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Retinitis Pigmentosa

Hung-Da Chou, An-Lun Wu, Yu-Chun Cheng,

and Nan-Kai Wang

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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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

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).
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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. 1.7 (continued)
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Fig. 1.8 Electroretinogram (ERG) of a patient with retinitis pigmen-  response and combined rod-cone response, as well as a delayed implicit
tosa (RP) (upper two rows) compared to a normal subject (lower row).  time. The single-flash cone response also shows a decreased amplitude.
The full-field ERG shows a decrease in rod and cone amplitude in rod ~ In more advanced RP cases, the ERG is extinguished
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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

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-

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

AF area between the inner and outer border of the ring) can be a thin (a,
b) or wide ring (¢). Some patients have no apparent ring in FAF images

()
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Fig. 1.10 (continued)

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).

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).

Hyperpigmentation and retinal round or patchy atrophic areas are easily
observed by the FAF study. (b) The corresponding ultra-wide field
color fundus photograph

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
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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

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

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

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).
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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

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 (CRBI) 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 CRBI/ 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.
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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

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-

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

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
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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

Fig. 1.17 Geographic macular atrophy in retinitis pigmentosa. The well-demarcated macular atrophic area is seen in the fundus photos (a, ¢) and
is more apparent in the fundus autofluorescence images (b, d). The fovea was affected
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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

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.

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. (¢) Outside the central island, the outer retinal
structures are lost. The vision was counting fingers

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
B-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)
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Fig. 1.19 Retinitis pigmentosa with central serous chorioretinopathy.  spicule hyperpigmentation blocks fluorescence in both FA and
The typical smoke-stack leakage is well demonstrated by the serial —indocyanine green (ICG) images, and the hyperfluorescent spots clearly
fluorescein angiography (FA) images. In the mid-periphery, bone- demarcate the atrophic areas
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Fig. 1.20 Macular retinoschisis in retinitis pigmentosa. The 31-year-  pigmentation and atrophic areas are seen in the periphery. The green
old woman has myopia —3.0 diopter in the left eye, and she reported to  line marks the orientation of the optical coherence tomography (OCT).
have distorted vision. (a) It is hard to appreciate the schisis change in  (b) The OCT image reveals schisis in the outer plexiform layer,
the macula in the ultra-wide field fundus photograph. Some scattered ~ compatible with outer retinoschisis

Fig. 1.21 A 28-year-old woman with retinitis pigmentosa and poste- SD-OCT image displays posterior staphyloma at the macular area.
rior staphyloma. She has no myopia (+0.25 diopter by both autorefrac-  There are also outer retinal structural changes, including thinning of the
tion and subjective refraction). (a) The fundus photography shows outer retinal layer and disrupted external limiting membrane and
chorioretinal atrophy with macular sparing. The green line marks the ellipsoid zone

orientation of the SD-optical coherence tomography (OCT). (b) The
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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-

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 XLLRP pedigrees were reported in the early
1900s, Usher was recognized as the first author who

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

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
Xpl1.23 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
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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.

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

|300i_] m

(b) SD-OCT revealed “thickened” and abnormally laminated retina.
The foveal thickness was 446 pm in the right eye and 428 pm 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

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
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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

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
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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

+ 30
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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

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-

change of the macula. Genetic testing revealed the presence of the
RPGR mutation, confirming the diagnosis of X-linked retinitis
pigmentosa

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).
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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

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

striking findings of TLR with hyper-autofluorescence are also evident
in autofluorescence images

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.
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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

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

GO T, P
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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)

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
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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

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

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

(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 CRBI
(LCAS8) gene is responsible for the polarization of
photoreceptors. The phenotypic particularity of the CRBI
mutation in LCA patients is an unlaminated thickened retina
(Tosi et al. 2009). The GUCY2D (LCA1), AIPLI (LCA4),
and RD3 (LCA12) genes are part of the photo-transduction
cascade (Pasadhika et al. 2010). Mutation in the AIPLI
(LCA4) and RD3 (LCAI12) genes presents with early
maculopathy (Alkharashi and Fulton 2017; Dharmaraj et al.
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Fig. 1.31 These are the images of a 3-year-old patient with Leber’s  of retinitis pigmentosa. Noted the early macula involvement in the LCA
congenital amaurosis (LCA). The Fundus photo reveals bone-spicule  and the RPE change are marked. The optical coherence tomography of
pigmentation at mid-peripheral retina, vessel attenuation, and diffused  the macular shows loss of the ellipsoid zone

retinal pigment epithelium (RPE) alteration, which are typical findings

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

2004) (Fig. 1.34). Patients with CEP290 (LCA10) may Treatment

present with Coats-like RP (Yzer et al. 2012) (Fig. 1.35). With notable genetic heterogeneity, LCA was considered
6ql4.1 (LCAS), CRX (LCA7), and NMNATI (LCA9) gene incurable previously. Until 2008, with the advances in
mutations are associated with macula-coloboma like fundus genome studies, three independent clinical trials have
(Mohamed et al. 2003; Swaroop et al. 1999; Koenekoop described the phase I-II outcome of gene therapy for RPE65
et al. 2012). mutation (LCA 2) (Bainbridge et al. 2008; Maguire et al.
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Table 1.1 Reported clinical features of LCA subtypes

2008; Hauswirth et al. 2008). Mutation of RPE65 gene affects

Subtype  Gene Clinical features vitamin A metabolism, photoreceptor response, and thus
LCALl GUCY2D Normal appearing fundus vision. In addition, the mutation results in degeneration of
LCA2 RPEGS Lack of autofluorescence RPE and photoreceptor cells. LCA caused by mutated RPE65
LR SR il ey _ has a disproportionately preserved outer retinal structure,
LCA4 AIPLI Maculopathy, reduced macula thickness .. . . .
LCAS 6q 14.1 Macula coloboma-like picture giving it a w1ndow.o.f opp'ortunlty for ge'ne-replz.icement
LCA6 RPGRIPI  [Normal then pigmentary change therapy. The three clinical trials used subretinal delivery of
LCA7 CRX Macula coloboma-like picture recombinant  adeno-associated  virus vector  during
LCAS CRBI Coats-like exudative vasculopathy, standardized 23 gauge vitrectomy (Wright 2015). The FDA
thick retina approved 2 potential therapies for RP: a retinal prosthesis,
Lol el | el eslniou Ul e approved only for patients with end-stage RP and RPE65
LCAIO CEP290 andus pigmentati,on gene therapy, approved only for patients carrying the RPE65
LCAll IMPDH1 Diffuse RPE mottling .
LCAL2 RD3 s Ty mutation (Duncan et al. 2018).
LCA13 RDHI2 Bone spicules All studies have demonstrated an initial improvement
LCA14 LRAT Lack of autofluorescence with subsequent decline in visual sensitivity after gene
LCAI15 TULPI Salt and pepper retinopathy therapy, with a possible dose-response effect (Bainbridge

slight vessel attenuation, and chorioretinal change at the posterior pole.
Note the loss of autofluorescence

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

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

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

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
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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. (¢) 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



1

Retinitis Pigmentosa

27




28 H.-D. Chou et al.

d Dark-adapted 0.01 ERG Dark-adapted 3.0 ERG Light-adapted 3.0 ERG Light-adapted 3.0 ERG
(rod response) (combined rod-cone response) (single-flash cone response) (30 Hz flicker)
200+ 200+ 100+ 100 1
100 -—-v/"“\\\ 100 A 1 501
oD OuV+ Ouv ‘\f/\\\ OHV'\//\/_\—N\.N OuVv \/-/\-\//\\/f

-100+ -100 1 -501
-200+ -200 1 -1004 -100 1

omS  100mS omS  100mS oms 50mS oms 50mS
200+ 200+ 100+ 100 -
100—w~/~‘-\\\ 100 1 501

o el °”V'\/f\\* b N WIN NSNS

-100+ -100- 1 -50 1
-200- -200- -100+ -100 1

omS  100ms oms  100mS oms 50mS oms 50mS
300 A 200 A 1 100 -
200 A 100 4 100+ 504
Normal 100 + OuV 1 . OuV
OpV+ -100 4 ouV+ -50
-100 A -200 4 1 -100+

oms 100mS omS  100mS oms 50mS oms 50mS

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 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

(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 (CRBI) gene have been
reported in multiple inherited retinal degeneration (IRD)
phenotypes, including LCAS8 , 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 CRBI-associated ocular condi-

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

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

The CRBI 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 CRBI is usually thickened and coarsely laminated.
The abnormal retinal structure resembles normal human
fetal retina and suggests that CRB/ mutations affect the
maturing process of normal retina lamination (Jacobson
2003). This feature is most apparent in OCT studies
(Fig. 1.39).
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Fig. 1.39 A 17-year-old girl with early-onset retinal dystrophy and
confirmed to have the CRBI mutation. Fourier domain optical coherence

