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Retinitis Pigmentosa
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 Introduction

Retinitis pigmentosa (RP) is a heterogeneous group of dis-
orders characterized by the degeneration of photoreceptor 
cells and the retinal pigment epithelium (RPE), leading to 
profound vision loss or blindness. The prevalence of RP is 
approximately one in every 4000 individuals worldwide 
(Hartong et al. 2006). In 1836, Bernhard von Langenbeck 
used the term melanosis retinae to describe the pigmented 
condition of the retina during a postmortem examination 
(Langenbeck 1836). Later, in 1838, Friedrich von Ammon 
published drawings of widespread pigmentation based on 
pathological studies of the eye but did not correlate the con-
dition to night blindness (Ammon 1838) (Fig.  1.1). After 
Helmholtz invented the ophthalmoscope in 1851, van Trigt 
in 1853 and Ruete in 1854 identified this disease in living 
subjects and linked it to visual symptoms (van Trigt 1853; 
Ruete 1855) (Fig. 1.2), which was ultimately named retini-
tis pigmentosa in 1857 by Franciscus Donders (Donders 
1857). Even though there are no inflammatory processes in 
RP, the same name is still used today. To date, over a hun-
dred years later, several treatment options have been pro-
posed for patients with RP such as gene therapy, stem cells, 
and retinal prosthesis. However, long-term outcomes still 
need further investigation.
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Fig. 1.1 A pathology illustration of retina pigmentation, recreated 
from the original work by Friedrich von Ammon in 1838 (smaller 
image). At the time, the condition was not thought to be linked to the 
clinical symptom of night blindness

Fig. 1.2 Recreated image of the first illustration of RP under an oph-
thalmoscope by von Trigt where he described the pigmentation on the 
upper left blood vessel in 1853 (lower left image) 
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 Genetics and Inheritance Patterns

RP can be inherited as an autosomal-dominant (AD) (30–
40%), autosomal-recessive (AR) (50–60%), X-linked (XL) 
(5–15%), or mitochondrial trait (Hartong et al. 2006). It is a 
highly heterogeneous disorder with more than 50 culprit 
genes reported (RetNet 2017), and with various phenotypes 
and variants. One genotype can lead to different phenotypes, 
and a certain phenotype can be related to several different 
gene mutations.

RP can be divided into two main categories: Non- 
syndromic RP, where only the eyes are affected, and syndromic 
RP, where other neurosensory or systemic organs are also 
involved in addition to the eyes.

 Non-syndromic Retinitis Pigmentosa

 Typical Retinitis Pigmentosa

The initial presentation of RP is most commonly night blind-
ness, which begins before adolescence. Peripheral vision 
usually starts to be affected from young adulthood, with the 
visual field gradually constricting as the disease progresses, 
resulting in central tunnel vision. Depending on the gene 
involved,  some patients may completely lose their vision 
during their 60s (Hartong et al. 2006).

The classic triad of the fundus’s appearance in RP consists 
of retinal blood vessel attenuation, waxy pallor optic disc, and 

retinal pigment epithelium (RPE) cell alteration, resulting in 
bone-spicule intraretinal hyperpigmentation, especially in the 
mid-peripheral of the retina (Fig. 1.3). It is often a bilateral 
disease with a highly symmetrical fundus appearance 
(Fig. 1.4). However, despite the remarkable fundus features, 
central visual acuity may not be affected due to the preservation 
of the central retinal function. Several examinations and 
imaging modalities can help determine and document the 
severity and progression of RP.

 Clinical Assessment
Fundus photography is a basic documentation modality. 
However, this technique can only capture a limited view of the 
fundus with one film. Recently, the development of ultrawide 
field retinal imaging technique has allowed a more convenient 
way to record a wider view of the fundus without the need of 
montage. Therefore, it is especially useful in RP (Fig. 1.5).

The Goldmann perimetry is the main functional assess-
ment tool for monitoring RP severity and progression. The 
classic pattern of visual field (VF) deterioration in RP is con-
centric VF loss (Fig. 1.6). There are also different patterns, 
including mid-peripheral arcuate or ring scotoma (Grover 
et al. 1998) (Fig.1.7). However, all patients eventually end up 
with a residual central island and finally general depression 
of the VFs.

The full-field electroretinogram (ERG) demonstrates a 
reduced rod and cone response amplitude, and a delayed 
implicit time in RP (Fig. 1.8). ERG aids differential diagnosis 
and provides objective measurements of visual function and 

Fig. 1.3 The classic triad of retinitis pigmentosa fundus: waxy pallor disc, attenuated vessels, and mid-peripheral bone-spicule pigmentation. The 
macula is not yet involved and appears more orange in color
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correlates well with the VF study (Iannaccone et  al. 1995; 
Sandberg et al. 1996).

Optical coherence tomography (OCT) provides struc-
tural measurements of the posterior pole. The transitional 
zone between the reserved central retina and the peripheral 
abnormal retina show outer retinal structural changes in the 
OCT (Jacobson et  al. 2009; Hood et  al. 2011) (Fig. 1.9). 
Functional studies have found that these structural changes 
include the thinning of the outer nuclear layer (ONL) and 

disruption of the ellipsoid zone (EZ) and external limiting 
membrane (ELM) (Witkin et al. 2006; Sandberg et al. 2005; 
Matsuo and Morimoto 2007; Jacobson et al. 2010; Wolsley 
et al. 2009).

Fundus autofluorescence (FAF) imaging is also a useful 
and non-invasive assessment tool. Excessive accumulation 
of lipofuscin in RPE cells is related to photoreceptor cell 
degeneration and can lead to hyper-autofluorescence (AF) 
(Katz et al. 1986). A hyper-AF ring surrounding the macula 
was reported as being present in 59% of RP patients 
(Murakami et al. 2008) (Figs. 1.10 and 1.11). The ring may 
serve as a precursor of apoptosis of the RPE cells and indicate 
the transition area between reserved healthy central retina 
and the degenerated peripheral retina (Lenassi et  al. 2012; 
Greenstein et  al. 2012). The hyper-AF ring is related to 
structural changes of the retina on OCT (Greenstein et  al. 
2012; Lima et al. 2009), and the diameter of the ring is well 
correlated with the preserved EZ area (Wakabayashi et  al. 
2010). The ring diameter is also correlated with functional 
studies such as perimetry, pattern ERG, and multifocal ERG 
(Ogura et  al. 2014; Oishi et  al. 2013; Robson et  al. 2003; 
Robson et al. 2006), representing the size and function of the 
reserved retina and indicates disease severity. FAF imaging 
is non-invasive and offers an objective structural parameter, 
which is ideal for the documentation of progression (Lima 
et al. 2012; Robson et al. 2006). Together with OCT, it has 
been proposed that FAF should be performed upon RP 
patients annually as an assessment and follow-up tool 
(Sujirakul et al. 2015) (Fig. 1.12).

