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Abstract: Objective: To describe and analyze the clinical features and results of exome sequencing of a distinct
form of retinitis pigmentosa (RP) associated with retinal vascular occlusion (RVO). Design: This case series was a
retrospective study. Participants: 23 patients with RP/RVO during 1992-2015. Methods: Information obtained from
medical records includes age, gender, clinical history, visual acuity, and results of investigations using the slit-lamp,
indirect ophthalmoscope, fundus photography, optical coherence tomography, angiography, electroretinography
(ERG) and visual evoked potentials (VEP). Exome sequencing was performed in 8 blood samples. Results: Both eyes
were affected. The optic disc was pale in 25 eyes, pale-white in 20 and normal in 1. Retinal vessels were attenuated in all eyes. There were widespread retinal pigment epithelium (RPE) abnormalities, including pigment discoloration and pigmented spots; no ‘bone spicules’ were observed. There was no inflammation, exudation, hemorrhage,
neovascularization or proliferative vitreoretinopathy. Dye filling of vessels (angiography) was minimal/absent in 22
eyes, extended 1-3 diameters from the disc in 12, reached the posterior pole in 8, and reached the periphery in 4.
ERG revealed severe a- and b-wave attenuation in 13 cases. VEP recordings showed implicit time prolongation and
reduced amplitude. In 2 cases, progression from an intermediate to an advanced stage took 3.5-4 years. Prognosis
was poor. In the results of exome sequencing, we found the SNP related RP, which had been reported previously.
Conclusion: RP with RVO may be a distinct form of RP.
Keywords: Choroidal vessel atrophy, optic atrophy, retinal pigment epithelium atrophy, retinal vessel occlusion,
retinitis pigmentosa

Introduction
Retinitis pigmentosa encompasses a group of
inherited pigmentary retinopathies that affect
approximately 1 in 4000 people [1-3]. Retinitis
pigmentosa is characterized by the progressive
degeneration of rod and cone photoreceptors
and loss of retinal pigment epithelium (RPE)
cells, eventually resulting in atrophy of retinal
tissue [1-3]. Typically, patients with this disease
initially experience night blindness (since
degeneration occurs first in photoreceptor
rods) followed sequentially by patchy losses of
mid-peripheral vision, tunnel vision and eventually loss of central vision [4, 5]. The main fundus changes in patients with retinitis pigmentosa include a waxy-pale optic disc, attenuation of the retinal vessels, extensive retinal
atrophy, areas of depigmentation and pigmen-

tary deposits (initially in the peripheral retina)
that resemble bone spicules [4, 5]. Electroretinography (ERG) characteristically shows attenuation of a- and b-waves [5]. Currently, there
are no known therapies that can stop or reverse
the progression of the disease; hence, prognosis is poor.
In recent years, retinitis pigmentosa with progressive retinal vascular occlusion has been
increasingly recognized in the clinical setting,
but there have been few publications describing this uncommon presentation of the disease.
In China, a few case reports have been published describing a small number of patients
with ‘primary bilateral vaso-obliterative optic
neuroretinopathy’, which was considered by
various authors to be vascular occlusion of
unknown cause [6-9]. However, the manifesta-
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tions of the disorders described in these studies were consistent with those of retinitis pigmentosa, but with some unique features of
vascular occlusion. Other than one report of a
patient with retinitis pigmentosa and Usher
syndrome who developed ischemic central retinal vein occlusion in one eye [10], there have
been no international (i.e. non-Chinese) studies
of retinitis pigmentosa with progressive retinal
vascular occlusion. Respectful Dr. Donald Gass
once pointed out that obliteration of the vessels was very unusual after receiving our material. The primary description of the clinical
characteristics of patients with retinitis pigmentosa and progressive retinal vascular
occlusion were published in Chinese Journal of
Ophthalmology in 2005 [11]. The author also
reported this point of view in the conference
speech at the 116th Annual Meeting of the
Japanese Ophthalmological Society in 2012
and found no related reports in Japan. The
disease has not yet been reported out of China
till now. Tongren Hospital is the largest ophthalmic center in China, and provides abundant
opportunities to collect and study RP with RVO
cases. This article describes the clinical features of retinitis pigmentosa with retinal vascular occlusion based on a retrospectively analyzed case series from 1992-2015, incorporates further analysis on exome sequencing,
and thus improves the understanding of the
main characteristics of this disease.
Patients and methods
Patients
This case series was a retrospective analysis of
patients with retinitis pigmentosa and retinal
vascular occlusion examined at the Beijing
Tongren Eye Center (Beijing, China) between
1992 and 2015. The study was approved by
the ethics committee of Beijing Tongren Eye
Center. Due to the retrospective nature of the
analysis, informed consent from the study participants was deemed not to be required.
The inclusion criteria were: 1) clinical examination revealed fundus changes that were characteristic of retinitis pigmentosa, including a
pale optic disc, retinal vessel attenuation, extensive retinal atrophy, areas of depigmentation and/or pigmentary deposits; 2) ERG demonstrated depression or extinguishment of aand b-waves; and 3) fundus photography, fun5803