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). CRBI 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 CRBI 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

tomography reveals a coarsely laminated and thickened retina, which is
a key feature of CRB/ retinopathy. (Reproduced from Tosi et al. 2009)

association with the CRBI 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
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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

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

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

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

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

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
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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

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
20720 in the left eye. Both eyes display pigmentation and chorioretinal

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

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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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

the transient photopic response larger than amplitude of have been identified as causative genes. The USH proteins

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

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).
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Fig. 1.46 A 22-year-old patient with enhanced S-cone syndrome tomography revealed the presence of cystoid macula edema. FA found
(ESCS). The photo of the fundus revealed multiple white dots along the  a ring of increased autofluorescence of the white dots
vascular arcade with focal hyperpigmentation. Optical coherence
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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-

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

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

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).
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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

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

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

macula. Her parents and one brother have no ophthalmic or hearing-
related problems. The clinical diagnosis was Usher Syndrome type 11
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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

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

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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Fig. 1.52 A 9-year-old boy with Alagille syndrome and confirmed optic nerve head anomaly with large cupping, and angulated retinal
human Jagged 1 (JAGI) gene mutation. His vision was 20/20 in both ~ vessels (white arrow). (¢) The optical coherence tomography images
eyes. (a) Posterior embryotoxon (black arrowhead) is a key ophthalmic  display decreased choroidal thickness for both eyes. (Reproduced from
feature in Alagille syndrome. (b) Fundus photographs showing diffused ~ Shen et al. 2017)

hypopigmentation, retinal pigment epithelium alterations, oval-shaped
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Fig. 1.53 The same Alagille syndrome patient in Fig. 1.52. (a)
Lumbar X-ray showing inferior endplate depression and irregularity of
the L5 body, and S1 spinal bifida (black arrows). No butterfly vertebrae

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 I (JAGI) 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.

were noted. (b) Cardiac echography showed mild aortic valve
regurgitation, trivial tricuspid valve regurgitation, and equivocal mitral
valve prolapse
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Christine Anggun Putri, Edward Pritchard, and Fahd Quihill

Introduction

Best disease or Best vitelliform macular dystrophy was
named after Dr. Franz Best, a German Ophthalmologist who
first described the pedigree in 1905 (Best 1905). It is typically
an autosomal dominant disorder which presents in childhood
with characteristic ‘egg-yolk® macular lesion (Deutman
1971). This yellow lesion gradually gets reabsorbed, resulting
in retinal pigment epithelium (RPE) atrophy and subretinal
fibrosis (Budiene et al. 2014). Usual onset of Best disease is
from 3 to 15 years of age (Wabbels et al. 2006). At the onset
of disease, patients usually have normal visual function. As
the disease progresses, patients experience decline in the
central visual acuity and metamorphopsia. This eventually
leads to visual impairment at a later age. Patients usually
retain reading vision until the fifth decade of life (Booij et al.
2010).

Best disease is the second most common juvenile macular
degeneration; however, it only attributes to 1% of all cases of
macular degeneration (Yanoff and Fine 2002). This is a rare
disorder and its prevalence is unknown. Best disease is most
commonly described in Caucasians, although it has also
been reported in individuals of African, Asian and Hispanic
ancestry (Shibuya and Hayasaka 1993).

Important differential diagnoses of Best disease to con-
sider include other dystrophies of the central part of retina
and choroid, central chorioretinitis, serous RPE detachment,
colobomas of the central retina, age-related macular degen-
eration and foveal changes in angioid streaks (Michaelides
et al. 2003).
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Etiopathogenesis

Best disease is a hereditary disease with autosomal dominant
pattern of inheritance, even though sporadic cases have been
reported (Budiene et al. 2014). Mutations in the BESTI gene
(formerly VMD?2) located on chromosome 11q13 are respon-
sible for Best disease (Petrukhin et al. 1998). This gene codes
for a 585-amino acid transmembrane protein with size of
68 kDa named bestrophin-1. This Ca2*-sensitive chloride
channel is located in the basolateral plasma membrane of
RPE cells and is essential for normal ocular development
(Marano et al. 2000; Marmorstein et al. 2000; Rosenthal
et al. 2006). Abnormal Ca2*-sensitive chloride channel
results in abnormal chloride conductance across the basolat-
eral membrane of RPE. Mutations in BEST! lead to altered
function of bestrophin and ion transport by the RPE, result-
ing in the accumulation of fluid and/or debris between RPE
and photoreceptors and also between RPE and Bruch’s
membrane. These changes eventually lead to detachment and
secondary photoreceptor degeneration (Michaelides et al.
2003; Weingeist et al. 1982; Marmorstein et al. 2009).

There are at least 253 reported BEST gene mutations and
majority of these are missense mutations. In addition to Best
disease, mutations in BEST] have been reported in adult-onset
vitelliform macular dystrophy, autosomal dominant vitreoreti-
nochoroidopathy and autosomal recessive bestrophinopathy
(Budiene et al. 2014). Mutation in BEST gene has also been
linked to retinitis pigmentosa (RP) (Davidson et al. 2009).

A histopathological study confirmed that in Best disease,
the RPE cells were flattened with deposition of abnormal
lipofuscin and pleomorphic melanolipofuscin granules. A
PAS-positive, acid-mucopolysaccharide-negative, electron-
dense, finely granular material was deposited in the inner
segments of the degenerating photoreceptors and the Muller
cells. An abnormal fibrillar material was present underneath
and in close association with the RPE cells, just beneath the
area of photoreceptor cell loss (Frangieh et al. 1982).
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Choroidal neovascularization may develop as a late compli-
cation due to the breakdown of RPE and Bruch’s membrane
(Miller et al. 1976).

Clinical Features

The onset of disease typically starts in childhood between 3
and 15 years of age, with the mean age of 6 years (Wabbels
et al. 20006). At the early stage of the disease, patients may be
asymptomatic as the visual function remains sufficient for
many years. Progressive visual decline usually happens after
the fourth decade especially in patients with longstanding
atrophic changes. Patients may experience symptoms such
as metamorphopsia, blurred vision and decrease of central
vision (Budiene et al. 2014).

There are several classifications proposed for Best dis-
ease, based on the aspect of lesion on ophthalmoscopy. There
are several stages that define the progression of Best
disease.

In stage 1, fundus appears normal but eletro-oculogram
(EOG) is abnormal. The Arden ratio (the ratio of the light
peak divided by the dark trough) is reduced in Best disease
with ratio of <1.5, most often between 1.0 and 1.3 (normal
ratio is 1.8) (Francois et al. 1967). This signifies that the
disease process is more widespread and not only confined
to the macula (Skoog and Nilsson 1981). EOG in asymp-
tomatic carrier of Best disease is also abnormal; therefore,
EOG plays a role in screening these individuals.
Occasionally, individuals who display clinical features of
stage 1 Best disease and a variant of BEST/ may have nor-
mal EOG findings (Testa et al. 2008). Full-field electroret-
inogram (ERG) result is normal in stage 1 Best disease. A
focal ERG or multifocal ERG, concentrating on macular
function, reveals abnormal function consistent with the
anatomical location of disease (Glybina and Frank 2006).

In stage 2 (previtelliform stage), patients may have nor-
mal fundus or subtle RPE changes with abnormal
EOG. Fluorescein angiogram (FA) shows window defects.
In 75% of sufferers, visual acuity remains 20/20 at this stage
of disease.

Stage 3 (vitelliform stage) consists of circular, well-
circumscribed, elevated, orange or yellow-opaque, 0.5-5 mm
‘yolk-like’ macular lesions (Fig. 2.1a). The rest of the fundus
typically has a normal appearance. Rarely, these lesions may
be multifocal. FA shows hypofluorescence due to blockage
of choroidal fluorescence by the vitelliform lesion (Fig. 2.1b).
VA at this stage is typically 20/20 to 20/50.

In stage 4 (vitelliruptive or ‘scrambled egg’ stage), yellow
vitelline substance breaks through RPE and accumulates in
the subretinal space forming a cyst. The cyst is granular and
lumpy in appearance, thus resembling a ‘scrambled egg’. FA
reveals area of hypofluorescence due to FA partially blocked

by vitelline material with superior hyperfluorescence. VA is
usually 20/50 or better.

In stage 5 (pseudohypopyon stage), a horizontal level of
yellow vitelline substance is observed in the inferior part of
the lesion. Above the level of this vitelline substance, the
lesion contains relatively transparent fluid. The vitelliruptive
stage and pseudohypopyon stage may revert back and forth
for many years (Fig. 2.2a). FA typically shows inferior hypo-
fluorescence secondary to the blockage by the vitelline sub-
stance and superior hyperfluorescent area. At this stage, VA
markedly reduces to 20/100.