Fig. 1.4 Color fundus photograph showing attenuated retinal vessels and bone-spicule hyperpigmentation in the mid-peripheral of the retina. Note 
the symmetric fundus appearance between the two eyes

Fig. 1.5 Ultra-wide field retinal image of a patient with retinitis pig-
mentosa. The image clearly demonstrates the dense accumulation of 
hyperpigmentation, mainly distributed in the mid-peripheral of the 
retina. Note the round and patchy atrophic areas of the retina, which is 
more obvious with fundus autofluorescence imaging (Fig. 1.10). The 
linear shadow in the inferior were artifacts caused by eyelashes
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Fig. 1.7 Perifoveal arcuate scotoma is shown in the visual field exam. The arcuate scotoma corresponds well to the hypo-autofluorescent area in 
the fundus autofluorescence study 
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Fig. 1.6 Constricted visual fields in a retinitis pigmentosa patient. The two eyes are symmetric with the macula spared
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Fig. 1.7 (continued)
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Fig. 1.8 Electroretinogram (ERG) of a patient with retinitis pigmen-
tosa (RP) (upper two rows) compared to a normal subject (lower row). 
The full-field ERG shows a decrease in rod and cone amplitude in rod 

response and combined rod-cone response, as well as a delayed implicit 
time. The single-flash cone response also shows a decreased amplitude. 
In more advanced RP cases, the ERG is extinguished
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a b

Fig. 1.9 Optical coherence tomography (OCT) images showing struc-
tural changes in retinitis pigmentosa. (a) The retinal alterations are not 
obvious in the fundus photograph. The green line indicates the orienta-
tion of the OCT. (b) The fovea was preserved with normal retinal lami-
nation. The enlarged image demonstrates the transition from a normal 

retinal lamination in the fovea to a peripheral degenerated retina. These 
changes include the loss of the external limiting membrane (ELM) and 
the ellipsoid zone, and the thinning of the outer nuclear layer (ONL). The 
yellow dotted lines indicate the termination point of the ELM, and the 
blue dotted lines indicate the termination point of the ONL

a b

Fig. 1.10 Fundus autofluorescence images displaying variations of 
hyper-autofluorescent (AF) rings. The diameter of the hyper-AF ring 
correlated with the size of the preserved retinal structures and also the 
function of the retina (a, b). The transitional zone itself (i.e., the hyper-

AF area between the inner and outer border of the ring) can be a thin (a, 
b) or wide ring (c). Some patients have no apparent ring in FAF images 
(d)
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 Macular Abnormalities in Retinitis Pigmentosa
Compared to the general population, macular abnormalities 
are more frequent in patients with RP (Testa et al. 2014). 
These abnormalities include cystoid macular edema (CME), 
epiretinal membrane (ERM), macular hole, macular 
atrophy, and vitreoretinal interface disorders. An OCT 
examination is useful for detecting these changes in the 
posterior pole, and functional studies such as microperimetry 
offer objective measurements (Lupo et al. 2011; Battu et al. 
2015).

CME could compromise the central vision in RP patients 
earlier in the disease course. CME was reported to be present 
in approximately 10–50% of RP cases (Strong et al. 2017). 
Clinical diagnosis of CME is challenging by sole slit-lamp 
biomicroscopy. In fluorescein angiography (FA) and FAF, 
CME demonstrates a perifoveal petalloid pattern of hyper- 
fluorescence and hyper-AF, respectively (McBain et  al. 
2008) (Fig.  1.13). Various treatment methods have been 
used. Topical dorzolamide and oral carbonic anhydrase 
inhibitors (acetazolamide) have been used most widely, but 

c d

Fig. 1.10 (continued)

a b

Fig. 1.11 Hyper-autofluorescent ring in retinitis pigmentosa. (a) An 
ultra-wide field fundus autofluorescence (FAF) image showing a hyper- 
autofluorescent ring surrounding the fovea (white arrowheads). 

Hyperpigmentation and retinal round or patchy atrophic areas are easily 
observed by the FAF study. (b) The corresponding ultra-wide field 
color fundus photograph
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the response has been inconsistent. Other options of treating 
CME have been reported, which include intravitreal injection 
of anti-vascular endothelial growth factor (anti-VEGF) 
agents, steroids, and laser photocoagulation (Huckfeldt and 
Comander 2017).

ERM and macular hole can also interfere with central 
vision (Figs.  1.14 and 1.15). The prevalence of ERM or 
vitreomacular traction syndrome was 1.4–20.3%, and 0.5–
10% for macular hole (Ikeda et al. 2015). Surgical outcomes 
for these conditions have been reported, but visual function 

improvement was limited (Hagiwara et al. 2011; Ikeda et al. 
2015).

Macular atrophy and thinning are not rare in RP and have 
been reported in over 45% of patients (Sayman Muslubas 
et al. 2017; Thobani et al. 2011; Flynn et al. 2001). Different 
patterns of macular atrophy can be observed, including bull’s 
eye, cystic, or geographic atrophy (Flynn et  al. 2001) 
(Figs. 1.16, 1.17, and 1.18). Structural assessment by OCT 
demonstrates a reduction of foveal and ONL thickness, as 
well as the disruption of the ELM and the EZ (Fig. 1.18). 

Fig. 1.12 Progression of fundus autofluorescence and optical coher-
ence tomography (OCT) of the same patient 3  years apart. Note the 
constriction of the ring and the marching of the atrophic areas of retina 
toward the fovea. The hyper-autofluorescent ring corresponds to the 

structural alterations on the OCT (white dashed line). The enlarged 
OCT image showing the disruption of the ellipsoid zone and the 
external limiting membrane and thinning of the outer nuclear layer. The 
green lines indicate the orientation of the OCT
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Functional studies such as visual acuity and microperimetry 
correlated with the above structural alterations (Battu et al. 
2015; Aizawa et al. 2009).

A few cases of central serous chorioretinopathy (CSC) 
have been reported in RP (Dorenboim et al. 2004; Meunier 
et  al. 2008). Fluorescein angiography (FA) study has 
demonstrated the characteristics of typical CSC including a 
hyperfluorescent smoke-stack leaking point in the macular 
area and pooling of fluorescein dye in the subretinal space 
(Fig.  1.19). Bone-spicule hyperpigmentation blocks 
fluorescence in both FA and indocyanine green studies. RPE 
atrophic areas result in window defects in the mid-periphery.

A few other macular abnormalities can be seen in com-
bination with RP, such as macular retinoschisis and poste-
rior staphyloma (Figs. 1.20 and 1.21). These conditions are 

commonly related to pathological myopia (Steidl and Pruett 
1997; Benhamou et al. 2002) but are rarely associated with 
RP in the literature.

 Optic Disc Drusen in Retinitis Pigmentosa
The largest series to date showed that the incidence of nerve 
fiber layer drusen involving the optic disc or parapapillary 
regions in RP was approximately 10% (Grover et al. 1997), 
which is higher than the incidence of 0.34–2.4% in the 
general population (Auw-Haedrich et al. 2002). In a specific 
subgroup of RP with preserved para-arteriolar RPE, the 
incidence was even higher (39%) (van den Born et al. 1994). 
Optic disc drusen (ODD) was also found in some syndromic 
RP such as Usher syndrome and nanophthalmos-retinitis 
pigmentosa-foveoschisis-ODD syndrome (Edwards et  al. 
1996; Ayala-Ramirez et  al. 2006) and was related to 
mutations in the membrane-type frizzled-related protein 
(MFRP) gene and the crumbs homolog 1 (CRB1) gene 
(Crespi et al. 2008; Paun et al. 2012).

Differentiating ODD from papilledema via funduscopic 
examination can be difficult, because both situations appear 
as swollen optic discs. B-scan echography can readily detect 
ODD, but only if the drusen become calcified. On FAF imag-
ing, if the ODD is superficially located, it appears as a 
marked hyper-AF spot in the optic disc (Fig. 1.22). On FA 
imaging, ODD displays staining without leakage, whereas 
true papilledema shows leakage in the early or late phases 
(Chang and Pineles 2016).

 Other Abnormalities in Retinitis Pigmentosa
Although rare, retinal exudation, retinal hemorrhage, telan-
giectasia, retinal angioma, and exudative retinal detach-
ment can also be found in RP. These retinal changes have a 
resemblance with Coats’ disease and are referred to as 
Coats-like RP (see Coats-like Retinitis Pigmentosa). The 
condition is related to the CRB1 gene mutation (de 
Hollander et al. 2001; Bujakowska et al. 2012) but has been 
also reported in Usher syndrome and other RP variants 
(Fig.  1.23) (Murthy and Honavar 2009; Kiratli and 
Ozturkmen 2004; Osman et al. 2007). Retinal angioma is a 
secondary vasoproliferative tumor caused by benign 
vascular and glia proliferations. It is usually small, remains 
stable, and requires no treatment.

