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Abstract

Retinitis pigmentosa (RP) is a group of inherited retinal disorders characterized by progressive rod and cone photoreceptB

degeneration. Changes in retinal vasculature have long been associated with RP. Optical coherence tomography angiography
(OCTA) is a novel imaging technology that enables noninvasive visualization of the retinal and choroidal microvasculature. OCTA
enables quantification of microvascular changes in the retinal capillary plexus and choriocapillaris, in addition to qualitative
feature description. Therefore, OCTA has the potential to become an important tool for better understanding, early detection,
progression, and treatment of RP. In this review, we focus on the applications of OCTA in clinical research on RP. We also discuss
future improvements in the OCTA technology for RP management. We believe that the advancement of the OCTA technique will
ultimately lead to a better understanding of RP and aid in the prevention of visual impairment.

Abbreviations: CCP = choriocapillaris plexus, CD = cone density, CDFI = color Doppler flow imaging, CRMBs = computational
retinal microvascular biomarkers, CSI = choroidal stromal index, DCP = deep capillary plexus, FA = fluorescein angiography, FAF =
fundus autofluorescence, FAZ = foveal avascular zone, FVs = flow voids, ICP = intermediate capillary plexus, IS/OS = inner/outer
segment, MRI = magnetic resonance imaging, OCT = optical coherence tomography, OCTA = optical coherence tomography
angiography, OCTARA = OCTA ratio analysis, OMAG = OCT-based microangiography, OMAGC = optical micro angiography
complex, PD = perfusion density, PR-OCTA = projection-resolved OCTA, RGCs = retinal ganglion cells, RNFL = retinal nerve fiber
layer, RP = retinitis pigmentosa, RPC = radial peripapillary capillary, RPE = retinal pigment epithelium, SCP = superficial capillary
plexus, SSADA = split-spectrum amplitude decorrelation angiography, SVC = superficial vascular complex, UWF-CP = ultra-wide-
field color fundus photography, UWF-FA = ultra-wide field fluorescein angiography, VDI = vessel diameter index, VDisp = vessel
dispersion, VLD = vessel length density, VR = vessel rarefaction, VT = vessel tortuosity, WF-OCTA = wide-field OCTA

Keywords: macular microvasculature, optical coherence tomography angiography, retinal biomarkers, retinal function, retinitis

pigmentosa, vessel density

1. Introduction

Retinitis pigmentosa (RP) is a group of genetically diverse inher-
ited retinal dystrophies characterized by progressive degeneration
of rod and cone photoreceptors.!'! RP patients usually suffer from
impaired dark adaption, night blindness, visual field constriction,
and central vision deterioration around 40 years of age.’! The
relationship between ocular hemodynamics and RP has not been
fully understood. Previous studies have confirmed the reductions
in blood flow in RP patients,* questions have yet to be answered
regarding the role of vascular dysfunction, as well as vascular
abnormalities in the foveal and parafoveal regions in the degen-
eration of photoreceptors. Owing to recent advances in imaging
technology, optical coherence tomography angiography (OCTA)
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enables non-invasive visualization and quantitative assessment of
the retinal and choroidal microvasculature, which shows great
potential in providing diagnostic, prognostic, and perhaps thera-
peutic biomarkers of ocular hemodynamics in RP patients."!
Our purpose is to conduct a database search of all published
studies that focus on the use of OCTA in clinical research on RP
to better understand this retinal disorder. Further, we envision
that advancements in OCTA technology could help clinicians
in RP diagnosis, follow-up, and treatment in the near future.

2. Methods

A literature review was performed using PubMed, including
all original studies registered until February 2021. Using the

Copyright © 2022 the Author(s). Published by Wolters Kluwer Health, Inc.

This is an open access article distributed under the Creative Commons
Attribution License 4.0 (CCBY), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly
cited.