Stage 6 (atropic/neovascular stage) is a result of progres-
sive chorioretinal atrophy, and this is characterized by hyper-
trophic scar and atrophic maculopathy (Fig. 2.3a). FA shows
hyperfluorescence due to window defect without leakage.
VA significantly reduces to 20/200. This stage may be asso-
ciated with the development of choroidal neovasculariza-
tion where FA shows hyperfluorescence secondary to
leakage (Fig. 2.3d).

Apart from the above investigative modalities, optical
coherence tomography (OCT) and fundus autofluores-
cence (FAF) also show changes related to Best disease.
OCT shows normal retinal architecture or subtle changes
in the outer retina in previtelliform clinical stages. In
intermediate clinical stages, splitting and elevation at the
outer retina-RPE letvel is apparent (Fig. 2.1c and 2.2¢c) .
Thinning of the retina and RPE is the hallmark of the atro-
phic clinical stage (Fig. 2.3b) (Pianta et al. 2003; Querques
et al. 2008). FAF detects metabolic changes in the RPE
and photoreceptor layers, and lesion seen in fundus cor-
responds to increase in autofluorescence in several retinal
dystrophies including Best disease (Fig. 2.2b) (Boon et al.
2008).

Management
Supportive Management

Individuals with Best disease should be monitored regu-
larly and referred for visual rehabilitation. Social and psy-
chological support should be offered to individuals
affected, adapted to their age and individual needs. Visual
aids such as magnifiers, special eye wear, enhanced-vision
TV systems and computers and various aids for mobility
should be considered (Budiene et al. 2014). Smoking ces-
sation has been shown to prevent neovascularization of
retina, thus this should be encouraged (Clemons et al.
2005). Genetic counselling with information on nature,
inheritance and implication as well as prenatal testing of
Best disease should be offered to individuals affected to
provide them with reproductive options (Macdonald and
Lee 1993-2017).
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Fig. 2.1 Vitelliform stage (stage 3). (a) Fundus photograph showing a well-circumscribed circular elevated orange lesion at the macula. (b)
Fluorescein angiogram showing typically hypofluorescence at the macula. (¢) Macular OCT shows buildup of vitelline substance below the RPE

Anti-VEGF

Best disease can be complicated by choroidal neovasculariza-
tion (Miller et al. 1976). Anti-VEGFs such as ranibizumab
and bevacizumab have been reported to be beneficial for the
preservation of vision in eyes complicated by choroidal neo-
vascular membrane (Leu et al. 2007; Rishi et al. 2010;
Heidary et al. 2011). Further study is necessary to determine
the long-term visual outcome, recurrence rate and optimum
number of intravitreal injections required. Anti-VEGF affects
normal retinal vasculogenesis, revascularization and organo-
genesis, and its pharmacokinetics in pediatric population is
not yet fully understood. Therefore, it is important to consider

both risks and benefits before commencing treatment with
anti-VEGF in children (Chaudhary et al. 2013).

Photodynamic Therapy (PDT)

Treatment of subfoveal neovascularization with hemor-
rhage in Best disease with PDT has been reported with sig-
nificant improvement in vision within 1 year of treatment,
and this remained stable throughout 7 years of follow-up.
Treatment with PDT resulted in resolution of subretinal fluid
and regression of choroidal neovascularization (Frennesson
et al. 2014).
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Fig. 2.2 Pseudohypopyon (stage 5). (a) Fundus photograph. (b) Fundus autofluorescence showing inferior hyperfluorescence. (¢) Macular OCT

demonstrating cross-section through pseudohypopyon

Future Treatment

Gene therapy is a promising treatment for inherited retinal
dystrophy and other genetic diseases. Canine multifocal
retinopathy (CMR) displays the full spectrum of clinical
and molecular features observed in human bestrophinopa-
thies and serves a valuable disease model for the develop-
ment and testing of therapeutic strategies. Using this
disease model, Guziewicz et al reported transfer of recom-
binant AAV (deno-associated virus) - mediated BEST1 to
RPE was safe, specific and stable, thus should be consid-
ered for further development of gene augmentation thera-
pies in bestrophinopathies (Guziewicz et al. 2013).

Autosomal Recessive Bestrophinopathy

Autosomal recessive bestrophinopathy (ARB), a phenotypic
spectrum associated with BEST mutation, is characterized
by progressive reduction in central vision, marked FAF
changes, absence of EOG light rise and reduced full-field
ERGs. Vitelliform lesions are not typical of ARB. A spec-
trum of fundus abnormalities is observed in ARB including
multifocal yellowish subretinal deposits, subretinal fibrous
scars and cystoid intraretinal fluid collections in the macula
(Burgess et al. 2008; Boon et al. 2013). ARB is caused by
either compound heterozygous or homozygous BEST muta-
tions (Burgess et al. 2008; Boon et al. 2009).



2 BestDisease

49

T

Fig. 2.3 Atrophic/neovascular (stage 6). (a) Fundus photograph show-
ing RPE changes, retinal scarring and macular hemorrhage. (b) Macular
OCT showing disruption of the RPE, atrophic changes and associated
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X-Linked Retinoschisis

Eugene Yu-Chuan Kang and Nan-Kai Wang

Introduction

X-linked retinoschisis (XLRS, MIM 312700, also called
X-linked juvenile retinoschisis) is an inherited vitreoretinal dys-
trophy that affects the macula of young men with the prevalence
of 1:5000 to 1:25,000 (George et al. 1995; Retinoschisis
Consortium 1998). Functional implications of the spectrum of
mutations were found in 234 cases with XLLRS (Retinoschisis
Consortium 1998). XLRS was first described by Austrian oph-
thalmologist Josef Haas in 1898 (Haas 1898). He diagnosed two
brothers with “Verdnderungen der Retina und Choroidea,” that
is, radiating cystic maculopathy and peripheral choroidal atro-
phy (Fig. 3.1). Since then, this disease has been diagnosed using
ophthalmoscopy and has been mentioned in the literature under
a variety of names according to different clinical manifestations
and etiologies. Thomson reported it as a “familial neuroretinal
disease” for four males in 1932 (Thomson 1932), and Anderson
helped diagnose a 2-year-old boy with an “anterior dialysis of
the young” in the same year (Anderson 1932). In 1938, Mann
and Macrae reported “congenital vascular veils in the vitreous”
in three male patients and stated that this was different from the
congenital retinal fold (Mann and Macrae 1938). In 1951,
Magnus discovered an unusual detachment; the membrane was
very thin and could have been part of the retina of a 14-year-old
boy, which Magnus termed “congenital cystic retinal detach-
ment” (Magnus 1951). Pagenstecher described the first family
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Fig.3.1 The image shows the first XLRS feature described by Haas in
1898. It shows a cartwheel pattern around the fovea and peripheral reti-
nal splitting
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with an X-chromosomal transmission pattern in 1913
(Pagenstecher 1913), and Wilczek first coined the term “retinos-
chisis” (schisis: cleavage) in 1935 (Wilczek 1935). In 1953,
Jager coined the term “X-linked retinoschisis” for this disease
(Jager 1953). In the 1960s, abnormal electroretinograms (ERGs)
(Forsius et al. 1963) and b/a ratio (Hirose et al. 1977; Krill 1977)
were found in almost all cases with XLRS. Since then, ERGs
have played an important role in the diagnosis of XLLRS, which
shows electronegative ERGs. Recently, family members with
XLRS were reported to have more phenotypic variability due to
the availability of genetic abnormality.

Pathogenesis

In 1997, Sauer diagnosed a patient with mutations of X-linked
retinoschisis-1 gene, or the RS1 gene (Sauer et al. 1997). The
RS gene, which is located on Xp22.2, plays an important
role in XLRS (Sauer et al. 1997). The RS gene contains six
exons and produces a 700-base transcript, which can then be
further translated to a 224-amino acid protein, called retinos-
chisin (Sauer et al. 1997; Hu et al. 2017; Grayson et al.
2000). The protein was thought to have cell adhesion and to
be able to maintain the structural integrity of the retina

(Retinoschisis Consortium 1998; Grayson et al. 2000; Wu
and Molday 2003; Wu et al. 2005). Mutation of the RS/ gene
impairs cell—cell interaction and results in the degeneration
of photoreceptors and schisis formation (Kirsch et al. 1996;
Sauer et al. 1997). Examples of mutations related to XLRS
include missense, nonsense, deletion, and frame shifting
(Weber and Kellner 2007). The missense mutation was the
leading cause of the disease and caused several ocular com-
plications (Hu et al. 2017; Retinoschisis Consortium 1998).
Although the mutations and the pathogenesis of XLRS have
been thoroughly investigated, the correlation between the
genotype and the phenotype remains unclear (Eksandh et al.
2000; Renner et al. 2008; Riveiro-Alvarez et al. 2009; Hewitt
et al. 2005; Vincent et al. 2013), and their variability is wide
(Hu et al. 2017; Wang et al. 2015).