 Differential Diagnosis
Many retinopathies with pigmentary changes can mimic RP 
and lead to misdiagnosis or diagnostic confusion. We should 
be especially aware of the three treatable RP-like conditions: 
abetalipoproteinemia (Bassen–Kornzweig syndrome), 
phytanic acid oxidase deficiency (Refsum disease), and 
familial isolated vitamin E deficiency (Grant and Berson 
2001). Early diagnosis and treatment of these abnormalities 
could reverse the disease’s impact on vision.

a

b

Fig. 1.13 Cystoid macular edema (CME) imaged by fundus autofluo-
rescence (AF). (a) The perifoveal petalloid hyper-AF is a characteristic 
of CME.  There are also features of retinitis pigmentosa, including a 
macula hyper-AF ring and mid-peripheral patchy atrophic areas, which 
are well demonstrated by hypo-AF. (b) The corresponding optical 
coherence tomography image reveals the thickening and accumulation 
of cystoid fluid in the fovea

1 Retinitis Pigmentosa
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a b

Fig. 1.14 Retinitis pigmentosa with epiretinal membrane (ERM). (a) 
The color fundus photography shows puckering of the macula. There 
are some atrophic areas outside the macular area, but the typical 
pigmentary changes in the mid-peripheral retina are not well 
demonstrated in this picture. The more recent technique of ultra-wide 

field retinal imaging can more readily document changes outside the 
posterior pole (Fig. 1.5). The green line indicates the orientation of the 
OCT. (b) An optical coherence tomography examination was used to 
detect macular changes, revealing a thin whitish epiretinal membrane

a b

Fig. 1.15 Usher syndrome with macular hole. (a) A middle-aged 
woman had attenuated retinal vessels, mid-peripheral 
hyperpigmentation (not visible on this posterior pole picture), macular 
hole, and hearing impairment. The green line indicates the orientation 
of the OCT. (b) Optical coherence tomography image shows a full- 

thickness macular hole formation. Her older brother had similar fundus 
appearance except for the macular hole and had hearing problems. 
Their parents were first cousins without similar ocular or hearing 
abnormalities. Based on the symptoms and family history, the 
impression was Usher Syndrome with macular hole formation

H.-D. Chou et al.
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a b

Fig. 1.16 “Bull’s eye” macular atrophy in retinitis pigmentosa (RP). There are typical changes of RP in the mid-periphery (a) with the superior 
sector spared. (b) The macular atrophy is apparent with a remaining perifoveal ring and a foveal island, forming a “bull’s eye” configuration 

a b

c d

Fig. 1.17 Geographic macular atrophy in retinitis pigmentosa. The well-demarcated macular atrophic area is seen in the fundus photos (a, c) and 
is more apparent in the fundus autofluorescence images (b, d). The fovea was affected
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Many inherited retinal diseases can also be difficult to 
distinguish from RP. Cone/cone-rod dystrophy (CRD) is a 
form of retinal dystrophy, involving macular cone cells 
initially, and can have RP-like peripheral bone-spicule 
pigmentation in later stages. Leber’s congenital amaurosis 
(LCA) is featured by severe visual impairment since 
infancy, often accompanied with nystagmus and oculo-
digital sign. The fundus appearance in LCA could range 
anywhere from normal to RP-like. Other conditions such as 
Bietti’s  crystalline dystrophy,  choroideremia, Sorsby 
fundus dystrophy, and Stargardt macular dystrophy can 
also be confused with RP in advanced stages.

Some acquired conditions can cause diffuse chorioretinal 
atrophy and pseudoretintis pigmentosa. Syphilis, congenital 
rubella, drug toxicity (thioridazine, chloroquine, hydroxy-
chloroquine, quinine, chlorpromazine), acute zonal occult 
outer retinopathy (AZOOR), or cancer-associated retinopa-
thy (CAR) should all be listed as RP differentials. Traumatic 
retinopathy and diffuse unilateral subacute neuroretinitis 
(DUSN) cause unilateral pigment clumping and unilateral 
RP. Careful ophthalmic examinations and systemic investi-
gations in the patient and family members are the key to a 
final diagnosis.

 Treatment
Although a definitive cure for RP has not yet been discovered, 
ophthalmologists, armed with new knowledge regarding the 
disease, are now even more able to offer aid to patients. These 
treatments include careful refraction, low vision aids, and 
genetic consultations. Managing RP complications, such as 
cataract and CME, is also an important measure.

Whether to use nutritional supplements is a question fre-
quently asked in clinics. These supplements include vitamin 
A, vitamin E, docosahexaenoic acid (DHA), lutein, and 
β-carotene, but the effectiveness of these drugs remain con-
troversial (Rayapudi et  al. 2013; Brito-Garcia et  al. 2017; 
Berson et al. 1993, 2004, 2010).

Several new treatment approaches are under investigation 
in clinical trials or animal studies (Jacobson and Cideciyan 
2010). Electronic retinal implants are already available 
commercially and could offer limited vision for end-stage 
RP patients (Luo and da Cruz 2016; Chuang et al. 2014). An 
innovative method for LCA, which is caused by an RPE65 
gene mutation, is gene therapy (see Treatment section in 
Leber’s Congenital Amaurosis). Inspired by success in LCA, 
optogenetic therapy involves the introduction of genetically 
encoded light sensors via adeno-associated viral (AAV) 

a b

c

Fig. 1.18 A 32-year-old patient with retinitis pigmentosa with “bull’s 
eye” macular atrophy and peripapillary atrophy. (a) Only a perifoveal 
ring and a small central foveal island are left. (b) However, the perifoveal 
ring and the foveal island both show hyper-autofluorescence, indicating 

that retinal pigment epithelial cell function was already altered in these 
areas. The green line indicates the orientation of the optical coherence 
tomography cross section. (c) Outside the central island, the outer retinal 
structures are lost. The vision was counting fingers
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Fig. 1.19 Retinitis pigmentosa with central serous chorioretinopathy. 
The typical smoke-stack leakage is well demonstrated by the serial 
fluorescein angiography (FA) images. In the mid-periphery, bone- 

spicule hyperpigmentation blocks fluorescence in both FA and 
indocyanine green (ICG) images, and the hyperfluorescent spots clearly 
demarcate the atrophic areas

1 Retinitis Pigmentosa
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a b

Fig. 1.20 Macular retinoschisis in retinitis pigmentosa. The 31-year- 
old woman has myopia −3.0 diopter in the left eye, and she reported to 
have distorted vision. (a) It is hard to appreciate the schisis change in 
the macula in the ultra-wide field fundus photograph. Some scattered 

pigmentation and atrophic areas are seen in the periphery. The green 
line marks the orientation of the optical coherence tomography (OCT). 
(b) The OCT image reveals schisis in the outer plexiform layer, 
compatible with outer retinoschisis

a b

Fig. 1.21 A 28-year-old woman with retinitis pigmentosa and poste-
rior staphyloma. She has no myopia (+0.25 diopter by both autorefrac-
tion and subjective refraction). (a) The fundus photography shows 
chorioretinal atrophy with macular sparing. The green line marks the 
orientation of the SD-optical coherence tomography (OCT). (b) The 

SD-OCT image displays posterior staphyloma at the macular area. 
There are also outer retinal structural changes, including thinning of the 
outer retinal layer and disrupted external limiting membrane and 
ellipsoid zone

H.-D. Chou et al.
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vectors, making retinal cells responsive to light stimuli in 
animal studies (Busskamp et al. 2010; Bi et al. 2006; Lagali 
et al. 2008). It is hoped that these experimental approaches 
could assist RP patients, as well as patients with other 
inherited retinal dystrophy, in the near future.