How to cite this article: Lu B, Chao G, Xie L. Optical coherence tomography
angiography in retinitis pigmentosa: a narrative review. Medicine
2022;101:34(e30068).

Received: 11 November 2021 / Received in final form: 18 June 2022 / Accepted:
20 June 2022

http://dx.doi.org/10.1097/MD.0000000000030068


https://orcid.org/0000-0001-5877-6459
mailto:bjxielike@sina.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Lu et al ® Medicine (2022) 101:34

keyword “RP” and “OCTA”, 38 relevant publications published
from 2016 to 2021 were retrieved.

Ethics committee approval was not requested because it is
not needed for narrative reviews of the literature.

3. Current methods for retinal vasculature
evaluation in RP

Evaluation of retinal vasculature was historically dependent
on fluorescein angiography (FA), which could demonstrate
abnormal retinal and choroidal vasculature in patients with
RP, including prolonged transit time, narrowed vessels, and
lower dye concentration.l’! However, FA is invasive and has
been reported to cause hepatic, renal, or allergic complications
due to the need for intravenous injection and the possibility of
leakage of dye.”" Fundus autofluorescence (FAF) is also useful
in evaluating the retinal status in RP patients. Photoreceptor
loss corresponds to hypo-autofluorescence in the peripheral
fundus, whereas areas of hyper-autofluorescence correspond to
increased lipofuscin in the retinal pigment epithelium (RPE).[®!
However, FAF produces a lower signal strength than FA and
is monochromatic which does not produce multicolored
images."”! Optical coherence tomography (OCT) has been used
to evaluate RP to reveal decreased foveal thickness, interrup-
tion of the photoreceptor inner/outer segment (IS/OS) junc-
tion, and significantly reduced choroidal thickness.*!*! OCT
structural changes correlate with the deterioration of sight.!'!]
While these measurements are useful, OCT does not possess
the ability to visualize microvascular changes during RP pro-
gression. The above modalities provide information about the
structures of interest but do not provide details of vascular
structure and blood flow.

Medicine

OCTA is a recent technological advancement that allows for
the acquisition of high-resolution, depth-resolved retinal images of
both retinal and choroidal vascular layers in a rapid, non-invasive
manner.'?l With the advantages of differentiating the superficial
capillary plexus (SCP), deep capillary plexus (DCP), and chorio-
capillaris plexus (CCP), OCTA has been broadly applied in the
early detection of vascular abnormalities and diagnosis of vascular
pathology of many inherited retinal dystrophies, including RP.['3!
It can also be used to provide a quantitative assessment of the
microcirculation and microvasculature of the retina and choroid in
various layers.l' Since RP development and progression are both
associated with retinal and choroidal vascular changes (as either a
primary or a secondary effect), this technology has the potential to
bring forward new information about the pathophysiology of RP,
as well as to help clinicians with RP diagnosis and management.

4. Applications of OCTA in RP

4.1. Terminology in OCTA

Various OCTA algorithms have been used by different com-
mercially available OCTA devices: the split-spectrum ampli-
tude-decorrelation angiography (SSADA) algorithm, the optical
microangiography complex (OMAGC) algorithm, the OCT-
based microangiography (OMAG) algorithm, the OCTA ratio
analysis (OCTARA) algorithm, and the amplitude decorrelation
algorithm (Table 1).

Several areas of the retina were assessed in the selected
studies (Fig. 1). Macular scans were centered on the fovea
(Fig. 1A). The “whole image” macular was defined as the
whole surface of the scan (generally 3x3 or 6 x6mm). The
fovea was defined as the central 1-mm circle on the macular
scan. The parafovea was defined as the central 3-mm circle on