Clinical Features

Patients with XLRS usually present with decreased visual
acuity, with other symptoms such as amblyopia, leukocoria
(Fig. 3.2), strabismus, vitreous hemorrhage (Fig. 3.3), and
neovascular glaucoma. Even though it mostly affects young
men (George et al. 1996), some studies have discovered

Fig.3.2 A 4-year-old boy with an initial impression of Coats’ disease
at birth was diagnosed ultimately with XLRS. (a) Image of the patient’s
right eye showed his lens completely opacified. (b) A typical cartwheel
pattern around the fovea was found in a color fundus image, and the
cartwheel pattern was more prominent in the near-infrared (NIR)

image. (¢) A foveolamellar schisis was seen in the OCT of the left eye.
(Images reprinted with permission from NK Wang, 2015, Clinical pre-
sentations of X-linked retinoschisis in Taiwanese patients confirmed
with genetic sequencing, © 2015 Molecular Vision)
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Fig. 3.3 The typical cartwheel-like appearance in the fundus images in (a) a 4-year-old, (b) a 12-year-old, and (c¢) an 8-year-old

retinal lesion could be present even at birth (Lee et al. 2009;
Prasad et al. 2006; Renner et al. 2008). In the advanced
stage of the disease, choroidal sclerosis, retinal detach-
ment, and retinal atrophy are present (Tantri et al. 2004;
Grayson et al. 2000). Female carriers are mostly asymp-
tomatic, but minor retinal abnormality may be present (Kim
et al. 2007). Foveal schisis is most commonly found in
young individuals with XLRS (Kellner et al. 1990) with
macular atrophy or retinal pigment epithelium (RPE) irreg-
ularities in later years (Forsius et al. 1973; George et al.
1996). However, its fundus appearance varies widely, espe-
cially in older patients, who are more challenging to iden-
tify if XLRS is present. Young patients may also present
with lens opacity that mimics other congenital ophthalmic
disorders (Wang et al. 2015) (Fig. 3.2). Hence, XLRS
should be suspected as one of the differential diagnoses in
patients with unsatisfactory best-corrected vision from
childhood. For accurate diagnosis, combined examinations
of fundus autofluorescence, optical coherence tomography,
ERG, and molecular genetic testing have been suggested
(Renner et al. 2008). Visual acuity in XLRS patients has a
wide variability, although the vision is usually less than
20/100 (Forsius et al. 1973; Roesch et al. 1998).

Color Fundus Imaging

Hass first discovered the typical fundus presentation of
XLRS in 1898, which includes radiating cystic maculopathy
and peripheral retinal splitting (Fig. 3.1) (Haas 1898). This
typical spoke- or cartwheel-like pattern in the macula area is
a feature of XLRS fundus (Figs. 3.2, 3.3, 3.4, and 3.5) and
near-infrared (NIR) images (Fig. 3.2). Retinal splitting with
and without retinal pigmentation can be seen using montage
or ultrawide fundus imaging (Figs. 3.6 and 3.7). Some
patients have vitreous hemorrhage, subretinal fibrosis, a
golden yellow reflection, or white dots in the posterior fun-
dus mimicking fundus albipunctatus (Figs. 3.4, 3.5, 3.7, 3.8,
and 3.9). The macular pigment changes (Fig. 3.8) that mimic
maculopathy and diffused pigments (Fig. 3.8) can be seen in
older patients with XLRS.

Fundus Autofluorescence (FAF)
FAF is a useful tool in retinal degeneration and dystrophy.

Typical FAF feature of XLRS is a spoke-like pattern
(Fig. 3.4) of hyper- and hypo-AF in the macula area due to
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Fig. 3.4 Images of a 56-year-old male with poor night vision since
childhood. He underwent cataract surgery but vision did not improve
much. (a) Color fundus images showed cartwheel-like patterns around
the fovea and a reduced foveal reflex in both eyes. (b) FAF revealed a
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spoke-like pattern around the macula. (¢) OCT revealed foveal atrophy
in the right eye and cystoid macula edema in the left eye (central retina
thickness: OD: 183 um, and OS: 359 pm)
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Fig. 3.5 Images of a 22-year-old male with amblyopia. His best-  chisis in Taiwanese patients confirmed with genetic sequencing, © 2015
corrected vision was OD: 20/200 and OS: 20/200. (a) Color fundus Molecular Vision.) (b) OCT revealed foveolamellar schisis in both
images showed cartwheel-like patterns around the fovea and a golden  eyes, a lamellar hole in the left eye, and an increase in thickness of the
yellow reflection at the temporal retina. (Images reprinted with permis- ~ fovea in the right eye. FAF showed concentric areas of hyper-AF

sion from NK Wang, 2015, Clinical presentations of X-linked retinos-
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Fig. 3.6 (a) Color fundus and Optos images of a 7-year-old boy with
XLRS. An inferior retinal schisis can be easily seen in the Optos image.
(b) Image of a 41-year-old male shows retinal splitting across the mac-
ula and white dots at the inferior temporal retina. (Images reprinted

with permission from NK Wang, 2015, Clinical presentations of

X-linked retinoschisis in Taiwanese patients confirmed with genetic
sequencing, © 2015 Molecular Vision.) (¢) Retinal splitting in a
38-year-old male. (d) Bullous retinoschisis approaching the arcade with
a laser scar in a 5-year-old boy
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Fig. 3.6 (continued)

altered light transmission in the area of retinoschisis (Molday
et al. 2012). Some patients may have irregular hyper-AF
(Fig. 3.7), irregular hypo-AF (Fig. 3.9), and concentric
hyper-AF (Figs. 3.5 and 3.10). These FAF findings are not
specific features of XLRS and need to be differentiated from
other maculopathies or retinal dystrophies.

Optical Coherence Tomography (OCT)

Stanga et al. first demonstrated a cleavage plane in the neural
retina using OCT (Stanga et al. 2001). Prenner et al. pro-
posed a classification system based on clinical examination
and OCT (Prenner et al. 2006). Lesch et al. further modified
that system and divided XLRS into six cystic subtypes and
one atrophic type (Table 3.1) (Lesch et al. 2008). Typical
OCT findings of XLRS include foveal cystic schisis
(Figs. 3.2, 3.5, and 3.10), as well as intraretinal cysts without
the increased thickness of the macula (Figs. 3.10 and 3.11), a

lamellar macular hole (Fig. 3.11), and foveal atrophy
(Figs. 3.4 and 3.7). Spectral-domain or swept-source OCT is
a simple and quick examination to evaluate the macula status
in young patients when dilated ophthalmoscopy, FAF,
whereas ERG may not be easy to perform.

Previous reports have shown that cystic macular lesions in
XLRS may spontaneously resolve and further form an atro-
phic macular lesion which can be detected on OCT scans
(George et al. 1995, 1996). Carbonic anhydrase inhibitors
have been reported to be effective in improving cystoid mac-
ular edema in patients with XLRS (Thobani and Fishman
2011; Khandhadia et al. 2011; Genead et al. 2010; Walia
et al. 2009; Wang et al. 2015). However, even though some
patients had positive responses to topical dorzolamide, their
vision did not improve significantly (Fig. 3.12).

Fluorescein Angiography (FA)

FA in XLRS is characterized as non-FA leakage cystoid mac-
ula edema (Fig. 3.10). Other diseases share this feature,
including enhanced S-cone syndrome (Goldmann—Favre syn-
drome), nicotinic acid maculopathy, and optic pit. Even
though FA is not a necessary examination for diagnosing
XLRS, physicians should be aware of the possibility of XLRS
in patients with non-FA leakage cystoid macula edema.

Electroretinography (ERG)

A typical feature of ERGs in XLRS is a “negative ERG”
(Fig. 3.13) due to a marked reduction in the b-wave’s ampli-
tude, which results in an abnormal b/a ratio (Vincent et al.
2013; Hirose et al. 1977). A wider range of ERG abnormali-
ties is associated with the missense mutation of the RS/ gene
(Vincent et al. 2013). Several studies have reported that neg-
ative ERG was only found in 50-60% of XLRS patients
(Renner et al. 2008; Wang et al. 2015). Therefore, a normal
b/a ratio cannot exclude the diagnosis of XLRS (Fig. 3.14).
In addition, a multifocal ERG may show a widespread cone
dysfunction (Piao et al. 2003).