 X-Linked Retinitis Pigmentosa

 Introduction
X-linked retinitis pigmentosa (XLRP) is an inherited condi-
tion that accounts for 6~17% of RP cases, but generally 
results in more severe phenotypes (Boughman et al. 1980; 
Boughman and Fishman 1983; Fishman 1978; Haim 1993). 
Although several XLRP pedigrees were reported in the early 
1900s, Usher was recognized as the first author who 

described an X-linked recessive RP pedigree in 1935 (Usher 
1935). Affected men (Fig. 1.24) show early onset of visual 
symptoms with night blindness followed by progressive 
constriction of the field of vision before the first two decades 
of life, which often leads to legal blindness in the fourth or 
fifth decade (Fishman et  al. 1988). XLRP is a genetically 
heterogeneous disorder. Mutations in the genes RP GTPase 
regulator (RPGR) located at Xp21.1 and RP2 located at 
Xp11.23 are responsible for most cases of XLRP (Breuer 
et al. 2002). The RPGR gene sequence variants account for 
more than 70% of XLRP (Pelletier et al. 2007; Sharon et al. 
2003) and the RP2 gene mutation is responsible for a further 
5–20% (Breuer et al. 2002; Pelletier et al. 2007; Sharon et al. 
2003).

In contrast, female carriers are usually asymptomatic, and 
their fundus appearance is variable (Wu et  al. 2018). The 

a

b

Fig. 1.22 Bilateral optic disc drusen (ODD) in a patient with retinitis 
pigmentosa (RP). The ODD could be an isolated feature or found in 
some syndromic RP such as Usher syndrome and nanophthalmos-RP- 

foveoschisis-optic disc drusen syndrome. (a) Fundus images display 
blurred optic disc margins. (b) ODD appears as a well-defined hyper- 
autofluorescent lesion on the fundus autofluorescence examination
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pathogenic mechanisms of XLRP carriers are not well under-
stood. However, histopathological studies in affected female 
carriers with different mutations in RPGR genes have shown 
some loss of photoreceptor cell nuclei and RPE abnormalities 
(Ben-Arie-Weintrob et al. 2005). A combination of adaptive 
optics with scanning laser ophthalmoscopy was used to dem-
onstrate the mosaic pattern of cone disruption, although car-
riers had normal visual acuity and no visual symptoms (Pyo 
Park et al. 2013). Furthermore, the radial pattern of locally 
increased FAF was described as a bright radial reflex extend-
ing to the periphery against a dark background and was fur-
ther investigated in carriers of XLRP (Wegscheider et  al. 
2004; Wu et  al. 2018) (Fig.  1.30). These results suggested 
that in XLRP carriers, random X-inactivation may aid in 
early embryogenesis during clonal expansion in photorecep-
tor cell differentiation and peripheral migration in the devel-
oping retina. Correct identification of XLRP in female 
carriers can lead to an accurate diagnosis and confirm the 

nature of an unrecognizable entity in an affected male rela-
tive. Early diagnosis of XLRP carriers and their sons is essen-
tial for genetic counseling and for identifying patients who 
may benefit from future experimental therapy.

 Clinical Features
Fundus appearance of affected men with XLRP may often 
show typical RP with or without the early onset of macular 
atrophy, including the characteristic bone-spicule clumping 
of intraretinal pigment located in the mid-periphery 
(Fig.  1.25), retinal arteriolar attenuation and a generalized 
hypopigmentation of RPE (Fig.  1.26). Waxy pallor of the 
disc and macular atrophy are usually signs of a more 
advanced disease (Fig. 1.27). FAF may show the presence of 
variably sized perifoveal rings and an arc of hyper-AF, which 
is not apparent on funduscopic photography, representing an 
area of an abnormal accumulation of lipofuscin in the RPE 
around a preserved sub-foveal region (Figs. 1.24, 1.25, and 

a

b

Fig. 1.23 A 25-year-old man with retinitis pigmentosa and Coats-like 
exudative vasculopathy. (a) Fundus examination showed peripheral 
multiple macroaneurysms (black arrows) with exudations (white 
arrow). His visual fields were severely constricted and electroretinogram 
was extinguished. The green lines indicate the orientation of the OCT. 

(b) SD-OCT revealed “thickened” and abnormally laminated retina. 
The foveal thickness was 446 μm in the right eye and 428 μm in the left 
eye. The patient also had hearing impairment since adolescence. 
USH2A mutation was confirmed and the final diagnosis was Usher 
syndrome with Coats-like exudative vasculopathy
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1.26). The increased central hyper-AF ring is associated with 
the disruption of the EZ and a decrease in outer retinal thickness 
on OCT (Figs. 1.26 and 1.27) (Lima et al. 2009). EZ width 
might be considered a structural surrogate for the VF in RP 
(Birch et  al. 2013). An ERG result may reveal absent or 
subnormal amplitudes.

In carriers of XLRP, fundus appearance is variable, rang-
ing from unremarkable (Fig. 1.29) to the presence of pig-
mentary change and tapetal-like reflex (TLR), which is a 
golden metallic-luster sheen on the retinal surface, usually 
within the perimacular area (Fig. 1.28). FAF imaging may 
show striking findings of TLR with hyper-AF (Figs. 1.28, 
1.29, and 1.30), even though TLR was not evident by color 
fundus examinations (Fig. 1.29). Wide-field AF may exhibit 
radial hyper-AF-orientated lines extending from the fovea 
to the periphery, with AF appearing as a characteristic bright 
reflex against a dark background (Fig.  1.30). Abnormal 
retinal structure such as EZ irregularities, EZ loss outside 

Fig. 1.24 This 11-year-old boy with X-linked retinitis pigmentosa had 
a history of poor visual acuity since his childhood. The visual acuity 
was 20/60  in the right eye and 20/30  in the left eye. The fundus is 
remarkable for hypopigmentation over the mid and extending into the 
far peripheral of the fundus. The fundus autofluorescence shows the 
presence of the perifoveal hyper-autofluorescence ring, which cannot 
be seen when using funduscopic photography. The optical coherence 
tomography illustrates the preserved ellipsoid layer in the fovea

Fig. 1.25 An ultra-wide field color fundus photograph of a patient 
with X-linked retinitis pigmentosa (XLRP), confirmed by genetic 
testing for mutation in RP2, which showed lacy-like spicules of pigment 
epithelial hyperplasia over the mid and far peripheral fundus. The 
fundus autofluorescence image shows the presence of the perifoveal 
hyper-autofluorescence ring. We differentiated the correct diagnosis 
from a typical diagnosis of retinitis pigmentosa clinically by identifying 
the presence of XLRP in the female carrier of his sister in Fig. 1.30
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30 30

Fig. 1.26 This patient is a 
23-year-old man with 
X-linked retinitis pigmentosa. 
Note the tessellated fundus 
change despite the lack of any 
myopia history. Fundus 
autofluorescence shows the 
perifoveal hyper- 
autofluorescence ring with 
hypo-fundus autofluorescence 
flecks. The optical coherence 
tomography reveals loss of 
the nerve fiber layer and 
photoreceptors outside the 
fovea. A visual field test 
confirmed peripheral 
constriction with tunnel vision 
only. Non-recordable 
electroretinogram was used to 
confirm the extinction of all 
rod and cone responses
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the fovea, increased reflectivity from the RPE–photoreceptor 
layer complex can be observed (Figs.  1.29 and 1.30). 
Hyper-AF might be related to the damage of photoreceptor 
cells, and the abnormal retinal structure with loss of the EZ 
seen on OCT was localized to areas of enhanced reflectance 
on FAF images (Fig. 1.30). ERG may show abnormalities of 
reduced amplitude or delayed cone-wave implicit time. This 
mosaicism and variability has been ascribed to lyonization 
(Wuthisiri et  al. 2013), a phenomenon characterized by 
random X-inactivation.