Algorithms used by various OCTA machines

Commercialized OCTA Machines

AngioVue AngioPlex SSOCT Angio Spectralis OCTA AngioScan
Company OptoVue Zeiss Topcon Heidelberg Nidex
Algorithm SSADA OMAGC OCTARA Amplitude decorrelation Modified OMAG
A-scans/s 70,000 68,000 100,000 85,000 53,000
Image dimensions 3x3mm, 4.5x4.5mm, 3x3mm, 3x3mm, 4.5x4.5mm, 10°x10, 3x3mm, 6x6mm,
6x6mm, 8x8mm, 6x6 mm 6x6 mm 9x9mm, 12x9 mm
6x10 mm 15°%15°,
20°%20°,
15°x30°

subject. (B) OCTA image of the same subject depicting the FAZ area. (C) OCTA image (Zeiss) of the peripapillary area centered on the optic nerve head in a
healthy subject. OCTA = optical coherence tomography angiography, FAZ = foal avascular zone.
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the macular scan, except for the fovea, whereas the perifovea
was defined as the central 6-mm circle on the macular scan,
except for the fovea. The foveal avascular zone (FAZ) was
defined as a round capillary-free zone within the macula on
OCTA images of the superficial vascular network (Fig. 1B).
Optic disc scans were centered on the optic disc (Fig. 1C). The
neural canal opening, which terminates the RPE/Bruch mem-
brane complex, was used to define the optic disc area. The
peripapillary area was used to describe both the circumpap-
illary and whole-image peripapillary areas. The whole image
peripapillary scan was defined as the entire area of the optic
disc scan. Scans assessing the optic disc, the peripapillary
area, and the whole image peripapillary area were generally
4.5 x4.5 mm wide.

4.2. OCTA analyses in RP

Thirty-eight published papers evaluating the role of OCTA in
RP were identified through a literature search using PubMed.
Eighteen cross-sectional clinical studies were chosen after scru-
tiny (Dr. Lu and Dr. Chiu). For an overview of all these articles,
see Table 2.

4.3. Vessel density (VD) analysis in RP

4.3.1. Retinal bloodflow. The pathogenesisof RPis quitecomplex
and is mainly related to genetic alterations at the photoreceptor
and RPE cell levels, ultimately leading to retinal degeneration.!®!
However, the importance of the involvement of both the inner
retina and vascular supply has been increasingly recognized in
recent years.'S! Photoreceptor cell loss with the reduction of
oxygen consumption has been suggested, and thus decreased
the need for oxygen delivery from the retinal circulation in the
pathology of eyes with RP. Such changes in oxygen diffusion are
assumed to cause attenuation of the vessels.!'! Histopathological
studies showed that the features of RP included vessel narrowing
and sclerosis, followed by thickening of the blood vessel wall and
lumen occlusion.'” In agreement with these histopathological
findings, abundant evidence has proved that vascular changes (e.g.
perivascular cuffing, arteriolar attenuation, and reduced ocular
blood flow) feature RP which was hypothesized to be part of the
pathogenic process with advanced technologies.! Reduced retinal
blood flow velocity and vascular diameter were demonstrated
with the use of magnetic resonance imaging (MRI)!*®! and color
Doppler flow imaging (CDFI)"! in RP patients. However, each
of these techniques has its limitations, such as being qualitative
or invasive.

OCTA parameters have been demonstrated to enable earlier
detection of circulatory alterations compared to other conven-
tional methods."”! Moreover, OCTA has potential advantages
over conventional techniques for assessing retinal terminal
vessels. Previous studies showed that both SCP and DCP ves-
sel densities are significantly decreased in early-?%?*'l and mid-
dle- and late-stage RP!?? after comparison with healthy objects.
Moreover, a more profound involvement of the deep layer with
reduced retinal vasculature signal was found (parafoveal VD:
DCP, P=.001; SCP, P=.009).2% This finding was later proved
by one study that enrolled 110 eyes of RP and 32 control eyes
(Parafoveal VD: DCP, P<.001; SCP, P=.66).*%) Another study
demonstrated that the most severe vascular impairment occurred
in the parafoveal flow area (DCP, P=.004; SCP, P=.007).12*! Most
recently, one study also showed that vascular alteration in RP
might begin at the level of DCP, while the change in the SCP
would occur later in the evolution of the disease.*’!