Differential Diagnosis

XLRS is a heterogeneous disease, characterized by its
X-linked inheritance, non-FA leakage cystoid macular
edema, foveal schisis, and electronegative ERG.

The cystoid change and/or retinal schisis in the macula can
also be found in some disorders such as diabetic macula
edema, retinal vascular occlusion, nicotinic acid maculopathy
(Gass 1973), high myopia with long axial length, enhanced
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Fig. 3.7 A 26-year-old male patient with XLRS. His best-corrected
vision was OD: 20/200 and OS: 20/200. (a) The color fundus montage
shows peripheral retinal splitting in the right eye and scattered white
pigments in both eyes. (b) The Optos image shows the change in the
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peripheral retinal splitting in one shot. (¢) FAF revealed irregularly
shaped areas of hyper- and hypo-AF. (d) OCT shows decreased retinal
thickness in both eyes (central retina thickness: OD: 193 pm, OS:
190 pm)
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Fig. 3.8 (a) Vitreous hemorrhage was found in the right eye of an
18-year-old patient with XLRS. An atrophic lesion around the fovea
was also found in his left eye. (b) Image of a 6-year-old boy with sub-
retinal fibrosis and peripheral retinal splitting. (Images reprinted with
permission from NK Wang, 2015, Clinical presentations of X-linked

retinoschisis in Taiwanese patients confirmed with genetic sequencing,
© 2015 Molecular Vision.) (¢) Image of a 48-year-old male with macu-
lar RPE and photoreceptor atrophy in both eyes. (d) Image of a 72-year-
old male with peripheral retinal pigmentation

Fig. 3.9 (a) Fundus image of a 35-year-old male with a golden yellow reflection over the temporal retina. (b) FAF shows an irregular hypo-
AF (right) and hyper-AF (left) area in the macula
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Fig. 3.9 (continued)

Fig. 3.10 Images of a 51-year-old male with XLRS. His initial best- retina thickness: OD: 455 pm, OS: 173 pm). (b) Fluorescence angiog-
corrected visual acuity was OD: 20/200 and OS: 20/70. (a) FAF showed  raphy revealed no leakage in the central macula even though OCT
concentric areas of hyper-AF in the right eye; OCT revealed intraretinal ~ showed intraretinal cysts

cysts in both eyes and lamellar retinal schisis in his right eye (central
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Fig.3.10 (continued)

Table 3.1 Classification scheme of XLRS

XLRS form Type
Cystic Type 1: fovea
Type 2: lamellar
Type 3: foveolamellar
Type 4: complex
Type 5: foveoperipheral
Type 6: peripheral
Atrophic Type 7: nonspecific

Foveal cystic schisis
+

+ + +

Macular lamellar schisis

+ + +

Peripheral schisis

+ + +
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Fig.3.11 (a) Images of a 30-year-old male with intraretinal cysts without increased thickness of the macula in both eyes. Central retina thickness
was OD: 230 pm and OS: 220 pm. (b) Image of a 6-year-old boy with a lamellar macular hole in the left eye and foveal schis

Fig. 3.12 Two eyes with XLRS received topical dorzolamide solu-
tion. Partial resolution of the foveal cysts and a decrease in the central
foveal thickness were observed after the treatment, but with no signifi-
cant improvement in vision. (a) Images of a 23-year-old male who
received dorzolamide treatment for 5 months. After treatment, OCT of
his right eye showed improvement of intraretinal cysts, and the central

s in the right eye

retinal thickness decreased from 609 to 388 um. The vision was 20/200
before and after the treatment. (b) Images of an 8-year-old boy who
received dorzolamide treatment for 7 months. OCT of his right eye
showed a decrease of intraretinal cysts, and the central retinal thickness
decreased from 471 to 214 pm. The initial visual acuity was 20/40, and
this remained the same after the treatment
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Fig. 3.13 ERGs from five patients (a: 23 years old, b: 51 years old, ¢:
22 years old, d: 42 years old, e: 30 years old) with XLRS and a normal
control ERG. In the patients tested, the dark-adapted (DA) 0.01 ERG
was reduced, the DA 3.0 ERG showed a reduced b/a ratio, the light-

adapted (LA) 3.0 ERG b-waves were delayed and decreased in ampli-
tude, and the LA 30 Hz flicker peak time was delayed and decreased in
amplitude. The solid lines represent the average traces of the right eyes,
and the dashed lines represent the average traces of the left eyes
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Fig. 3.14 ERGs from two patients (a: 18 years old, b: 11 years old)
with XLRS and a normal control ERG. In both patients, the dark-
adapted (DA) 0.01 ERG was reduced, the DA 3.0 ERG showed a b/a
ratio > 1, the light-adapted (LA) 3.0 ERG b-waves were delayed and

S-cone syndrome, autosomal recessive Best disease, optic
disc pit, and even dominantly inherited cystoid macular
edema (Deutman et al. 1976). However, only XLRS, nico-
tinic acid maculopathy, enhanced S-cone syndrome, and optic
disc pit showed non-FA leakage cystoid macula edema.

Although electronegative ERG is a characteristic finding
in XLRS, not all patients reveal electronegative results.
Therefore, the absence of electronegative ERG cannot
exclude the diagnosis of XLRS. Electronegative ERG can
also be found in patients with X-linked congenital station-
ary night blindness, autosomal dominant neovascular
inflammatory vitreoretinopathy, birdshot retinopathy, isch-
emic retinal vascular occlusion, melanoma-associated reti-
nopathy, and siderosis.

In the advanced stage of XLRS and macular atrophy, the
diffusion of retinal pigmentary change without retinal schisis
in the OCT may develop, which makes the diagnosis more
challenging.

Patients with XLRS could be diagnosed as having ambly-
opia, strabismus, traumatic vitreous hemorrhage and/or reti-
nal detachment, retinitis pigmentosa or exudative retinal
detachment, with or without neovascular glaucoma, which
mimics Coats’ disease. A thorough family history, retinal

decreased in amplitude, and the LA 30 Hz flicker peak time was delayed
and decreased in amplitude. The solid lines represent the average traces
of the right eyes, and the dashed lines represent the average traces of the
left eyes

examination including dilated indirect ophthalmoscopy,
OCT, and ERG may be crucial. However, genetic testing of
the RS/ gene is needed to confirm the diagnosis.

Management

There is no definitive treatment for XLRS currently.
Prescription of low-vision aid was given in most cases (Weber
and Kellner 2007; Molday et al. 2012). Current practice for
XLRS focuses on the interventions for complications, such as
vitreous hemorrhage or retinal detachment (Weber and
Kellner 2007). Some studies have shown the benefit of topical
dorzolamide solution, a carbonic anhydrase inhibitor, to
reduce the severity of the disease (Fig. 3.12) (Khandhadia
et al. 2011; Molday et al. 2012; Wang et al. 2015), which can
help to decrease the thickness of the fovea and enhance reti-
nal adhesiveness (Wolfensberger 1999); however, vision does
not improve to a great extent (Khandhadia et al. 2011; Wang
et al. 2015). Gene therapy with delivery of an adeno-
associated virus (AAV) containing the normal human RS/
gene has been used in animal models and has proven to be
successful and safe (Molday et al. 2012; Min et al. 2005;
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Janssen et al. 2008; Kjellstrom et al. 2007; Park et al. 2009;
Marangoni et al. 2016; Bush et al. 2016). These studies sug-
gest a possible long-term solution for impaired retinal func-
tion in XLRS using gene therapy. Currently, many gene
therapies for hereditary retinal diseases including XLRS have
already been advanced to clinical trials. To date, two clinical
trials of an intravitreal injection with AAV vectors for treating
XLRS have been performed (Lam 2017).
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Abbreviations

CRD Cone-rod dystrophy

ELM External limiting membrane
ERG Electroretinogram

EZ Ellipsoid zone

FAF Fundus autofluorescence

1z Interdigitation zone

mfERG  Multifocal electroretinogram
OCT Optical coherence tomography
RP Retinitis pigmentosa

RPE Retinal pigment epithelium

SD-OCT  Spectral domain optical coherence tomography

Introduction

Progressive cone/cone-rod dystrophies (CRD) are a hetero-
geneous group of disorders characterized by early deteriora-
tion of visual acuity and color vision, and in some cases
nystagmus. The prevalence is estimated to be 1/40,000.
Patients usually present in childhood or early adult life. In
later life, patients with cone dystrophies can progress to
have rod dysfunction. Hence CRD may be a more appropri-
ate terminology, to reflect widespread retinal dysfunction,
with cones usually more affected than rods. When there is
involvement of both cone and rod systems, it may be diffi-
cult clinically to differentiate CRD from retinitis pigmen-
tosa (RP). Therefore, electrophysiology can be helpful, as
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reduction or absence of cone ERG responses, with less
reduction in rod responses would indicate CRD. However,
in advanced disease, both cone and rod ERG responses may
become undetectable. Compared to rod-cone dystrophies,
CRD are less often associated with syndromes, but CRD
may be part of Bardet—Biedl syndrome and spinocerebellar
ataxia type 7.