 Leber’s Congenital Amaurosis

 Introduction and Genetics
LCA (Leber congenital tapetoretinal degeneration, heredo-
retinopathia congenitalis, hereditary retinal aplasia, heredi-

tary epithelial dysplasia of retina, dysgenesis neuroepithelial 
retinae) is an early onset and severe form of inherited retinal 
dystrophy responsible for congenital blindness. The esti-
mated prevalence of LCA is 1–3 per 100,000, and it accounts 
for around 5% of all retinal dystrophies (Alkharashi and 
Fulton 2017; Chacon-Camacho and Zenteno 2015; Fazzi 
et al. 2003; Coussa et al. 2017). In 1869, German ophthal-
mologist Theodor von Leber first described the disease as a 
disorder characterized by profound visual loss at or near 
birth, wandering nystagmus, sluggish pupillary response, 
and a normal appearing fundus that progressed to pigmen-
tary retinopathy (Leber 1869). Franceschetti and Deiterlé 
later added severely reduced ERG and altered visual evoked 
potentials (VEP) (Franceschetti 1954). Other associated 
clinical appearances included oculo- digital sign, cataract, 
keratoconus, high hyperopia, high myopia, and nyctalopia 
(Lambert et al. 1989).

Fig. 1.27 This 59-year-old man with night blindness since high school 
was found to have retinal arteriolar attenuation and waxy pallor of the 
disc in both eyes. The optical coherence tomography shows atrophic 

change of the macula. Genetic testing revealed the presence of the 
RPGR mutation, confirming the diagnosis of X-linked retinitis 
pigmentosa
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LCA is mostly inherited in an autosomal recessive pattern, 
with 23 causative genes identified as affecting the 
developmental and physiological pathway of either 
photoreceptors or RPE (Chacon-Camacho and Zenteno 2015).

 Clinical Features
The diagnosis of LCA is made according to clinical signs. De 
Laey proposed the diagnostic criteria of LCA in 1991, 
including (1) early onset of poor vision (mostly before 

6  months of age), (2) sluggish pupillary response, (3) 
nystagmus, (4) oculo-digital sign, (5) extinguished or severely 
reduced ERG, (6) abnormal VEP, and (7) variable fundus (De 
Laey 1991).

LCA differs from typical RP in the age of visual impair-
ment and early development of retinopathy. Some inherited 
retinal dystrophies share similar presentation with 
LCA.  Patients with achromatopsia, congenital stationary 
night blindness and albinism may all present with nystagmus. 

Fig. 1.28 This carrier with X-linked retinitis pigmentosa has a tapetal- 
like reflex (TLR) and a golden metallic-luster sheen on the retinal 
surface located within the perimacular area in both eyes. Note that the 

striking findings of TLR with hyper-autofluorescence are also evident 
in autofluorescence images
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In comparison, patients with achromatopsia are unable to 
differentiate between different colors but have an improved 
contrast sensitivity at dimmer light. In addition, they have 
an absence of obvious fundus pigmentary changes and 

abnormal cone but preserved rod function on ERG. On the 
other hand, patients with congenital stationary night 
blindness have stationary impaired night vision, a normal 
fundus appearance, abnormal rod response, and 

Fig. 1.29 This carrier with X-linked retinitis pigmentosa has a tapetal- 
like reflex (TLR) with hyper-autofluorescence in the autofluorescence 
image even though TLR was not evident in the color fundus photo. The 
optical coherence tomography scan shows irregularities in the ellipsoid 

zone involving the macula. Higher magnification (right lower) of the 
area outlined by white dots shows the thinning of the outer nuclear layer 
(ONL) and a dentate appearance of the outer plexiform layer (OPL)
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electronegative ERG.  Albinism has generalized fundus 
depigmentation and foveal hypoplasia (den Hollander et al. 
2008; Koenekoop 2004).

The fundus appearance of LCA patients is highly vari-
able, ranging from normal to findings similar to that of typi-
cal RP, maculopathy, and macular colobomas (Figs. 1.31 and 
1.32). Some genotypes of LCA are associated with certain 
phenotypes (Table  1.1) (Alkharashi and Fulton 2017; 
Chacon-Camacho and Zenteno 2015; Coussa et  al. 2017). 
The RPE65 (LCA2) and LRAT (LCA14) genes are both 
involved in the retinoid cycle, which is responsible for the 
isomerization of vitamin A and production of lipofuscin 

(Takahashi et  al. 2011). Disruption of the cycle causes a 
diminished amount of lipofuscin, the source of AF. Therefore, 
patients with RPE65 or LRAT mutations have a loss of AF 
(Scholl et al. 2004; Lorenz et al. 2004) (Fig. 1.33). The CRB1 
(LCA8) gene is responsible for the polarization of 
photoreceptors. The phenotypic particularity of the CRB1 
mutation in LCA patients is an unlaminated thickened retina 
(Tosi et  al. 2009). The GUCY2D (LCA1), AIPL1 (LCA4), 
and RD3 (LCA12) genes are part of the photo-transduction 
cascade (Pasadhika et  al. 2010). Mutation in the AIPL1 
(LCA4) and RD3 (LCA12) genes presents with early 
maculopathy (Alkharashi and Fulton 2017; Dharmaraj et al. 

Fig. 1.30 This carrier with X-linked retinitis pigmentosa has tessel-
lated fundus changes of the retina in both eyes. Wide-field fundus auto-
fluorescence exhibit radial hyper-autofluorescence (AF) orientated 
lines extending from the fovea to the periphery as a characteristic bright 
reflex against a dark background. The detection of the peripheral radial 

hyper-AF pattern shown on the ultra-wide field image provided superior 
visibility. The optical coherence tomography shows ellipsoid zone loss 
in the macula corresponding to the areas of enhanced reflectance on the 
autofluorescence image
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2004) (Fig.  1.34). Patients with CEP290 (LCA10) may 
present with Coats-like RP (Yzer et  al. 2012) (Fig.  1.35). 
6q14.1 (LCA5), CRX (LCA7), and NMNAT1 (LCA9) gene 
mutations are associated with macula-coloboma like fundus 
(Mohamed et  al. 2003; Swaroop et  al. 1999; Koenekoop 
et al. 2012).

 Treatment
With notable genetic heterogeneity, LCA was considered 
incurable previously. Until 2008, with the advances in 
genome studies, three independent clinical trials have 
described the phase I-II outcome of gene therapy for RPE65 
mutation (LCA 2) (Bainbridge et  al. 2008; Maguire et  al. 

