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Assessment of retinal and optic disc vascular
perfusion density in retinitis pigmentosa
patients by optical coherence tomography
angiography
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ABSTRACT

BACKGROUND: The aim of the study was to evaluate the vascular flow density measured by optical coherence tomo-
graphy angiography in patients with retinitis pigmentosa and to compare it with normal subjects.

MATERIAL AND METHODS: This was a cross-sectional case control study employing 16 eyes of eight patients with
retinitis pigmentosa and 16 eyes of eight healthy subjects. Optical coherence tomography angiography was perfor-
med in all subjects. The macula was imaged with a 3 x 3 mm scan, whereas for the optic nerve head, a 4.5 x 4.5 mm
scan was taken. Macular and optic disc vascular flow perfusion densities were measured. In addition, the FAZ area
was calculated. All data were compared in the two groups.

RESULTS: The vascular flow perfusion density in the macular and in the optic nerve head was significantly lower in
the retinitis pigmentosa group when compared with the control group. On the other hand, the foveal avascular zones
area was not significantly different from controls.

CONCLUSION: Patients with retinitis pigmentosa show a decreased macular and optic nerve head perfusion density

compared with healthy subjects
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INTRODUCTION

Retinitis pigmentosa (RP) is a progressive genet-
ically heterogeneous group of diseases characterised
by the primary dysfunction of rod photoreceptors
and secondary impairment of cones in later stages
of diseases. Usually patients present complaining of
the triad of nyctalopia, progressive visual field loss,
and reduced visual acuity. It is considered to be the
most common form of inherited retinal dystrophy
[1]. Retinitis pigmentosa has characteristic features
on fundus examination: attenuation of retinal blood
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vessels, waxy looking pale optic disc, atrophy of the
retinal pigment epithelium (RPE), and peripheral
bone spicule pigmentation [2].

Optical coherence tomography angiography
(OCTA) is a new, rapid, noninvasive, safe, reliable,
and easily performed imaging method that provides
high depth-resolved data about retinal and choroi-
dal blood flow in many vascular diseases [3]. Some
of the previously published cross-sectional OCTA
studies have demonstrated that the superficial and
deep capillary plexus perfusion densities are de-
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creased in RP patients; in addition, the FAZ area
was demonstrated to be enlarged [4].

The aim of this study was to investigate the ret-
inal circulation of patients with RP using OCTA
to determine whether the flow areas were reduced
in patients with RP in comparison to normal
subjects.

MATERIAL AND METHODS

All study procedures were done after taking in-
formed consent as per Medical University of Lub-
lin policy. The study followed the Declaration of
Helsinki guidelines. A review of records of 80 pa-
tients with confirmed clinical diagnosis of retinitis
pigmentosa was conducted at the Department of
General Ophthalmology at the Medical University
of Lublin. The clinical diagnosis was made based
on presenting symptoms, family history, fundus
examination, visual field, and electroretinography
(ERG) and subsequently supported by clinical im-
aging and/or genetic testing. The inclusion criteria
for this study were a diagnosis of RP and adequate
fixation to allow for high-quality imaging. Ocular
examinations included a slit-lamp and dilated fun-
doscopy examination, best corrected visual acuity
(BCVA) by decimal Snellen chart, and OCTA. We
compared the vascular perfusion density in several
perspectives: first we compared the perfusion den-
sity in the whole macula in each eye, and then the
integrated software in the OCTA subdivided the
macular region into two parts — superior half and
inferior half. Each half was studied separately. The
exclusion criteria included patients affected by any
other ocular disorder (e.g. glaucoma) and eyes with
poor OCTA images that resulted in a signal strength
index lower than 7 out of 10. We ended up with
eight patients out of 80.

STATISTICAL ANALYSIS

The statistical analysis was performed using Mi-
crosoft Office Excel 2010. Statistical analysis includ-
ed descriptive statistics for demographics, Snellen
chart BCVA (decimal), and OCTA measurements
(macular vascular perfusion density for the superfi-
cial capillary plexus [SCP] and deep capillary plexus
[DCP], FAZ area for the SCP and DCP, and chori-
ocapillaris blood flow) for both the macula and the
optic disc. One-sample Student’s t-test was used to
determine if there was a significant difference in
readings. In all of the statistical analyses, we defined
statistical significance as a p-value of less than 0.05.