dus fluorescein angiography or indocyanine
green angiography also provided evidence of
retinal vascular occlusion. The patient was
excluded from the analysis if any of the following was detected: 1) retinal hemorrhage; 2) retinal neovascularization; 3) vitreoretinal proliferation; 4) vitreous hemorrhage.
Data collection
The following clinical information was retrospectively collected from the patients’ electronic records: age; gender; clinical history including presenting symptoms and disease duration
(i.e. time from the initial occurrence of symptoms); visual acuity; and the results of clinical
examinations using the slit-lamp, indirect ophthalmoscope, fundus photography, optical
coherence tomography (OCT), fundus fluorescein angiography (FFA), indocyanine green angiography (ICGA), ERG and visual evoked potential (VEP) measurement.
Follow-up
Patients were followed-up every 3-6 months.
Clinical examinations conducted at follow-up
included visual acuity testing, slit-lamp examination, fundus photography and fluorescein
angiography.
Statistical analysis
A descriptive statistical analysis was undertaken. Data were analyzed using SPSS 19.0 software (SPSS Inc., Chicago, IL, USA). Continuous
data are presented as the mean ± standard
deviation (SD), while count data are expressed
as numbers and percentages.
Results
Baseline clinical characteristics of the patients
included in the study
A total of 23 patients (12 males; 52.2%) were
included in the final analysis. Patient age averaged 49.96 ± 15.80 years and ranged from
6-70 years (<30 years, 2 cases; 30-40 years, 2
cases; 41-50 years, 7 cases; >50 years, 12
cases). Both eyes were affected in all patients.
The presenting symptom in all cases was
blurred vision in one or both eyes. The duration
of the disease (from the time of the initial symptoms) ranged from 2 months to 10 years. There
was no family history of retinitis pigmentosa or
Int J Clin Exp Med 2018;11(6):5802-5810
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resembling bone spicules
were observed. There were no
signs of inflammation, exudation, hemorrhage, neovascularization or proliferative vitreoretinopathy. Choroidal vessels were seen in advanced
cases (Figures 1, 2).
Angiography
The fluorescence of the optic
disc detected during angiography varied between patients
and ranged from hypofluorescence in the early phase and
faint dye staining in the later
phase to a normal appearance. Vascular filling with dye
was minimal or absent at the
optic disc in 22 eyes (47.8%);
extended 1-3 disc diameters
from the disc in 12 eyes
(26.1%); extended to the posterior pole in 8 eyes (17.4%);
and reached the equator or
periphery in 4 eyes (8.7%;
Figure 2. Color photographs of the fundi in a 53-year-old female (case 22). A.
Table 1). In all eyes, fluoresRight eye. The optic disc was very pale (‘moon-like’) and the retinal vessels
cein staining of the peripheral
were obliterated. B. Left eye. The optic disc was pale and the retinal vessels
retina had a ‘salt-and-pepper’
were attenuated.
appearance; in addition, 16
eyes also showed ‘salt-andhistory of aphthous ulcer or contact with poipepper’ staining of the macular area. Vascular
sons/toxins for any of the patients.
staining with dye was observed in 4 eyes. ICGA
showed that the choroidal vessels were attenuVisual acuity was determined to be ≤0.05 in 31
ated, choroidal fluorescence was faint and dye
eyes (no light perception, 11 eyes; light percepregression was rapid. Pigmented spots were
tion, 9 eyes; hand motion, 4 eyes; finger countobserved to block the fluorescence. Vascular
ing, 2 eyes); 0.06-0.3 in 7 eyes; and >0.3 in 8
occlusion was also seen, similar to that detecteyes. No anterior segment inflammation or iris
ed by FFA.
neovascularization were observed.
OCT, visual field examination and electrophysiSlit-lamp and fundus examinations
ological investigation
Figure 1. Color photographs of the fundi in a 17-year-old male (case 9). A.
Right eye. B. Left eye. In both eyes, the optic disc was very pale (‘moon-like’),
the retinal vessels were obliterated and there were widespread abnormalities of the retinal pigment epithelium, including pigment discoloration.