Fig. 1.31 These are the images of a 3-year-old patient with Leber’s 
congenital amaurosis (LCA). The Fundus photo reveals bone-spicule 
pigmentation at mid-peripheral retina, vessel attenuation, and diffused 
retinal pigment epithelium (RPE) alteration, which are typical findings 

of retinitis pigmentosa. Noted the early macula involvement in the LCA 
and the RPE change are marked. The optical coherence tomography of 
the macular shows loss of the ellipsoid zone

Fig. 1.32 Fundus photo of a 12-year-old boy with Leber’s congenital amaurosis, which shows bilateral macula chorioretinal change, and some 
pigmentation at the mid-peripheral retina. This patient is the elder brother of the patient in Fig. 1.31
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2008; Hauswirth et al. 2008). Mutation of RPE65 gene affects 
vitamin A metabolism, photoreceptor response, and thus 
vision. In addition, the mutation results in degeneration of 
RPE and photoreceptor cells. LCA caused by mutated RPE65 
has a disproportionately preserved outer retinal structure, 
giving it a window of opportunity for  gene- replacement 
therapy. The three clinical trials used subretinal delivery of 
recombinant adeno-associated virus vector during 
standardized 23 gauge vitrectomy (Wright 2015). The FDA 
approved 2 potential therapies for RP: a retinal prosthesis, 
approved only for patients with end-stage RP and RPE65 
gene therapy, approved only for patients carrying the RPE65 
mutation (Duncan et al. 2018). 

All studies have demonstrated an initial improvement 
with subsequent decline in visual sensitivity after gene 
therapy, with a possible dose–response effect (Bainbridge 

Table 1.1 Reported clinical features of LCA subtypes

Subtype Gene Clinical features
LCA1 GUCY2D Normal appearing fundus
LCA2 RPE65 Lack of autofluorescence
LCA3 SPATA7 Retinal atrophy
LCA4 AIPL1 Maculopathy, reduced macula thickness
LCA5 6q 14.1 Macula coloboma-like picture
LCA6 RPGRIP1 Normal then pigmentary change
LCA7 CRX Macula coloboma-like picture
LCA8 CRB1 Coats-like exudative vasculopathy,  

thick retina
LCA9 NMNAT1 Macula coloboma-like picture
LCA10 CEP290 Fundus pigmentation
LCA11 IMPDH1 Diffuse RPE mottling
LCA12 RD3 Macula atrophy
LCA13 RDH12 Bone spicules
LCA14 LRAT Lack of autofluorescence
LCA15 TULP1 Salt and pepper retinopathy

Fig. 1.33 A 9-year-old patient with Leber’s congenital amaurosis. The 
fundus photo reveals diffuse retinal pigment epithelium (RPE) altera-
tion, some bone-spicule pigmentation at the mid-peripheral retina, 

slight vessel attenuation, and chorioretinal change at the posterior pole. 
Note the loss of autofluorescence
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et al. 2015). Despite functional response, continuous loss of 
photoreceptors was observed, indicating an ongoing retinal 
degeneration during the process. The results disclosed that 
RPE65 gene therapy provided temporary and incomplete 
restoration of retinal function, prompting further study and 
the need for a vector delivery system with higher efficiency 
in the future (Bainbridge et al. 2015; Jacobson et al. 2015).

 Sector Retinitis Pigmentosa and Retinitis 
Pigmentosa Inversa

Sector retinitis pigmentosa is a rare variant of RP, usually 
involving the inferior nasal quadrant and is often bilaterally 

symmetric (Omphroy 1984). The affected areas demonstrate 
the features of typical RP, including retinal vessel attenuation 
and retinal pigment epithelial cell changes with 
hyperpigmentation (Figs. 1.36 and 1.37). The central vision is 
generally maintained, with peripheral VF defects corresponding 
with the affected areas. The condition is stationary or only 
slowly progressive. Mutations in the rhodopsin (RHO) gene 
have been associated with sector RP and transmit usually in an 
AD trait (Krill et al. 1970; Heckenlively et al. 1991).

Retinitis pigmentosa inversa (or inverse RP) is another 
rare RP variant (Ferrucci et  al. 1998; Sheth et  al. 2011). 
Pigmentation and chorioretinal atrophy link this condition to 
RP, but retinal changes occur in the macula initially and 
compromise the central vision in the very early phase 

Fig. 1.34 A 2-year-old patient with Leber’s congenital amaurosis 
(LCA) 4 (AIPL1 gene mutation). The fundus photo demonstrates 
diffused retinal pigment epithelium (RPE) alteration, especially at the 

macula with prominent xanthophyll. The optical coherence tomography 
shows thinning of the macula in the right eye
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a b

c

Fig. 1.35 A 9-year-old patient with Leber’s congenital amaurosis 
(LCA) 10 (CEP290 mutation). (a) The fundus photo reveals diffuse 
white dots in the right eye. (b) Coats-like exudation at the inferotempo-
ral and superonasal quadrants with fresh hemorrhage was found in the 

left eye. The patient underwent cryotherapy and retinal laser photoco-
agulation. (c) Three years later, the fundus photo shows diffuse white 
dots and marked retinal pigment epithelium (RPE) alteration at the 
macula

Fig. 1.36 A case with sector retinitis pigmentosa. (a) The fundus 
appearances in the two eyes are highly symmetric. (b) Instead of forming 
a perifoveal hyper-autofluorescent ring, the hyper-autofluorescent area is 
along the posterior border of the affected retina, designating the area with 
retinal pigment epithelial cell changes. (c) The visual fields corresponded 

well with the area with hyperpigmentation and chorioretinal atrophy. (d) 
The full-field electroretinogram shows decreased rod and cone response 
amplitude. The lower row is from a normal subject, for comparison. 
Despite the ERG changes, the visual acuity was still relatively preserved 
at 20/30 in both eyes due to macula preservation
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Fig. 1.36 (continued)

Fig. 1.37 Sector retinitis pigmentosa. The ultra-wide field retinal imaging displays symmetric fundus appearances. Apart from the typical retinitis 
pigmentosa changes in the inferonasal quadrant, the rest of the unaffected retina appears normal
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(Fig. 1.38). Peripheral vision remains intact. Other differen-
tial diagnoses should be ruled out, including LCA, progres-
sive CRD, central areolar choroidal sclerosis, as well as 
syphilitic retinopathy, retinal toxicity from phenothiazine 
use, and chloroquine retinopathy.

 CRB1 Retinopathy and Related Features

Mutations in the crumbs homolog 1 (CRB1) gene have been 
reported in multiple inherited retinal degeneration (IRD) 
phenotypes, including LCA8 , early onset rod-cone dystro-
phy, CRD, autosomal recessive retinitis pigmentosa, retinitis 
pigmentosa with preserved para-arteriole retinal pigment 
epithelium (PPRPE), pigmented paravenous chorioretinal 
atrophy (PPCRA), and retinal telangiectasia with exudation 
(also referred to as Coats-like vasculopathy or Coats-like 
RP) (Slavotinek 2016). Other CRB1-associated ocular condi-

tions include keratoconus and nanophthalmos. To date, more 
than 150 mutation variants have been reported on the CRB1 
gene (Slavotinek 2016), but genotype–phenotype correla-
tions are yet difficult to establish.

The CRB1 gene encodes the CRB1 protein. The CRB1 
protein is located in the subapical region of the photorecep-
tors and abuts the adherens junctions, which form the ELM 
in the mammalian retina (Bulgakova and Knust 2009). 
Alterations in the CRB1 protein affect photoreceptor mor-
phogenesis and homeostasis and influence the polarity of 
epithelial cells (Pocha and Knust 2013).

Unlike in other IRDs, the retina in patients with muta-
tions in CRB1 is usually thickened and coarsely laminated. 
The abnormal retinal structure resembles normal human 
fetal retina and suggests that CRB1 mutations affect the 
maturing process of normal retina lamination (Jacobson 
2003). This feature is most apparent in OCT studies 
(Fig. 1.39).

a

b

Fig. 1.38 Images of a 59-year-old patient with retinitis pigmentosa 
inversa. (a) Fundus photograph showing accumulated symmetrical 
pigments and retinal atrophy in the macula. (b) The fundus 

autofluorescence images clearly demonstrate the atrophic area in the 
posterior pole with some preserved retina in the fovea. The peripheral 
retina is also intact

1 Retinitis Pigmentosa



30

 Retinitis Pigmentosa with Preserved Para- 
Arteriole Retinal Pigment Epithelium (PPRPE)
The fundus appearance is unique in RP with PPRPE. Despite 
diffuse RPE degeneration, the RPE along the retinal arterioles 
is relatively preserved (Fig.  1.40). CRB1 mutations have 
been reported in approximately 74.1% of RP cases with 
PPRPE (Bujakowska et al. 2012).