However, these conventional OCTA images suffer from pro-
jection artifacts, which limit the ability to accurately separate
and quantify microvasculature into the three distinct macu-
lar vascular layers corresponding to histologic studies?%27):

www.md-journal.com

superficial vascular complex (SVC), intermediate capillary
plexus (ICP), and DCP. Advanced projection-resolved OCTA
(PR-OCTA) with improved vascular segmentation metrics is
required for better visualization and illustration. One study
group found that deeper retinal plexuses (both ICP and DCP)
were primarily damaged by RP, compared to SVC using the
self-developed PR-OCTA algorithm. !

4.3.2. Choroidal blood flow. Choroidal vascular features are
important in RPE atrophic disorders because of their role in
oxygen and nutrition supply as well as metabolic exchanges
to the outer retina and RPE. Early histopathology studies
have shown the absence of choriocapillaris in RP, which has
lost photoreceptors and forms bone-spicule pigments.!'”!
However, when analyzing the blood flow at the CCP layer,
there are controversies in the findings of different studies. Vessel
densities of CCP in middle- and late-stage RP patients were
reported to be remarkably lower than those in healthy subjects
(P=.024),122! while other studies reported no differences in CCP
vessel densities between RP patients and normal controls.?%4!
These discrepancies could be explained by the limitations of
conventional OCTA devices that suffer from projection artifacts
and penetration depth. With advanced OCTA technology,
accurate choroidal changes can be detected by SS-OCTA which
has a light source of 1050 nm. Guduru et al demonstrated that
flow voids (FVs) in patients with RP were significantly reduced
compared to healthy subjects (FV area: P<.01), indicating that
the compromised choriocapillaris might be a result or cause
of RP®! Manual segmentation lines for OCTA images were
added to separate deep choroids at different levels (L1, L2,
and L3) from Bruch’s membrane to obtain more precise data
on the whole choroid in one study,’” and a more significant
reduction in vascular density was found in L1, which could
be explained by subsequent retinal degeneration. Recently,
wide-angle OCTA (8x8mm or 12x12mm) has been applied
to investigate choriocapillaris defects, for the fact that small
angle OCTA (3x3mm or 6 x6mm) failed to detect differences
in choriocapillaris in RP patients since the peripheral retina is
more likely to be affected at the early stage.!"!!

4.3.3. Blood flow in optic disc and peripapillary area. The
radial peripapillary capillary (RPC) network is a unique
vascular plexus around the optic disc within the retinal nerve
fiber layer (RNFL). It originates from the central retinal artery
and branches out and runs parallel to the axon direction of the
retinal ganglion cells (RGCs). Therefore, it is believed that the
blood flow of the RPC, as well as the thickness of the RNFL
around the optic disc, is reduced in RP patients, although the
specific mechanism has not been clarified. In particular, the
biomicroscopic aspect of the “pale” optic disc, together with its
typical vascular attenuation, suggests the presence of vascular
damage in the optic disc and peripapillary area. With the newly
developed OCTA technique, the RPC network can be visualized
separately. In one cross-sectional study that included 11 RP
patients (22 eyes) and 16 age-matched control subjects (16
eyes), RPC vessel densities in the optic disc and peripapillary
areas were found to be significantly reduced in RP patients along
with a reduction in RNFL thickness, indicating that vascular
changes in these areas might be associated with RGC death
and RNFL thinning, which are the two pathological processes
accompanying inner retinal disorganization.?®?