Etiopathogenesis

Autosomal dominant, recessive, and X-linked inheritance
patterns have been described in CRD (Moore 1992). Many
different genetic mutations have been described to cause
CRD, with more being identified as technology for genetic
sequencing improves (Roosing et al. 2014). Major genes
include ABCA4, CRX, GUCY2D, and RPGR (Hamel 2007).
CRD has been found to be associated with mutations in the
gene GUCY2D, and cone dystrophy-3 (COD3) has been asso-
ciated with mutations in GUCA1A (Payne et al. 1998; Wilkie
et al. 2001). GUCY2D and GUCAIA encode the retina-spe-
cific guanylate cyclase (RETGC-1) (Kelsell et al. 1998) and
its activating protein guanylate cyclase activating protein-1
(GCAP-1), respectively. GCAPs play an important role in
regulating the function of RETGC-1 in a calcium-dependent
manner. However, it is unclear how defects in these proteins
result in degeneration which is limited to cones.

Clinical Features

Clinical features include photophobia, nystagmus, color
vision defects, and visual field abnormalities. Various visual
field defects have been reported, which include central sco-
toma, peripheral field loss, generalized loss of sensitivity,
and ring scotoma (Simunovic and Moore 1998). In later
stages of the disease when the rod photoreceptors are
involved, night blindness may also become a prominent
Ssymptom.
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Fig. 4.1 A 23-year-old male with cone dystrophy with decreased
vision in both eyes. Visual acuity (VA) 6/15 OD and 6/45 OS. (a) Color
fundus photographs showing retinal pigment epithelium (RPE) atrophy

Fundus examination findings can range from a normal
macula to bull’s eye configuration in late disease (Roosing
et al. 2014). White flecks at the level of RPE, and tapetum-
like sheen have also been described (Simunovic and Moore
1998). When there is widespread retinal involvement, there
can be presence of bone spicules resembling RP. Late stages
of CRD may be indistinguishable from RP.

Here we showcase various forms of cone and cone rod
dystrophies (Figs. 4.1, 4.2, 4.3, 4.4, 4.5, and 4.6).

Investigations

Optical coherence tomography (OCT) characteristic of cone
dystrophy in the early stages may be subtle, such as loss of
interdigitation zone (IZ) with or without foveal cavitation.
There is a less distinct border in the periphery between the

at the macular (left worse than right). (b) Corresponding fundus auto-
fluorescence (FAF) showing hypoautofluorescence at areas of RPE
atrophy

EZ and the ELM with lower intensity and thinning of the EZ
band. At the macula, the EZ band can show irregular foveal
loss or segmental foveal loss. Another pattern of OCT abnor-
mality that has been observed in cone dystrophy is central
foveal thickening with irregular perifoveal loss of the EZ
band. In the later stages, the ELM and EZ may be completely
lost at the macular region but preserved in the peripheral
regions of the fundus. There is also generalized thinning of
the RPE layer. Overall, cone and cone-rod dystrophy show
characteristic changes on OCT that affects predominantly
the macula area in the early stages and correlates with the
level of visual impairment.

Fundus autofluorescence (FAF) findings in cone/cone-rod
dystrophy can be variable and may depend on the stage of
disease. A ring of hyperautofluorescence surrounded by an
area of macula RPE atrophy has been described (Robson
et al. 2010) (Fig. 4.4b).
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Fig. 4.2 A 68-year-old female with cone-rod dystrophy with right eye  areas in the macula and beyond the macula region, suggesting more
blur vision for 2 years. VA count fingers OD 6/12 OS. (a) Color fundus ~ widespread RPE dysfunction (right worse than left). (¢) Multifocal elec-
photographs showing RPE mottling at the macula, with associated RPE  troretinogram (mfERG) showing reduced and delayed responses in the
disturbance in the mid periphery. (b) FAF showing hypoautofluorescent  central 2-3 rings in both eyes. OD (picture on left), OS (picture of right)
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Fig. 4.3 A 12-year-old male with early cone dystrophy who presented
with dyschromatopsia and visual acuity of 6/24 OU. (a) Color fundus
photograph showing relatively normal macula with normal fovea reflex.
(b) Normal FAF. (¢) Spectral domain optical coherence tomography
(SD-OCT) shows loss of interdigitation zone (IZ) between the cone

outer segments and apical processes of the RPE along the whole span of
cut but more marked in the foveal region and foveal cavitation. A less
distinct border in the periphery between the ellipsoid zone (EZ) and the
external limiting membrane with lower intensity and thinning of the EZ
band is also observed. (d) Magnified view of (c)
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Fig. 4.4 A 67-year-old female with cone dystrophy with poor vision
for many years. VA 6/120 OD, 6/90 OS. (a) Color fundus photograph
showing subtle mottling at the macula. This patient also has age-related
peripheral drusen. (b) FAF showing abnormal hyperautofluorescence in

Fig. 4.5 A 20-year-old male with bilateral central blurring of vision.
VA 6/21 OU. (a, b) Bull’s eye maculopathy is seen in both eyes.
Peripheral retina was unremarkable. However, ERG showed both rod
and cone dysfunction, suggesting a cone-rod dystrophy. (¢, d) FAF
shows a central ring of iso-autofluorescence, surrounded by a ring of

the parafoveal area, with a wider ring of hypoautofluorescence in the
macula region. (¢) SD-OCT of right macula showing RPE atrophy, loss
of ellipsoid zone, and degenerative cysts

hypoautofluorescence, then a peripheral ring of hyperautofluorescence,
typical of bull’s eye lesion. (e, f) SD-OCT showing EZ disruption cor-
responding to area of hypoautofluorescence. There is hypertransmis-
sion of light into the choroid in areas of atrophy
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Fig. 4.6 A 12-year-old female with relatively good VA of 6/12 in the
right eye and 6/9 in the left eye. (a, b) Bull’s eye maculopathy is also
seen in both eyes. Full field ERG was normal, but mfERG was reduced
in the central two rings but not delayed. As global cone function is
intact, a diagnosis of benign concentric annular macular dystrophy was

made. (¢, d) FAF shows a central ring of iso-autofluorescence, sur-
rounded by a ring of hypoautofluorescence, then a peripheral ring of
hyperautofluorescence, typical of bull’s eye lesion. (e, f) SD-OCT
showing EZ disruption corresponding to area of hypoautofluorescence.
There is hypertransmission of light into the choroid in areas of atrophy
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Fig. 4.6 (continued)

Fluorescein angiography may show hyperfluorescence at
the macula due to RPE atrophy. However, this finding is not
specific to cone/cone-rod dystrophy.

Macular dysfunction can be detected using multifocal
electroretinogram (ERG), which can also document the areas
of dysfunction topographically. Full-field ERG typically
shows poor photopic and 30 Hz flicker responses, with rela-
tively preserved scotopic (rod-derived) responses. Variable
disturbance in rod responses may also be seen in later stages
(Roosing et al. 2014). ERG is particularly informative as
they may be abnormal before distinguishable clinical signs
appear. For patients with Bull’s eye maculopathy (as in
Figs. 4.5 and 4.6), ERG is able to distinguish cone dystrophy
from macular dystrophy.

Management and Prognosis

A holistic treatment approach is recommended for patients
with cone and CRD. Management is generally conservative
and use low vision aids when appropriate. Genetic testing to
characterize the mode of inheritance is important for genetic
counseling. Current research has been focusing on identifying
the genetic basis of cone dystrophies, with the hope that in the
future gene therapy might be possible (Roosing et al. 2014).