 Coats-Like Retinitis Pigmentosa (Coats-Like 
Exudative Vasculopathy)
Coats’ disease is a rare idiopathic exudative retinal disease 
that features by aneurysmal dilation and telangiectatic retinal 
veins, yellow extravascular lipid depositions, and retinal 
detachment. It has male predominance and is usually 
unilateral. The association between RP and exudative 
retinopathy was first presented by Zamoranin in 1956 and 
has been termed Coats-like retinitis pigmentosa due to the 
resemblance. It affects 1–4% of RP cases (Pruett 1983) and 
has been reported to be associated with CRB1 gene mutations 
in approximately 53.3% of affected individuals (de Hollander 
et al. 2001; Bujakowska et al. 2012).

Coats-like RP has different demographic characteristics 
that relate classic Coats’ disease with older age, slight female 
predominance, and family history. The clinical presentation 
combines both the features of RP and Coats’ disease. 
Dilated, telangiectatic, or aneurysmal retinal veins are 
accompanied with lipid depositions and exudative retinal 
detachment (Fig. 1.41). In the areas not affected by Coats-
like changes, typical changes found in RP are displayed 
(Khan et al. 1988).

 Pigmented Paravenous Chorioretinal Atrophy 
(PPCRA)
RP with PPCRA is a rare phenotype of RP characterized by 
bilaterally symmetric paravenous distribution of RPE 
atrophy and pigment clumping. The subjects are often 
asymptomatic and are diagnosed incidentally during routine 
eye examination (Fig.  1.42). However, variable clinical 
presentations do exist, and symptoms of night blindness and 
ERG abnormalities have been reported (Fig.  1.43). Most 
documented cases were sporadic, but there was also an 

association with the CRB1 gene (McKay et al. 2005). FAF is 
a useful and noninvasive examination to demonstrate the dis-
tribution of RPE alterations (Hashimoto et  al. 2012) 
(Figs. 1.42 and 1.44).

 Enhanced S-Cone Syndrome (Goldmann–Favre 
Syndrome)

 Introduction
Enhanced S-cone syndrome (ESCS), also known as 
Goldmann–Favre syndrome, is a slowly progressive 
autosomal recessive retinal dystrophy caused by an NR2E3 
(photoreceptor-specific nuclear receptor, PNR) gene 
mutation. NR2E3, located on chromosome 15q23, encodes a 
ligand-dependent transcription repressor of cone-specific 
genes in rod photoreceptors and determines the differentiation 
of retinal progenitor cells. Mutations of NR2E3 disturb 
normal photoreceptor differentiation, possibly by encouraging 
a default from the rod photoreceptor pathway to the S-cone 
pathway, leading to decreased rod numbers and increased 
proportion of S-cones (Chen et al. 2005; Bernal et al. 2008; 
Bumsted O’Brien et al. 2004).

 Clinical Features
ESCS was first described by Marmor et al. (1990) as a dis-
ease characterized by night blindness, maculopathy, and 
increased S-cone sensitivity. The fundus appearance is highly 
variable, with the most classical phenotype being nummular 
pigment clumping at the level of RPE along the vascular 
arcades in adult ESCS patients (Yzer et al. 2013; Audo et al. 
2008) (Figs.  1.45 and 1.46). Whereas in younger patients, 
multiple whitish spots, whitish subretinal deposit and 
maculopathy are found (Wang et  al. 2009). Compared to 
typical RP, the distribution of pigment in ESCS confines to 
the mid-peripheral retina without peripheral involvement, 
and in a clumping pattern rather than dispersed. FAF images 
can present in a similar way to RP or as hyper-AF spots in 
younger patients. Wang et  al. (2013) studied the origin of 
these hyper-AF spots and found that these hyper-AF spots 
are not from RPE but microglia cells that phagocytose 

Fig. 1.39 A 17-year-old girl with early-onset retinal dystrophy and 
confirmed to have the CRB1 mutation. Fourier domain optical coherence 

tomography reveals a coarsely laminated and thickened retina, which is 
a key feature of CRB1 retinopathy. (Reproduced from Tosi et al. 2009)
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photoreceptor outer segments. OCT of macula may show 
CME, macula scar, or ONL foldings that correspond to the 
hyper-AF. FA reveals hyper-AF spots corresponding to the 
white spots, but no fluorescence leakage despite the presence 
of CME (Wang et al. 2009) (Fig. 1.47). CME without obvious 
angiographic leakage can also be found in niacin-related 

maculopathy (Domanico et al. 2013), X-linked retinoschisis, 
and optic pit (Moisseiev et al. 2015).

ERG plays a key role in diagnosis. Classic ERG findings 
include (1) no rod response, (2) the waveforms of scotopic 
maximal response identical to the transient photopic 
responses except for size, (3) and the amplitude of a wave in 

a b

Fig. 1.40 Color fundus photograph and fundus autofluorescence (FAF) 
image of the same patient in Fig. 1.39. (a) There are retinal pigment 
epithelium (RPE) alterations, RPE atrophy, and hyperpigmentation on 
color fundus photograph. (b) The preserved RPE along the arterioles is 

easily identified on the FAF study. The diagnosis was CRB1-related 
retinitis pigmentosa with preserved para-arteriole of the retinal pigment 
epithelium. (Reproduced from Tosi et al. 2009)

Fig. 1.41 A 23-year-old patient with Coats-like exudative vasculopa-
thy. Fundus photographs showing multiple optic disc drusens, chorio-

retinal atrophy, lipid depositions, and vessel telangiectasia. (Reproduced 
from Talib et al. 2017)
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b

Fig. 1.42 A 59-year-old man with retinitis pigmentosa and pigmented 
paravenous chorioretinal atrophy. He has ankylosing spondylosis and a 
history of recurrent acute anterior uveitis in both eyes. He does not have 
night blindness, and his best-corrected visual acuity was 20/20. (a) The 
fundus appearances are bilaterally symmetric. There is mainly retinal 

pigment epithelium (RPE) atrophy along the retinal veins, and only 
some pigment clumping is visible. (b) FAF study shows paravenous 
hypo-autofluorescent areas. Adjacent hyper-autofluorescent borders 
indicate possible RPE alterations in the future

Fig. 1.43 A 26-year-old man with retinitis pigmentosa and pigmented 
paravenous chorioretinal atrophy. He presented with blurred vision in 
the right eye. The best-corrected vision was 8/20 in the right eye and 
20/20 in the left eye. Both eyes display pigmentation and chorioretinal 

atrophy along some parts of the retinal veins, but they are not symmetri-
cal. The scotomas on visual field examination corresponded well with 
the affected areas
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the transient photopic response larger than amplitude of 
photopic 30 Hz flicker (Wang et al. 2009) (Fig. 1.48).

 Syndromic Retinitis Pigmentosa

 Usher Syndrome

Usher syndrome (USH) is an autosomal recessive disorder 
affecting both retina and inner ear. The prevalence is 1–4 per 
25,000 people and is the leading cause of deaf-blindness 
worldwide (Mathur and Yang 2015). Over 10 USH genes 

have been identified as causative genes. The USH proteins 
encoded by these genes can be found in several different 
organs and interact with one another. In the inner ear, USH 
proteins are related to the functioning and maintenance of 
inner ear hair cells, whereas the function of these proteins in 
the retina are still not well understood.