4.4. Macular microvasculature analysis in RP

Many studies have suggested that macular microvasculature
changes caused by decreased blood flow might be indicated in
the development of RP and the pathogenesis of RP in the mac-
ular area, particularly in the final loss of central vision. It has
been confirmed that there is a reduction in macular vascular
density in the eyes of patients with RP, as shown by different
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Table2
(Continued)

Groups and # of

Summary of the Results

Eyes

Functional Test

Pvalue

Control
46.8+5.2%

RP
45.2+3%
44+5.8%

63.8+£2.4%

OCTA Parameter
Vessel density (SCP)-parafovea
Vessel density (DCP)-parafovea
Vessel density (CCP)-parafovea

OCTA Instrument Scan Area
FAZ area (SCP)

Control

RP
30 eyes

Article

191
<.001
<.001
<.001
<.001

6x6mm (fovea)

RTVue-XR Avanti

24 eyes

AttaAllah et al. (2020)24

55+5.2%
65.8+1.8%

0.3+0.1mm?

0.5+0.2mm?

0.3+0.1mm?

0.6+0.2mm?

FAZ area (DCP)

Choroidal thickness

3x3mm (fovea)
4.5 x 4.5mm(optic)

Swept-source OCT DRI Topcon Triton

45 eyes

45 eyes

Arrigo et al. (2020)5")

685
<.01

305+59 um
305+59 ym
305+59 pum

227 +37 um
218+44 ym
156 +40 pm

Pattern 1 (early stage)

Pattern 2 (advanced stage)
Pattern 3 (late stage)
Choroidal stromal index

01

<.

<.01

0.03+0.01
0.03+0.01

0.03+0.01
0.07+0.01

Pattern 1 (early stage)

<.01
<.01

Pattern 2 (advanced stage)

retinitis pigmentosa; SCP = superficial capillary plexus;

intermediate capillary plexus; OCTA = optical coherence tomography angiography; RP

deep capillary plexus; FAZ = foveal avascular zone; ICP

cystoid macular edema; CVI = choroidal vessel index; DCP

CME =

SVC = superficial vessel capillaries.

www.md-journal.com

types of OCTA devices. Lin ef al. evaluated the macular struc-
tural changes in the parafoveal regions in normal subjects and
mild- or late-stage RP patients with objectively quantified cone
density (CD) and microvascular density and showed signifi-
cant cone loss in RP patients.’3! AttaAllah et al demonstrated
a reduction in macular microvascular density in all studied lay-
ers on OCTA as well as macular structural changes such as EZ
disruption and FAZ enlargement.’* However, findings regard-
ing the FAZ area have been controversial. Parodi et al found
that the FAZ area was significantly enlarged only at the level of
the DCP in RP eyes.?% Conversely, Koyanagi et al found a sig-
nificant enlargement of the superficial, but not deep, FAZ area,
which was relatively preserved until the mild-to-late stages.*!!

Quantitative OCTA parameters help to identify retinal vas-
cular abnormalities in patients with RP. Measurements of geo-
metric vascular features using OCTA biomarkers may become
a useful tool to monitor disease activity and the efficacy of new
therapeutic modalities. Inooka et al showed that both qual-
itative and quantitative changes in microvascular density and
morphology are useful for assessing the pathophysiology of
RP.31'With an automated program, indices of the microvascular
density, perfusion density (PD), and vessel length density (VLD)
were found to be significantly reduced, and the vessel diameter
index (VDI) was significantly increased in RP patients. Arrigo et
al analyzed the changes in vascular features at the level of both
the macula and optic nerve between RP patients and healthy
controls.®! Their results revealed a statistically significant dif-
ference in all the calculated OCTA parameters, including vessel
density, vessel tortuosity, vessel dispersion, and vessel rarefac-
tion, with VT and VR being the most reliable biomarkers to
describe the abnormalities of geometric vascular features in RP
patients. In addition, quantitative measurements of choroidal
features, including choroidal stromal index (CSI), VT, VDisp,
and vessel density, revealed further detailed information regard-
ing the changes in choroidal patterns in RP patients which were
found to be associated with different RP clinical forms as well as
with different progression after 1 year using SS-OCTA.P7!