The clinical course of CRD is more severe than RP, lead-
ing to early legal blindness and disability.
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Abbreviations

AMD Age-related macular degeneration

AOVPD  Adult onset vitelliform pattern dystrophy
BPD Butterfly-shaped pattern dystrophy
CNV Choroidal neovascularization
EOG Electrooculography

ERG Electroretinogram

FA Fluorescein angiogram

FAF Fundus autofluorescence

OCT Optical coherence tomography
ONL Outer nuclear layer

PD Pattern dystrophy

RPE Retinal pigment epithelium

SD-OCT  Spectral domain optical coherence tomography

Introduction

Pattern dystrophy (PD) refers to a group of inherited retinal
dystrophies with changes primarily at the level of the retinal
pigment epithelium (RPE). The typical features include
deposits of yellow, orange, or gray pigment in the macula,
associated with mild to moderate visual disturbance.
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Depending on the pattern of pigment disposition, five sub-
types have been described by Gass:

1. Butterfly-shaped pigment dystrophy (Deutman et al.
1970)

Adult onset vitelliform pattern dystrophy (peculiar foveo-
macular dystrophy) (Gass 1974; Epstein and Rabb 1980)
Sjogren reticular dystrophy of the RPE (Sjogren 1950)
Fundus pulverulentus (Slezak and Hommer 1969)
Multifocal pattern dystrophy simulating Stargardt
disease

W

Etiopathogenesis

PDs are most commonly inherited in an autosomal dominant
manner. Mutations in peripherin/RDS gene (now known as
PRPH?2) have been found to be the most common (Pajic
et al. 2006). PRPH?2 encodes for peripherin, a protein with
four transmembrane domains that is important for photore-
ceptor outer receptor function. PRPH2 assembles into homo-
tetramers and locates in the rim regions of the
rhodopsin-containing disk/lamellae of the photoreceptor
outer segments, where its putative function is to maintain
stability. PHRP2 also forms heterotetramers with another
tetraspanin known as the highly homologous rod outer seg-
ment 1 (ROM1) protein (Khan et al. 2016). In disease states,
the outer segments become disorganized or fail to form
entirely, and the photoreceptors subsequently degenerate
(Stuck et al. 2016).

In PDs, the primary defect is presumed to be present in
photoreceptor cells, with subsequent damage to RPE and
choriocapillaris.

Dominant PRPH?2 mutations have been associated with a
variety of retinal phenotypes typically of adult onset and
often affect the macula. Phenotypes other than PD include
cone-rod dystrophy, retinitis punctata albescens, central are-
olar choroidal dystrophy, retinitis pigmentosa, fundus
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flavimaculatus, age-related macular degeneration-like late
onset maculopathy, and other unspecified autosomal domi-
nant macular dystrophies.

Variable expressivity is also common in PHRP2 mutations.
If one or more of the abovementioned phenotype is present in
a family, heterozygous mutations should be suspected.

Clinical Features

Patients commonly present in middle age with disturbance in
central vision and may experience macular photostress. The
fundus may show a variety of yellow, orange, or gray deposit
in the macula. When patients present in advanced age, atro-
phy of the RPE-photoreceptor complex may develop and
result in more severe visual loss. In such cases, pattern dys-
trophy can be confused with age-related macular degenera-
tion (AMD). Some important differentiating factors include
the lack of drusen and high level of symmetry in PD. Rarely,
choroidal neovascularization (CNV) can complicate pattern
dystrophy (Battaglia Parodi et al. 2003; Marano et al. 1996).

Butterfly-Shaped Pattern Dystrophy (BPD)

The butterfly-shaped pigmentation can be yellow, white, or
black. The accumulation of pigment resembles the wings of
a butterfly. Generally, the onset of visual symptoms is in the
20s or 30s (Figs. 5.1 and 5.2).

Adult Onset Vitelliform Pattern Dystrophy
(AOVPD)

In AOVPD, there are typically symmetric yellowish sub-
retinal lesions at the fovea, or presence of flecks. The
vitelliform lesion may be confused with the later stages of
Best disease. The yellow foveal lesions may develop a
central gray or orange clump of pigment. Later, the foveal
lesions may fade, leaving an area of RPE depigmentation
(Fig. 5.3).

Sjogren Reticular Dystrophy of the RPE

In reticular dystrophy of the RPE, a network of pigmented
lines can be seen in the macula which resembles fishnet
with knots or chicken wire. With increasing age, most
lesions fade and become replaced by atrophic changes in
the RPE. In advanced disease, the network becomes
bleached and irregular and small white dots appear in the
RPE (Fig. 5.4).

Fundus Pulverulentus

This is the rarest form of PD. Patients typically have mild
visual loss associated with prominent, coarse, punctiform
mottling of the RPE in the central macula. Some cases are
associated with pseudoxanthoma elasticum.

Fig. 5.1 A 40-year-old male with right decreased vision for 3 months.
Visual acuity (VA) 6/24 OD (a) Color fundus photograph showing yel-
lowish pigment deposition in a shape resembling wings of a butterfly.

(b) Fluorescein angiogram (FA) showing areas of blocked fluorescence
corresponding to the “wings”
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optical coherence tomography (SD-OCT) showing irregular RPE cor-
responding to area of hyperautofluorescence likely due to pigment
clumping (e). The areas of hypoautofluorescence correspond to areas of

ellipsoid zone and RPE disruption (¢, d)

Fig. 5.2 A 50-year-old male with BPD presenting with mild reduced
vision. VA 6/9 OD. (a) Color fundus photograph showing pigment
deposition. (b) Fundus autofluorescence (FAF) imaged using a fundus
camera showing areas of hyper/hypoautofluorescence corresponding to
the pattern of lipofuscin deposition. (c—e) Series of spectral domain
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Fig.5.3 A 43-year-old male with AOVPD presented with reduced left
eye vision for 1 year. VA 6/18 OS. (a) Multifocal yellowish subretinal
deposits surrounded by grayish pigmentary changes. (b) FAF shows
these areas have hyperautofluorescent cores corresponding to yellow
deposits. This is surrounded by hypoautofluorescent areas which are
more obvious on FAF compared to color fundus photographs. (¢, d)
Later stage of AOFVD with a well-circumscribed yellowish foveal atro-
phic lesion which appears hypoautofluorescent on FAF. This lesion may

be confused with an area of geographic atrophy in age-related macular
degeneration. However, the surrounding fleck-like lesions which appear
hyperautofluorescent should raise the suspicion that this may be a case
of AOFVD. (e, f) Series of SD-OCT images showing loss of ellipsoid
zone, disruption of outer retina, and RPE layer in the fovea area.
However, there are areas of possibly early vitelliform lesions (white
arrows) which correspond to hyperautofluorescent areas on 3D
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Fig. 5.4 A 56-year-old female who was referred for evaluation of reti-
nal lesions. VA of 6/15 OD and 6/30 OS (proven RDS gene mutation).
(a, ¢) Color fundus photographs showing a prominent reticular network
of pale linear lesions at the macula. (b, d) On FAF, the linear structures
appear hypoautofluorescent. However, a wider hyperautofluorescent

ring can be seen encompassing the abnormal area. (e) The linear struc-
tures appear as hyperfluorescent window defects on FA which suggests
there is RPE atrophy. The indocyanine green angiogram was unremark-
able. (f, g SD-OCT shows widespread disruption of the outer retinal
layers
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Fig.5.4 (continued)

Multifocal Pattern Dystrophy Simulating
Fundus Flavimaculatus

Occasionally, multifocal pattern dystrophy may also simu-
late other inherited retinal diseases such as Stargardt disease
(Boon et al. 2007). Secondary CNV formation is a possible
but rare sequelae of pattern dystrophy (Fig. 5.5). FA in these
cases will not show a dark choroid which suggests lipofuscin
deposition.

Investigations

On fundus autofluorescence (FAF), lesions in BPD may
show increased as well as decreased autofluorescence, with
corresponding changes in RPE lipofuscin within the lesion
(Boon et al. 2008). The flecks in multifocal pattern dystro-
phy simulating Stargardt disease exhibit highly increased
autofluorescence, with small adjacent zones of decreased
autofluorescence. In AOVPD, various autofluorescence pat-
terns described include normal, focal, patchy, ring-like, and
linear with inconsistent correlation with visual acuity (Furino
et al. 2008; Parodi et al. 2008).

OCT imaging in pattern dystrophy shows a variety of
changes (Hannan et al. 2013; Kumar and Kumawat 2018).
Features include hyper-reflectivity between the retinal pig-
ment epithelium (RPE)/Bruch’s complex and the ellipsoid

zone. Ellipsoid zone and outer retinal layer disruption can
also be observed. Abnormal focal hyper-reflectivity originat-
ing from the RPE toward the outer nuclear layer (ONL) may
also be seen.

On FA, a butterfly-shaped defect can be more clearly seen
especially when lesions are not clinically obvious. The lesion
appears as blocked fluorescence due to pigment deposition,
surround by hyperfluoresence (Tuppurainen and Méntyjirvi
1994). The FA defects are also often more widespread and
better manifested than color photographs.

Full-field electroretinogram (ERG) typically shows nor-
mal cone and rod amplitudes and implicit times. Some
reduction may be seen if there are more extensive changes.
EOG light peak to dark trough ratios are frequently normal
and only modestly subnormal, in contrast to Best vitelliform
macular dystrophy.

Electrophysiology is usually performed for patients with
lack of mutations in PRPH?2, or a fundus appearance which
is apparent for more widespread involvement of the
photoreceptors.

