy. As mentioned by Bhutto and Lutty,
this growth pattern suggests that the RPE cells may provide the stimulus for CNV
formation.19

Compared with conventional dye-based angiography techniques, OCTA offers several
distinct advantages. First, OCTA does not require the injection of exogenous dyes and is
noninvasive. Second, unlike dye-based angiography, OCTA is fast (typical acquisition time:
<4 seconds), and can be performed at any time and potentially during every patient visit.
Third, OCTA enables depth-resolved imaging of both the retinal and choroidal vasculature.
Taken together, these advantages provide a strong argument for OCTA imaging of the
retinal and choroidal microvasculature, particularly in longitudinal studies. It should also be
noted that we found OCTA to be capable of visualizing classic and occult lesions with equal
clarity, a finding that is consistent with the results of Jia et al.

Unlike dye-based angiography, OCTA does not visualize leakage. Although this may be a
limitation for the investigation of retinal pathologies involving alterations in vascular
permeability, it also has certain advantages. For example, while leakage of CNV in
exudative AMD is used to confirm the existence of CNV, leakage produces
hyperfluorescence that can impair visibility and make detection of angiographic features of
the CNV lesion difficult. These difficulties are further compounded by a lack of depth
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resolution in dye-based techniques. In contrast, OCTA directly visualizes abnormal
vasculature in three dimensions and therefore may be useful for monitoring treatment
response. Furthermore, because there is no obscuring hyperfluorescence from dye leakage,
OCTA can better visualize the choriocapillaris than dye-based methods. In our study, OCTA
visualized the CNV lesion in 16 of the 17 patients with active exudative AMD. The only
case in which OCTA failed to visualize the lesion was due to significant subretinal
hemorrhage attenuating the OCT signal. Even in that case, however, subretinal fluid was
visible as a marker in structural OCT images.

At this point it is clear that a certain degree of care must be taken when interpreting OCTA
images. First, vasculature can cast angiographic shadows onto the layers below. One
example of this is the shadows of the retinal vasculature that appear in the choriocapillaris
OCT angiograms. Another example is the shadows that the choriocapillaris and choroidal
vasculature cast onto the deeper layers. Regarding the latter, consider the OCTA B-scan of
Figure 2J (page 500). The bracket indicates the depths of the OCT angiogram that are
predominantly uninterpretable due to angiographic shadowing from the choriocapillaris and
choroidal vasculature above. To say, however, that the OCT angiogram at these depths is
completely uninterpretable is incorrect. First, the decorrelation function can be altered to
reduce shadowing at the expense of a decreased ability to detect slow flows; this is not the
approach that we employed in the present work. Second, at depths below the
choriocapillaris, the absence of a decorrelation signal can provide useful information. In
particular, the absence of decorrelation at depths below the choriocapillaris indicates the
presence of overlying choriocapillaris or choroidal vasculature. We used this property to
confirm choriocapillaris alteration, as discussed below.

As noted previously, en face images of the choriocapillaris were attained by segmenting
Bruch's membrane and then selecting the en face slice immediately below. Because the
choriocapillaris is a thin monolayer network of capillaries (the capillaries have an axial
diameter of approximately 6.5 to 10 um in normal maculae), accurate segmentation is of
utmost importance.4%41 Errors in segmentation will result in the inclusion of regions out of
the plane of the choriocapillaris (ie, above or below the choriocapillaris) in the en face
choriocapillaris angiogram. When regions above the choriocapillaris are included, normal
choriocapillaris can appear as altered; when regions below are included, altered
choriocapillaris can appear as normal. We primarily care about the former: that is, ensuring
that we are not interpreting normal choriocapillaris as altered choriocapillaris. To mitigate
this possibility, the fourth and fifth rows of Figure 3 show en face intensity and OCTA slices
35 pm below the choriocapillaris slices of the second and third rows. The rationale is that
even if there are segmentation inaccuracies, by going 35 um below the segmented
choriocapillaris, we ensure that we are below or at the very least in the choriocapillaris. At
this depth, if there were normal choriocapillaris and choroidal vasculature above, shadowing
artifacts would be present and the OCT angiogram would appear highly decorrelated. Thus,
any regions of low decorrelation at this depth correspond to regions of choriocapillaris
alteration above. Inspecting the fifth row of Figure 3, we can see that even at 35 um below
the segmented choriocapillaris, there are regions of low decorrelation. These regions
correspond to regions of choriocapillaris alteration above. Finally, note that the implication
is one-way: low decorrelation at depths below the choriocapillaris corresponds to
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choriocapillaris alteration above, but high decorrelation at depths below the choriocapillaris
does not necessarily correspond to healthy choriocapillaris above. This is because even
when the choriocapillaris is altered, choroidal vasculature may be present and cast shadows.