Ocular tension was normal in all eyes. Cataracts
were present in both eyes of 10 cases (43.5%).
The optic disc color was pale in 25 eyes (54.3%),
very pale (‘moon-like’) in 20 eyes (43.5%) and
normal in 1 eye (2.2%). The retinal vessels in all
eyes were attenuated, especially on the nasal
side where there was tapering from a normal
blood column in the periphery to no blood column at the optic disc. There were widespread
abnormalities of the RPE, including pigment
discoloration and the presence of tiny, pigmented spots; however, no typical pigmentary spots
5804

OCT demonstrated thinning of both the neurosensory retina and RPE layer and flattening of
the macular curve (indicating disappearance
of the macular fovea). Visual field examination
showed concentric contraction to 10-20º in 13
cases. ERG revealed complete or severe attenuation of a- and b-waves in 13 cases. VEP
recordings showed a prolonged implicit time
and a greatly reduced or zero amplitude. Transcranial Doppler ultrasound investigations were
normal in 5 cases. Color Doppler imaging in 10
cases showed abnormal central retinal artery
Int J Clin Exp Med 2018;11(6):5802-5810
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Table 1. Clinical features of the patients with retinitis pigmentosa and vascular occlusion
Case
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

Sex

Age

M
M
F
F
F
M
M
F
M
F
F
M
F
M
M
M
M
F
M
F
M
F
F

43
66
59
63
63
35
70
42
17
60
44
65
64
6
57
54
47
62
50
46
49
53
34

Visual acuity
RE
LE
LP
0.02
LP
0.6
HM
HM
NLP
HM
0.3
0.2
0.8
LP
NLP
0.3
0.5
0.8
LP
LP
0.02
NLP
1.2
NLP
FC
HM
0.1
0.1
LP
LP
0.6
NLP
0.01
NLP
NLP
0.1
NLP
NLP
NLP
LP
FC
0.8
0.04
NLP
0.07
0.4
0.3
0.4

Anterior segment
RE
LE
Cat
Cat
Cat
Cat

Cat
Cat
Cat
Cat

Cat

Cat

Cat

Cat

Cat
Cat

Cat
Cat

Cat

Cat

Cat

Cat

Disc color
RE
LE
++
+
++
+
+
++
++
+
+
+
+
++
++
+
+
+
++
++
+
++
N
++
+
++
+
+
++
+
+
++
+
++
++
+
++
++
++
+
++
+
+
++
+
+
+
+