5. Correlation of OCTA parameters with retinal
function analysis in RP

Correlation studies between the quantitative vascular OCTA
parameters and retinal function (measured either with objective
methods such as multifocal ERG or subjective methods such as
visual acuity, visual field, and microperimetry) could better clar-
ify whether any functional impairment corresponds to vascular
signal changes. Functional dysregulation of retinal and choroi-
dal changes seems to occur in patients with late-stage RP. Toto
et al demonstrated that both SCP and DCP vessel densities in
the macular region are correlated with the macular function, as
well as with the GCC thickness.?? Liu et al analyzed the cor-
relation of choroidal small/middle and large vessel density with
retinal photoreceptor cells and visual function in patients with
RP, which demonstrated that choroidal microcirculation was
a prominent factor affecting the visual acuity, visual field, and
ERG b-wave amplitude in patients with RP.*®¥ This may provide
new insights into the mechanisms and treatment of RP. With the
advantage of SS-OCTA, various types of choriocapillaris defects
can be defined according to the choroidal vascular structure,
and the degree of choriocapillaris defects was correlated with
the BCVA, Humphrey indexes, and microperimetry index.!!
Falfoul et al also found a statistically significant correlation
between macular function and parafoveal DCP density.?’!

6. Limitations and future visions for OCTA in RP
management

The relationship between retinal and choroidal vascular
changes and retinal function should be further confirmed in
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a larger population. Moreover, the nature of the cross-sec-
tional design of these previous studies makes it insufficient
to precisely assess the cause-effect relationship between ret-
inal and choroidal vasculature changes and retinal function.
Further prospective studies with longer follow-up periods
combining retinal function studies and microvasculature
changes will provide a better understanding of the patho-
physiology of RP patients.

OCTA is a useful tool for monitoring RP disease progres-
sion and may be used to measure retinal vascular parame-
ters as outcomes in clinical trials. It is important, however,
to recognize its limitations, such as susceptibility to motion
artifacts, projection artifacts, limited comparability among
different OCTA devices, and restricted contribution of infor-
mation regarding the grade of disease activity. With the con-
tinuing improvement of OCTA technology, PR-OCTA can
enable the clean visualization of some retinal plexuses and
vascular pathologies using post-processing algorithms to
reduce projection artifacts.®” The ability of the newly devel-
oped wide-field OCTA (WF-OCTA) was also compared to
that of ultra-wide-field fluorescein angiography (UWEF-FA)
and ultra-wide-field color fundus photography (UWEF-CP) for
retinal disorder detection.*?! Retinal biomarkers from OCTA
images can facilitate the clinical management of retinal disor-
ders. However, current commercially available OCTA devices
are not able to provide a wide field of quantifiable retinal
biomarkers because of the limitations of their analysis soft-
ware. An “all-in-one” metric that can generate comprehensive
retinal biomarkers, including parameters depicting geometric
vasculature features with accurate definition, as well as those
quantifying blood flows with improved classification and seg-
mentation, for retinal disorder analysis is of great importance
and convenience for both clinicians and patients. Hence, we
have recently invented a method for establishing computa-
tional retinal microvascular biomarkers (CRMBs) through a
knowledge-driven computerized automatic analytical system
based on fractal analysis using OCTA images (manuscript in
preparation for submission). We anticipate that these CRMBs
will directly lead to a new classification of RP patients, facili-
tating better understanding, early detection, timely treatment,
and improved quality of life.

7. Conclusions

The application of OCTA is beneficial for studying alterations
in the retinal vasculature in the progression of RP. In this review,
we summarised the current OCTA findings in clinical research
on RP and envisioned future advancements in OCTA. We
believe that the development of OCTA is a major contribution
to advancing ophthalmic imaging. This will help us to better
understand the etiology and pathology of RP. It will also facili-
tate the diagnosis, monitoring, and treatment of RP.
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