CLINICAL EXAM

Imaging took place after proper pupil dilation
with tropicamide eye drops (1%).

OCTA 3 x 3 mm scans centred on the fovea and
4.50 mm of the optic disc were obtained using the
AngioVue (Optovue Inc., Fremont, CA, USA). This
device has a scanning speed of 70,000 A-scans per
second and an optical axial resolution of 5 microns
and transverse resolution of 15 microns with an
axial depth of up to 3 microns and wavelength-scan-
ning light of 840 nm equipped with Split-Spectrum
Amplitude-Decorrelation Angiography (SSADA)
algorithm. Automated segmentation of full-thick-
ness retina scans into SCP, DCP, and choriocapil-
laris by the machine was performed. The SCP is
bounded by the internal limiting membrane and the
inner plexiform layer, containing vasculatures from
the nerve fibre, ganglion cell, and inner plexiform
layers. The DCP is bounded by the inner plexiform
and outer plexiform layers, containing vasculatures
from the inner nuclear and outer plexiform layers

RESULTS

In this cross-sectional case-control study,
16 eyes of eight patients with retinitis pigmen-
tosa were employed and compared with 16 eyes
of eight patients with age- and sex-matched con-
trols. There were four males and four females in
each group with an average (mean) age of 44 and
42 years, respectively (Tab. I). All patients were
Caucasians. The mean visual acuity as measured by
Snellen chart (decimal scale) was 1.0 for controls
and 0.63 for retinitis pigmentosa patients. Upon
comparison of the perfusion density in the whole
macula in each eye (Tab. I), there was a significant
drop of vascularity in RP group in comparison
to the control group (p > 0.05). In addition, the
superior half and inferior half of the macular area
showed significant perfusion drop in RP patients
in comparison to controls also (p > 0.05). All of
these values were taken for both SCP and DCP,
and the results were significant for both layers. Al-
though the foveal avascular zone (FAZ) areas were
enlarged in RP patients at both the SCP and DCP
levels, these figures failed to achieve statistical sig-
nificance in our study (p < 0.05) (Fig. 1). On the
other hand, choriocapillaris blood flow values were
not statistically significant from the values of the
control group. Then a comparison of vascular per-
fusion density overlying the optic disc among the
two groups was performed, revealing a significant
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Table I. Demographics and statistical analysis of all patients and controls

Control
Number of eyes (patients) 16 (8)
Gender (Male:Female) 4:4
Mean age (years) 42

Best corrected visual acuity

1.0(0D 1.0,0S1.0)

Snellen chart (decimal)

Perfusion density (mean value, %)

SCP 46.8
The whole image

DCP 48.1

SCP 46.8
Superior hemi

DCP 48.8

SCP 46.7
Inferior hemi

DCP 47.5

SCP 0.25
FAZ area (mean value, mm?)

DCP 0.25

0S 0.54
CBF (mean value, %)

OD 0.50
Optic disc vascular density (mean value %), RPC

0S 49.5
Whole image

OD 49.9

. ) 0S 52.1

Inside the disc

OD53.3
erllail 0S52.8

eripapillar
papriary OD 52.7

Patients p-value
16 (8)
4:4
44 0.35
0.63 (OD 0.650, OS 0.625) oD 0.004
0S 0.005
SCP 37.9 0.0008
DCP 37.6 0.00006
SCP 38.2 0.0008
DCP 37.4 0.0001
SCP37.5 0.0009
DCP 37.9 0.00008
SCP 0.32 0.2595
DCP 0.26 0.4755
0S0.68 0.1557
0D 0.68 0.0638
0S45.7 0S 0.02043
0OD45.8 0D 0.00853
0S47.7 0S 0.04106
0D 49.7 0D 0.02249
0S 44.2 0S 0.00301
0D 43.7 0D 0.00102

0D — oculus dexter, 0S — oculus sinister; SCP — superficial capillary plexus; DCP — deep capillary plexus; FAZ — foveal avascular zone; CBF — choriocapillaris blood flow;

RPC — radial peripapillary capillary

FAZ (mm?): 0358, PERIM (mm): 25382, AFD: 12274710 Expart Angs.

FIGURE 1. One of the patient’s foveal avascular zone (FAZ) area

drop in all parameters in RP patients: whole image,
inside the disc, and peripapillary (Fig. 2).