Retinal vessel
RE
LE
1
2
1
3
2
2
1
2
3
3
1
1
1
2
3
4
1
1
2
1
4
1
2
1
2
3
1
1
4
1
3
1
1
2
1
1
1
2
1
4
2
1
1
3
2
3

Abbreviations: Cat, cataract; F, female; FC, finger counting; HM, hand motion; LE, left eye; LP, light perception; M, male; NLP,
no light perception; RE, right eye. Key to disc color observations: ++, pale-white optic disc (‘moon-like’); +, pale optic disc; N,
normal optic disc. Key to retinal vessel observations: 1, vessel dye barely seen or no vessel dye on disc; 2, vessel dye extends
1-3 disc diameters from the disc; 3, vessel dye extends to the posterior pole; 4, vessel dye extends to the equator or periphery.

blood flow with increased resistance and normal blood flow in the ophthalmic artery.
Follow-up
In 2 cases, the progression of retinitis pigmentosa from an intermediate to an advanced
stage took 3.5-4 years (Figures 3, 4). The prognosis was poor. At the time this study was
undertaken, 26/46 eyes (56.5%) were blind
and 12/46 (26.1%) had low visual acuity. In the
absence of an effective therapy, all eyes eventually went blind.
Genetic screening
Genetic screening by exome sequencing was
performed in 6 cases and additionally in the
parents of case 23. Mutations were found in
genes known to be related to retinitis pigmentosa (such as RP1 and USH2A) as well as in
5805

unknown genes. The missense variants of RP1
gene were found in case 22, the father of 23
and 23 herself. The missense variants of
USH2A gene were found in case 1, 2 and 23.
KEGG pathway analysis indicated that the
mutated genes were involved in several pathways, including those relating to apoptosis, vascular endothelial growth factor and retinol
(Table 2).
Discussion
The present retrospective case series describes 23 patients which accord with the diagnosis
of retinitis pigmentosa with retinal vascular
occlusion. To the best of our knowledge, this
particular disorder has not been reported outside of China. Although one international study
described a single patient with retinitis pigmentosa and Usher syndrome who developed ischemic central retinal vein occlusion in one eye
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Figure 3. Color photographs of the fundi in a 35-year-old male (case 6) at
presentation. A. Right eye. Visual acuity was 20/25. The disc was mildly
pale. The arteries showed narrowing, and mild pigmentary changes were
evident in the temporal fundus (visible at the temporal edge of this photograph). B. Left eye. Visual acuity was ‘light perception’. The disc was markedly pale. The vessels were greatly attenuated and occlusion of the arteries was evident. There were diffuse pigment abnormalities throughout the
posterior pole.

asymmetrical involvement in
the early stages, a history of
nyctalopia and ocular manifestations characteristic of
both retinitis pigmentosa and
retinal vascular occlusion. The
patients described in the
study had clinical manifestations consistent with retinitis
pigmentosa (optic atrophy, retinal vessel attenuation, RPE
atrophy with depigmentation
and/or fine pigment spots,
and almost complete a- and
b-wave extinction on ERG)
as well as additional unique
features, including total or
near-total vascular obliteration, marked optic atrophy in
the later stages and choroidal
vessel abnormalities. It is
important to note that visual
loss was more rapid in this
form of retinitis pigmentosa
than in the typical form.

