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A Promising Future for Optical Coherence
Tomography Angiography

Fluorescein angiography has been the gold standard
imaging modality for the retinal vasculature since its
groundbreaking introduction in 1961 by Alvis and
Novotny and has revolutionized our ability to diagnose
diseases of the retinal vasculature and to identify reti-
nal and choroidal neovascularization.1 Its greatest
advantage may lie in its ability to detect dynamic pat-
terns of dye transit and leakage. Various innovations
have broadened the use of angiography, including the
application of indocyanine green, wide-field image
acquisition, confocal scanning laser ophthalmoscopy,
and adaptive optics. However, a major limitation of tra-
ditional angiography resides in its inability to image the
entire retinal capillary system or to directly visualize
nascent vessels, leaving the practitioner to deduce the
presence of neovascularization on the basis of other
indicators such as fluid, leakage, or edema.

Optical coherence tomography (OCT) angiogra-
phy applies high-speed OCT scanning to detect blood
flow by analyzing signal decorrelation between scans.
Compared with stationary areas of the retina, the move-
ment of erythrocytes within a vessel generates a decor-
related signal. The split-spectrum amplitude decorrela-
tion angiography (SSADA) algorithm improves the signal
to noise ratio by splitting the source spectrum into 4 parts
and averaging the resultant 4 signals. High-density ras-
ter scanning of a 2-dimensional area of the retina gen-
erates a volumetric rendering of blood flow from the in-
ternal limiting membrane to the choroid and allows for
direct visualization of normal and abnormal blood ves-
sels. The currently available Optovue AngioVue System
uses spectral-domain technology, an 840-nm laser, and
the SSADA algorithm (Figure). The 70-kHz A-scan rate
on this device allows a 3 × 3-mm OCT angiography vol-
ume to be acquired in 3 seconds. The lateral and axial
resolutions are both 15 μm; the axial resolution is signifi-
cantly less than that for structural OCT (5 μm) owing to
signal averaging. Another device under development by
Zeiss will feature a swept-source laser centered at 1040
nm with the potential for augmented signal penetra-
tion depth. Future devices may use other approaches for
OCT angiography, such as phase contrast or intensity
variance.

Unlike traditional angiography, which uses a fluo-
rescent dye and provides limited 3-dimensional infor-
mation, OCT angiography requires no exogenous con-
trast and uses dense volumetric scanning to provide
depth-resolved visualization of the retinal and choroi-
dal vasculature. The retinal vasculature of the central
macula is predominantly a 3-layered capillary bed. Even
though one can identify the superficial retinal capillary
plexus using fluorescein angiography, this angio-
graphic technique poorly visualizes the intermediate and

deep plexuses that are a critical focus of retinal vascu-
lar disease.1,2 Using the SSADA technique, Spaide et al1

were the first to demonstrate distinct superficial and
deep capillary networks, the latter of which includes both
the deep and intermediate plexuses. The use of OCT an-
giography could greatly enrich our understanding of the
ischemic processes affecting different layers of the reti-
nal vasculature, such as cotton-wool spots (superficial
plexus ischemia), paracentral acute middle maculopa-
thy (deep plexus ischemia),2 and macular telangiec-
tasia type 2.3

Optical coherence tomography angiography may
also have the potential to dissect the long-debated ori-
gin and microvascular anatomy of neovascularization in
age-related macular degeneration, including type 1 (sub–
retinal pigment epithelium), type 2 (subretinal), and type
3 (intraretinal; retinal angiomatous proliferation) neo-
vascularization. In a seminal study, Jia et al4 generated
3-dimensional reconstructions of choroidal neovascu-
larization and en face OCT renderings to highlight the
precise vascular anatomy of choroidal neovasculariza-
tion. It may be possible to identify distinct morpholo-
gies of choroidal neovascularization and then correlate
these subtypes with disease course, prognosis, and re-
sponse to treatment.

In addition to providing enhanced anatomic detail,
OCT angiography intrinsically generates data on vascu-
lar flow. This powerful feature has enormous implica-
tions for understanding tissue perfusion in the absence
of obvious morphological changes. A flow index of the
optic nerve head can be used to ascertain disc perfu-
sion. For example, glaucomatous optic discs and discs
damaged by optic neuritis have significantly diminished
flow indices compared with normal discs.5,6 Remark-
ably, OCT angiographic measurements are sensitive

Figure. Optical Coherence Tomography Angiography Image
of Type 1 Neovascularization

This occult lesion beneath a fibrovascular pigment epithelial
detachment is not identifiable using traditional angiography. The
larger-caliber vessels appear distinct from the surrounding
choriocapillaris.
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enough to detect small increases in parafoveal capillary flow elic-
ited by a pattern stimulus projected onto the retina.7 An enticing
possibility is that the anatomic detail and perfusion data provided
by OCT angiography may even have predictive value for a wide
variety of ophthalmic disorders, including glaucoma, ischemic optic
neuropathy, neovascular age-related macular degeneration, and
retinal vein occlusion.

Despite the many potential benefits of OCT angiography, our
expectations for the technology must be tempered given our lim-
ited experience with it. As with any new technique, we must first vali-
date the accuracy and reproducibility of the data. Studies must be
performed to define anatomic and physiologic standards before we
can assess disease states. Comparative analyses with fluorescein an-
giography may also be instructive to better understand the signifi-
cance of vascular patterns observed with OCT angiography and to
correlate this to sites of leakage. A major challenge will be to de-
velop automated segmentation algorithms that reliably identify spe-
cific retinal vascular layers, even in the diseased eye. At this time,
the identification of neovascular tissue must be performed manu-
ally, a time-consuming task compared with the review of fluores-
cein angiography images. Further limitations include suboptimal cor-

rection for eye motion artifact and projection artifact from superficial
vessels when imaging deeper layers. Distinguishing pathologic ves-
sels from the normal vasculature can therefore be challenging in cer-
tain cases. Moreover, the SSADA technique has a relatively poor axial
resolution (~15 μm) due to signal averaging, limiting the identifica-
tion of small-caliber vessels. Finally, it remains unknown how the ad-
ditional information gleaned from this technique can be used in rou-
tine clinical practice.

Traditional angiography will undoubtedly retain a key role in
the management of retinal disease because of its ability to identify
dynamic dye-transit patterns of occlusion, ischemia, and leakage—
especially in the periphery. However, the combination of structural
and functional data afforded by OCT angiography may be transfor-
mative in its ability to provide 3-dimensional anatomic details and
dynamic flow data. The identification of the deep retinal capillary
plexus, the direct visualization of neovascular structures, and the
analyses of perfusion status are just a few of the ways that OCT
angiography could provide significantly greater insight into the
mechanisms of retinal and optic nerve disease—a required first
step before changing clinical practice and improving treatment
outcomes.
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