Our decision to use the terms choriocapillaris alteration, flow impairment, and atrophy
merits some discussion. The decorrelation signal is obtained by comparing B-scans that are
sequentially acquired from the same location. The sequentially acquired B-scans are
separated by a time interval, which we call the interscan time. The longer the interscan time,
the larger the decorrelation signal because the erythrocytes will have moved a larger
distance in between scans. The interscan time determines the fastest distinguishable flow
and slowest detectable flow that can be measured using OCTA. Simply stated, certain flows
are fast enough to saturate the decorrelation signal, meaning that they can no longer be
distinguished from one another; we say that these flows are faster than the fastest
distinguishable flow. Note that the smaller the interscan time, the faster the fastest
distinguishable flow. There are also certain flows in which the erythrocytes move slowly
enough to only shift a very small distance during the interscan time. These flows generate
decorrelation signals below the detection level; we say that these flows are slower than the
slowest detectable flow. Our usage of the terms choriocapillaris alteration, flow impairment,
and atrophy reflects an ambiguity when interpreting an OCT angiogram. In particular, a
region of low decorrelation signal could be due to either atrophy (a complete absence of
flow) or flow impairment (where flow is present but slower than the slowest detectable
flow). In this study, we have been careful to interpret a low decorrelation signal as being
possibly caused by either flow impairment or atrophy. It is possible, by modulating the
interscan times, to distinguish between flow impairment and atrophy; however due to its
complexity, we did not pursue this approach in the current study.

A limitation of the current study is that the number of healthy eyes was small and the mean
age of the healthy participants was lower than that of the CNV group. Choriocapillaris
alteration was not observed in any of the seven eyes from healthy participants aged 70 years
or older in this study. Further investigation is, however, required to determine whether an
older cohort of healthy participants would show significant choriocapillaris alteration. In the
future, a more comprehensive cohort of age-matched healthy participants needs to be
recruited.

Despite this limitation, this study strongly suggests that the advantages of OCTA may make
it widely useful for noninvasive monitoring of the retinal and choriocapillaris
microvasculature in patients with CNV. This monitoring may in turn assist in the diagnosis
of CNV as well as the monitoring of its progress and response to therapy.
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Figure 1.
(A, C) OCT angiograms of a 35-year-old healthy participant. (B, D) OCT angiograms of a

68-year-old healthy participant. (A, B) OCT retinal angiograms over a 6 mm x 6 mm area
centered at the fovea. (C, D) OCT choriocapillaris angiograms over the same 6 mm x 6 mm
area extracted from the same volumetric scans as used in A and B. Note that the thick retinal
vasculature casts angiographic shadows onto the choriocapillaris angiogram. Scale bars: 1
mm.
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Figure2.
An 87-year-old patient with a choroidal neovascularization (CNV) lesion exhibiting both

occult and classic components. (A) En face mean projection of entire OCT intensity volume.
(B) En face projection of the OCT angiogram volume through the depths spanned by the
retinal vasculature. (C) En face slice of the OCT intensity volume at the depth of the
choriocapillaris. The white dashed contour encircles an area of lower intensity. (D) En face
slice of the OCT angiogram volume at the depth of the choriocapillaris. (E) En face
projection of the OCT angiogram volume through the depths spanned by the CNV. The red
outlining corresponds to the occult components of the lesion, while the yellow outlining
corresponds to the classic components. The arrows point to motion artifacts that appear as
straight white lines through the image. (F) Early-phase FA. Arrows point to the classic
component. (G) Early-phase ICGA. Arrows point to the occult component. (H) Late-phase
FA. Arrows point to area of stippled hyperfluorescence. (1) OCT retinal thickness map. (J-
K) OCT intensity and OCT angiogram cross-sections, respectively, corresponding to the
white dashed horizontal lines in (E). The bracket in (J) roughly spans the depths in which the
OCT angiogram B-scan is uninterpretable due to shadowing from the choriocapillaris and
choroidal vasculature above. The yellow arrows in K indicate the thickness of the choroid
away from the lesion, the white arrows demarcate an area of increased light penetration due
to RPE atrophy, and the blue arrows correspond to a region of shadowing from the CNV
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lesion. All OCT images are from a 6 mm x 6 mm area, and all scale bars are 1 mm. All OCT
and OCT angiogram images were generated from a single volumetric scan.
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Figure3.
(A-E) Each column corresponds to a different exudative CNV patient. Row 1 displays en

face projections of the OCTA volumes through the depths spanned by the CNV. The lesions
are indicated by yellow/red outlining. Yellow outlining corresponds to a component that is
suspected to be classic; red outlining corresponds to a component that is suspected to be
occult. Row 2 shows en face slices of the OCT intensity volume at the depth of the
choriocapillaris; row 3 shows the corresponding en face slices of the OCTA volume. Row 4
shows en face slices of the OCT intensity volume at 35 pm beneath the choriocapillaris; row
5 shows the corresponding en face slices of the OCTA volume which shows OCTA
shadowing from the choriocapillaris. Rows 6 and 7 show intensity and angiography B-scans,
respectively, corresponding to the horizontal and vertical dashed white lines of the first row.
The white contour of the row 6 shows the segmentation of Bruch's membrane. Row 8 shows
OCT retinal thickness maps. All images were acquired from 6 mm x 6 mm areas. All scale
bars are 1 mm.
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