The pathogenesis of retinitis
pigmentosa combined with
retinal vascular occlusion remains unknown. One possibility is that the disorder may
be caused by vascular inflammation, such as the disease
which is associated with Behçet’s disease. The age range
of these patients is wide. The
lesions are asymmetrical in
both eyes, and vascular leakage could be present in some
Figure 4. Color photographs and fluorescein angiograms of the fundi in a
35-year-old male (case 6) 3.5 years after presentation. Visual acuity in both
cases. However, in the preseyes was ‘light perception’. Upper left: Color photograph of the right eye.
ent study, there were no signs
There was marked disc pallor, diffuse mild abnormalities of the retinal pigof inflammation in the anterior
ment epithelium and vessel obliteration, similar to that observed in the left
or posterior segments, and
eye at the initial presentation. Upper right: Fluorescein angiogram of the
right eye. No vascular filling with dye was observed. Lower left: Color photono instances of retinal hemorgraph of the left eye. Disc pallor, diffuse abnormalities of the retinal pigment
rhage, exudation, neovascuepithelium and vessel obliteration was seen. Lower right: Fluorescein angiolarization, proliferation, vitregram of the left eye, showing no vascular filling with dye.
ous hemorrhage, aneurysm at
the optic disk or at an artery,
[10], there have been no reports outside China
or aphthous ulcer. This would indicate that vasof bilateral retinal vascular occlusion in patients
cular inflammatory disease was not the cause
with retinitis pigmentosa. The clinical features
of retinitis pigmentosa and retinal vascular
of this disease include an insidious onset, slow
occlusion in our cohort data. Some authors [6,
progression to blindness, a middle-age predi7] have suggested that the primary pathogelection (the average age of our patients was
netic site may be the vascular system and that
~50 years), the involvement of both eyes with
this in turn leads to neuroretinopathy, i.e. the
5806
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Table 2. The results of secondary screening (removing low quality sites) have been reported in the RP
related genes
Chr
Position
dbSNP ID
In # of Samples
1
216172380
rs10864219
6
1
216219781 rs6657250, COSM146769
5
3
100963154
rs571391
8
6
65622463
rs9294631
6
8
55539057
rs444772
3
X
38144822
rs12688514
2
X
38144856
rs12687163
3
X
38147170
rs1801688
2
X
38156677
rs1801687
2

RPE derangement was secondary to vascular
changes. We agree that vascular changes are
likely to be an important factor in the disease.
We also found that RPE atrophy was already
evident in cases where the retinal vessels were
not occluded. Furthermore, vascular occlusion
did not completely parallel the distribution of
the RPE atrophic area, and there were cases
in which vascular filling with dye was evident
despite the ERG b-wave being dramatically
attenuated or absent. These observations cannot be explained by vascular changes alone
but could be accounted for by dystrophy of the
retinal outer segment and choroid (including
the photoreceptors, RPE and choriocapillaris).
The major characteristics of this disease were
optic atrophy, retinal vessels attenuation or
obliteration, wide spread RPE depigmentation
and/or fine pigment spots, total or nearly total
ERG a- and b-wave extinction. As these findings
were in accordance with the characteristics of
RP, we believe that this type of disease is probably a form of tapeto-retinal dystrophy; however, it alsodiffers from typical retinitis pigmentosa in four ways. First, there was progressive
vascular occlusion. The vessels initially became
attenuated and occluded from the periphery to
the posterior pole before finally becoming totally occluded; this occurred at different times
to different patients after the disease onset.
FFA angiograms demonstrated that, eventually,
only a small residual section of the disc showed
vascular filling with dye, or there was complete
absence of vascular filling with dye at the
disc; typically, these changes are not seen in
advanced retinitis pigmentosa. Second, there
was striking optic atrophy, with the optic disc
changing from an initial pale color to almost
white-quite different from that seen in typical
advanced retinitis pigmentosa. Moreover, mea5807

Desctription
Usher syndrome 2A (autosomal recessive, mild)
Usher syndrome 2A (autosomal recessive, mild)
Interphotoreceptor matrix proteoglycan 2
Eyes shut homolog (Drosophila)
Retinitis pigmentosa 1 (autosomal dominant)
Retinitis pigmentosa GTPase regulator
Retinitis pigmentosa GTPase regulator
Retinitis pigmentosa GTPase regulator
Retinitis pigmentosa GTPase regulator