USH has been classified into three subtypes. Each sub-
type has a variable degree of visual impairment, hearing 
impairment, or vestibular dysfunction. It is among the most 
common forms of syndromic RP, and the fundus appearances 
of USH patients are identical to typical RP (Figs. 1.15 and 
1.49).

a b

Fig. 1.44 A 52-year-old woman with retinitis pigmentosa and pig-
mented paravenous chorioretinal atrophy. (a) Ultra-wide field color 
fundus photograph showing pigmentation and retinal pigment 
epithelium atrophy distributed along the retinal veins. The macula was 

preserved and she had 8/20 vision in her left eye. (b) Ultra-wide field 
fundus autofluorescence clearly demonstrates the atrophic areas, 
compatible with the paravenous distribution on the color photograph

Fig. 1.45 Photograph of the fundus of a 26-year-old patient with enhanced S-cone syndrome (ESCS) revealing multiple white dots with focal 
hyperpigmentation at mid-peripheral retina and some yellowish pigmentation in the macula
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Fig. 1.46 A 22-year-old patient with enhanced S-cone syndrome 
(ESCS). The photo of the fundus revealed multiple white dots along the 
vascular arcade with focal hyperpigmentation. Optical coherence 

tomography revealed the presence of cystoid macula edema. FA found 
a ring of increased autofluorescence of the white dots
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 Bardet–Biedl Syndrome

Bardet–Biedl syndrome (BBS) is a rare autosomal reces-
sive multiorgan disorder related to ciliopathy. The cardinal 
features include retinal degeneration, polydactyly, early 
obesity, renal dysfunction, genital abnormalities, and 

learning difficulties (Forsythe and Beales 2013). Rod-cone 
dystrophy was reported in >90% of cases and is the most 
common feature (Beales et al. 1999) (Fig. 1.50). RP usu-
ally presents in the first decade, and central vision is 
severely affected before 20  years of age (Klein and 
Ammann 1969).

Fig. 1.47 Enhanced S-cone syndrome with cystoid macular edema. 
Fundus photographs showing multiple white dots at mid- periphery, sub-
retinal whitish deposits at the macula in the right eye, and focal subreti-
nal whitish deposits near the vascular arcade in the left eye. Fundus 
autofluorescent exam disclosed hyper-autofluorescent spots in the macu-
lar and mid-peripheral retina. The hyper-autofluorescence at the mid-

periphery corresponds to the whitish spots on the fundus, whereas 
hyper-autofluorescence within the macula does not. Optical coherence 
tomography demonstrates intraretinal cystic change at the macula in the 
right eye. Note the rosette-like intraretinal lesions corresponding to the 
hyper-autofluorescent spots and loss of retinal lamination
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Patient Rod Rod and Cone
Maximal

Normal

Normal Normal Normal Normal Normal

OD

OS

30 Hz Flicker Cone S-cone
10cd 2Hz

Non-detectable

Non-detectable

Slow a & b, reduced b

Slow a & b, reduced b

Reduced response

Reduced response

Reduced b wave

Reduced b wave

Increased b wave

Increased b wave

Scale: 100 µvolts 100 µvolts 100 µvolts 100 µvolts 50 µvolts

50 ms 50 ms 50 ms 50 ms 50 ms

Fig. 1.48 Electroretinogram (ERG) showing classic findings of enhanced 
S-cone syndrome (ESCS). (1) No rod response, (2) the waveforms of 
scotopic maximal response identical to the transient photopic responses 

except for size, and (3) amplitude of a wave in the transient photopic 
response larger than the amplitude of the photopic 30 Hz flicker. Note the 
remarkably high amplitude of S-cone specific ERG

Fig. 1.49 A 23-year-old woman with night blindness since her early 
teens and hearing impairment since childhood. A fundus exam showed 
a typical retinitis pigmentosa appearance with preservation of the 

macula. Her parents and one brother have no ophthalmic or hearing- 
related problems. The clinical diagnosis was Usher Syndrome type II
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 Senior–Loken Syndrome

Senior–Loken syndrome is a rare autosomal recessive disor-
der affecting the eyes and the kidneys. The disease belongs 
to the spectrum of ciliopathy and causes RP- or LCA-like 
degenerative retinopathies and nephronophthisis, a cystic 
kidney disease which can lead to end-stage renal disease. 
The ocular findings consist of early onset night blindness or 
vision loss, nystagmus, and clinical features of RP (Ronquillo 
et al. 2012) (Fig. 1.51).

 Kearns–Sayre Syndrome

Kearns–Sayre syndrome (KSS) is a group of rare mitochon-
drial diseases. Most patients initially present with ophthal-
mic abnormalities. The classic KSS triad includes progressive 
external ophthalmoplegia, pigmentary retinopathy, and onset 
age younger than 20  years. Additional diagnostic features 

a

b

Fig. 1.50 A 17-year-old girl with Bardet–Biedl syndrome. She has 
diabetes mellitus, impaired renal function, vaginal atresia, and 
polydactyly in both feet. (a) Fundus photographs showing vessel 
attenuation, retinal hypopigmentation, and chorioretinal atrophy. The 

macula was preserved. (b) Fundus autofluorescence images display 
features of retinitis pigmentosa including mid-peripheral hypo- 
autofluorescence and perifoveal hyper-autofluorescent ring. The ERG 
study revealed severe rod and cone degeneration

Fig. 1.51 The color fundus image of a patient with Senior–Loken syn-
drome demonstrates features of retinitis pigmentosa. (Reproduced from 
Ronquillo et al. 2012)
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a

b

c

Fig. 1.52 A 9-year-old boy with Alagille syndrome and confirmed 
human Jagged 1 (JAG1) gene mutation. His vision was 20/20 in both 
eyes. (a) Posterior embryotoxon (black arrowhead) is a key ophthalmic 
feature in Alagille syndrome. (b) Fundus photographs showing diffused 
hypopigmentation, retinal pigment epithelium alterations, oval-shaped 

optic nerve head anomaly with large cupping, and angulated retinal 
vessels (white arrow). (c) The optical coherence tomography images 
display decreased choroidal thickness for both eyes. (Reproduced from 
Shen et al. 2017)
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include heart block, cerebellar ataxia, and increased cerebro-
spinal fluid protein level. The diagnosis is confirmed by mus-
cle biopsy and genetic testing.

For ophthalmic disorders, 89% present with progressive 
external ophthalmoplegia, 86% with ptosis, and 71% with 
pigmentary retinopathy (Khambatta et al. 2014). The retinal 
pigments usually show a “salt and pepper” appearance 
instead of typical bone-spicules in RP.

 Alagille Syndrome

Alagille syndrome (ALGS) is a rare multisystem disorder 
involving the eye. The primary manifestations are cholestasis, 
decreased bile duct numbers in a liver biopsy, congenital heart 
disease, butterfly vertebrae, characteristic facial features, and 
ocular abnormalities (Kim and Fulton 2007) (Figs. 1.52 and 
1.53). The inheritance pattern is an autosomal dominant muta-
tion that has been identified to be associated with the human 
Jagged 1 (JAG1) gene.

Ophthalmologists can contribute to the early diagnosis of 
ALGS, especially in the circumstance of unexplained neonatal 
cholestasis. Over 90% of ALGS have been reported to have 
posterior embryotoxon (Hingorani et  al. 1999) (Fig.  1.52). 
Other common ocular findings include microcornea, iris 
abnormalities, optic nerve head anomalies, retinal vessel 
changes, and retinopathies such as fundus hypopigmentation 
and RPE pigmentary changes (Fig. 1.52). Despite these ocular 
findings, ALGS patients usually have good visual acuity.
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