DISCUSSION

There has always been some speculation about
the reduction of retinal vascular supply in patients
with RP in comparison with healthy subjects. In the
era of OCTA, there have been few reports confirm-
ing this theory in a non-invasive, fast, and reliable
technique. We carried out this study to report our
results and to see if they are in general agreement
with this hypothesis.

Our results show that the vascular perfusion
density in the macular (SCP and DCP) and optic
disc area was significantly decreased in RP patients
while the FAZ area (SCP and DCP) was not signifi-
cantly different from controls

Changes in the vasculature and haemodynam-
ics of the retina have long been associated with RP,
Ophthalmoscopically, attenuation of the retinal ves-
sels is seen long before bone spicule pigment forma-
tion. In the pathology of eyes with RD, a reduction
of the oxygen consumption due to photoreceptor
cell loss has been suggested to cause oxygen dif-
fusion from the choroidal vessels into the inner
retina, which decreased the need for oxygen delivery
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Thickness(ILM - NFL)

Choroid (Below RPL)

RPC Density (%) Capillary Al
Whole Image 45.5 49.3
Inside Disc 527 6.1
Peripapillary 41.5 44.0

- Superior-Hemi 43.3 45.9
- Inferior-Hemi 38.8 423

RPC Vassal Densily(%) - Capillanes

FIGURE 2. One of the patient’s radial peripapillary capillary (RPC) vascular density map

from the retinal circulation; hence, oxygen diffusion
was assumed to cause an attenuation of the ves-
sels [5, 6]. Other histopathologic studies, however,
have revealed that the migration of retinal pigment
epithelium (RPE) cells around inner retinal blood
vessels stimulates deposition of extracellular matrix
that resembles ectopic Bruch’s membrane, and this
perivascular matrix progressively thickens and oc-
cludes the lumen of the vessels, leading to compro-
mised blood flow [7, 8].

Previous cross-sectional studies using spec-
tral-domain OCTA with a 3 x 3 mm image area
showed that the choriocapillaris blood flow in pa-
tients with RP was not different from those of con-
trols [4, 9]. On the other hand, Miyata et al. dem-
onstrated concentric and vermicular choriocapillaris
flow deficits in patients with RP using wide-angle
swept-source OCTA [10], which is a finding, ac-
cording to them, that could not be detected by
conventional angle OCTA with an image area of

3 x 3 mm because the maximum circle area detect-
able is smaller than the required area to detect these
findings [10]; our study result is in general consen-
sus with this study and does not show a significant
difference between RP patients and controls.

Previous studies have also demonstrated reduced
retinal blood flow in patients with RP using sev-
eral techniques, including high-resolution magnetic
resonance imaging (MRI), laser speckle flowgraphy
and laser Doppler flowmetry [11]. These results
correspond with the findings of the present study.
Nevertheless, Toto et al. reported that choriocapil-
laris capillary plexus densities in patients with mid-
dle- and late-stage RP were significantly lower com-
pared to those in control subjects. This reduction in
choriocapillaris capillary plexus density is probably
secondary to the stage of RP [12].

We found that the FAZ area was non-significantly
larger in patients with RP than in controls (p > 0.05).
Recent studies are not conclusive regarding the ex-
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pansion of the FAZ area in patients with RP. Some
authors reported that the FAZ at the deep capillary
plexus level was larger in patients with RP than in
controls [4]. Other authors found no significant dif-
ference in the FAZ in both superficial and deep layers
between patients with RP and controls [13].

We are aware of the limitations to this study,
which include the small sample size. The main rea-
son behind this is that OCTA is a relatively new
device; hence, it is challenging to collect patients
with longer follow-up who qualify for the study.
Moreover, in order to produce an accurate analysis,
only patients with high-quality OCTA scans were
analysed. Due to the fact that the acquisition of
high-quality OCTA images is heavily dependent
upon the patient’s ability to fixate, most patients
with advanced RP were excluded from the study
because they lacked fixation due to poor vision. This
dramatically decreased the sample size (eight out of
80 patients) and limited the possibility of studying
changes in the retinal and choroidal vasculature in
patients with advanced RP, a stage at which one
might observe significant changes.

CONCLUSION

Given the abovementioned results, we recom-
mend using OCTA as an auxiliary test when ap-
proaching patients with RP
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