surement of VEP showed that optic nerve function was seriously compromised. Third, RPE
atrophy was prominent and occurred with or
without the presence of fine pigmented spots;
there were no deposits resembling bone spicules. Thus, some cases resembled retinitis pigmentosa sine pigmenti. But retinitis pigmentosa sine pigmenti is without the above specific
characteristics presented in our cases. Fourth,
the disease seemed to develop more rapidly
than typical retinitis pigmentosa. In 2 cases,
the progression from an intermediate to an
advanced stage took 3.5-4 years. It is recognized that retinitis pigmentosa has many phenotypes, and the disorder described in this
study may be one of those. However, in order to
be recognized as a distinct entity, it would be
necessary to establish that this form of retinitis
pigmentosa has its own unique set of gene
mutations. Dr. Donald Gass once via mail considered that vascular change of the disease
was unusual after receiving our material and
pointed out that RP has many phenotypes. It’s
unlikely to be a new title unless it has its own
gene changes. This disease was not described
in his books, neither in Heckenlively’s papers.
This point of view was once selected as the
conference speech in the 116th annual meeting of the Japanese Ophthalmological and international meeting in 2012, no related reports
existed in Japan when conference communicated.
From a clinical perspective, it will be important
to differentiate this form of retinitis pigmentosa
from bilateral progressive occlusive retinal vasculitis [12, 13], Behçet’s disease or idiopathic
retinal vasculitis, aneurysms and neuroretinitis
(IRVAN) syndrome [14, 15]. The latter disease
presents with aneurysms at the optic disk or at
Int J Clin Exp Med 2018;11(6):5802-5810
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an artery, exudative retinopathy, uveitis, vascular occlusion that develops from the periphery
to the posterior pole, and sometimes neovascularization on the disc and/or iris, proliferative
vitreoretinopathy and vitreous hemorrhage.
The prognosis of IRVAN syndrome is notably
better than that of the disorder described in
this study, since IRVAN syndrome is sensitive
to laser photocoagulation and vision can be
saved if the disease is treated early. Behçet’s
disease presents with both anterior and posterior inflammation, relapsing aphthous ulcer,
erythema nodosum, hypopyon in the anterior
chamber and vascular inflammation and occlusion in some advanced cases; these features
can differentiate Behçet’s disease from the disorder presented in this case series.
Exome sequencing [16-26] was performed in 8
blood samples (6 from patients, and 2 from 1
patient’ parents). We tried to find the potential
sites and pathogenic genes considering the
real clinical experience [27-37]. Single Nucleotide Polymorphism (SNP) sites related RP were
found in the results of exome sequencing.
Mutations were found in genes known to be
related to retinitis pigmentosa (such as RP1
and USH2A) as well as in unknown genes. For
example the missense variants of RP1 gene
were found in case 22. It is still under investigation that whether the sites have functional
relation with RP. Many unknown gene mutation
sites which lead to amino acid modified were
tried to explain the reason of vascular occlusion. Gene annotation found that these sites
were related to apoptosis, neurodegeneration,
inhibited proliferation.
This study has some limitations. First, this was
a retrospective analysis, so it cannot be excluded that there was selection or/and reporting
bias. Second, since the analysis was descriptive in nature, it is not possible to draw definitive conclusions. Third, not all patients were
followed-up closely from the time of symptom
onset, hence a detailed understanding of how
the disease develops and progresses is lacking. Fourth, exome sequencing was only performed in some patients, prohibiting a detailed
analysis of the genetic mutations that may
underlie this disorder. Additional studies with
larger cohorts, longer follow-up, and greater
attention to genetic analyses of the cases and
their families may disclose the precise nature
of this disease.
5808

In conclusion, this study described the clinical
manifestation and exome sequencing features
of retinitis pigmentosa associated with retinal
vascular occlusion, and supported the perspective that it probably belonged to a kind of tapeto-retinal dystrophy, and vascular progressive
occlusion may be one of RP phenotypes. It
needs better follow up and family study to
answer the question.
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