Management and Prognosis

Most patients with PD retain reasonable vision. Patients
should be reassured that the prognosis of maintaining good
central vision in one eye until late adulthood is good.
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Fig. 5.5 (a, ¢) Color fundus photographs showing bilateral macula
atrophic changes with yellowish fleck deposition. (b, d) Fundus AF
showing hyperfluorescent areas corresponding to flecks. (e, f) SD-OCT
shows loss of outer retina in both eyes. Retinal edema can be seen in the
right resulting from a secondary CNV. (g) Early and late phase FA of
the right eye demonstrating leakage from CNV. (h) FA of left eye
showed no leakage. (i) Five years after presentation, in addition to yel-
lowish flecks, RPE hyperplasia is seen temporal to the fovea. (j) Fundus

AF showing hyperfluorescent areas corresponding to flecks and hypo-
fluorescent areas at the fovea corresponding to area of RPE hyperplasia.
(k) SD-OCT shows a hyperreflective lesion corresponding to a CNV
scar. (I) Color fundus photograph showing RPE hyperplasia, in addition
to flecks. (m) Fundus AF showing hypofluorescent area corresponding
to area of RPE hyperplasia. (n) SD-OCT shows loss of outer retina in
the left eye
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Fig.5.5 (continued)




5 Pattern Dystrophy

(continued)




84

A.Tsaietal.

Fig.5.5 (continued)

In patients who experience difficulty in adapting when
moving from a bright light into a dark area, the use of dark
glasses when outside may help with symptoms. If CNV
develops, anti-vascular endothelial growth factor injections
are indicated. However, all patients should also be counseled
regarding potential gradual visual deterioration in the long-
term and potential implications on driving. It has been
reported that about 50% of patients with PD eventually
develop geographic atrophy or CNV (Francis et al. 2005).
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Stargardt Macular Dystrophy

Veronika Vaclavik

Introduction

ABCA4-associated autosomal recessive Stargardt disease
(STGD1; MIM 248200), also known as Stargardt macular
dystrophy, is the most common monogenic macular dystro-
phy in adults and children (Allikmets et al. 1997; Stone et al.
2017). There is an estimated prevalence of 1 in 8000 to 1 in
10,000 (Blacharski 1988). Most common onset of disease
symptoms is during childhood or teenage years and is char-
acterized by impairment of central vision that usually pro-
gresses to legal blindness (Fishman et al. 1987; Rotenstreich
et al. 2003). The peripheral vision is preserved most of the
time (Aaberg 1986). Some late and adult onset Stargardt
phenotypes are associated with milder missense mutations
(Fujinami et al. 2013b; Genead et al. 2009).

Stargardt disease is an autosomal recessive retinal dystro-
phy, linked to mutations in the ABCA4 gene (Allikmets et al.
1997), with both sexes equally affected. Over 1000 variants
have been identified in the ABCA4 gene; combinations of
variants result in a highly heterogenic phenotype and are pre-
dictive of the severity and age of onset of the disease
(Cornelis et al. 2017; Zernant et al. 2017). The ABCA4 gene
encodes for a retinal-specific ATP-binding transporter pro-
tein. Its dysfunction leads to toxic accumulation of byprod-
ucts from the visual cycle in the retinal pigment epithelium
and photoreceptor cells, leading to irreversible damage of the
outer retinal layers (Allikmets et al. 1997).

There is currently no proven treatment, but there are sev-
eral axes of intervention being explored, including human
clinical trials of gene replacement therapy, stem cell therapy,
and pharmacological approaches (Dalkara et al. 2016; Saad
and Washington 2016; Schwartz et al. 2015).
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Clinical Features

Phenotypes of Stargardt disease range from very early-onset
panretinal degeneration (Ciccone et al. 2018; Cremers et al.
1998; Lee et al. 2016; Maugeri et al. 2000; Tanaka et al.
2018) to late-onset mild cases, with preserved fovea. This
phenotypic variability is due to extensive ABCA4 disease-
associated genetic variation, with more than 1000 definitely
or very likely disease-causing variants in the coding sequence
and splice site of the ABCA4 gene (Cornelis et al. 2017).

Early-onset Stargardt disease is on the more severe end
of ABCA4-associated retinal degeneration spectrum and is
associated with null or otherwise severe and/or moderate
ABCA4 mutations (Yatsenko et al. 2001). The mean age of
onset of symptoms is about 7 years. These patients have a
fast decline in visual acuity bilaterally, noticed by them-
selves or parents or school physicians. The decrease in visual
acuity might be initially unexplained, as fundus examination
may not reveal any major abnormalities. A normal fundus
appearance in affected children was described in 24-33% of
cases (Fujinami et al. 2015; Lambertus et al. 2015).

In these early forms, the fundus appearance is character-
ized by atrophy of the macula, which might be very subtle at
the beginning, while the typical yellow flecks can be absent
(Lambertus et al. 2015). The lack of typical signs on the ret-
ina led to delay in diagnosis of childhood early-onset STGD1
of median 3 years. During that time many unnecessary inves-
tigations, such as MRIs or CTs, lumbar punctures as well as
mental illness or amblyopia treatments were performed (Bax
et al. 2019). Some additional paraclinical (SD-OCT, auto-
fluorescence, full field ERGs) and genetic testing might be
therefore necessary to confirm the diagnosis of early-onset
STGDI1 (Fujinami et al. 2015).

A family with three affected children (Figs. 6.1, 6.2, and
6.3), with an ABCA4 variants: Allele 1: ¢.[634C > T], p.
(R212C) Allele 2: ¢.[4539 + 2064C > T;5460 + 1769C > A],
is a good illustration of early-onset STGD1 as well as intra-
familial variable phenotype expressivity. The eldest son had
reducing visual acuity since his age of 7 years. When aged
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Fig. 6.1 Eldest affected son (family 2, ABCA4 Allele 1: ¢.[634C > T],
p.(R212C) Allele 2: ¢.[4539 + 2064C > T;5460 + 1769C > A]). (a, b)
Fundus color photos RE and LE, showing central atrophy in both eyes,
with a scar temporal to the fovea in the RE. Some flecks can be seen sur-
rounding the atrophy. (¢, d) Autofluorescence RE and LE showing hypo-
fluorescent enlarged central area, surrounded by hyperautofluorescent
flecks. The patient was 22 years old, and his VA (eccentrically) was 0.1 in

the RE and 0.16 in the LE. (e, f) Color fundus photos RE and LE, 2 years
later, showing concentric extension of flecks that are still within the arcades,
at the macula. (g, h) Autofluorescence imaging RE and LE, 2 years later,
showing extension of hyperautofluorescent flecks, extending beyond
arcades: some flecks superior to optic nerve can be seen. (i, j) OCT RE and
LE, when the patient was 22 years old, OCT RE showing some cysts, cor-
responding to the old CNV. Thinning of all subfoveal layers in the LE
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Fig. 6.2 Younger affected sister (family 2, ABCA4 Allele 1: c¢. nal limiting membrane. At this time the patient was 16 years old, and
[634C > T], p.(R212C) Allele 2: ¢.[4539 + 2064C > T;5460 + 1769C >  her VA was 0.6 bilaterally. (e, f) Autofluorescence imaging 4 years later
A]). (a, b) Autofluorescence imaging RE and LE, showing hyperauto-  (patient aged 20 years): hyperfluorescent band enlarged, hyperautofluo-
fluorescent ring around an enlarged hypofluorescent central area. Some ~ rescent flecks enraged in number and size. (g, h) OCT RE and LE
hyperfluorescent spots, in superior of the fovea, more in RE. (¢, d) OCT 4 years later: thinning of layer, absence of ellipsoid layer, and external
LE and RE, showing hyperreflective subfoveal thickening of the exter-  limiting membrane in the subfoveal area. The VA dropped to 0.16
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Fig. 6.3 Youngest affected sister (family 2, ABCA4 Allele 1: c. fluorescent halo surrounding an enlarged hypofluorescent foveal area.
[634C > T], p.(R212C) Allele 2: ¢.[4539 + 2064C > T;5460 + 1769C > (e, f) OCT RE and LE, showing subfoveal “cystic space” due to inter-
A]). (a, b) Color fundus photo RE and LE, showing normal appearance  rupted ellipsoid layer. Her BCVA was 0.5 bilaterally

of fundus. (¢, d) Autofluorescence imaging RE and LE, showing hyper-
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11 years, his Snellen VA was 0.2 bilaterally, no flecks were
visible on AF imaging. When he was 22 years, a CNV com-
plicated his enlarging central atrophy (Fig. 6.1i), and some
flecks were noticed on AF (Fig. 6.1c, d). The flecks increased
in number and extended 2 years later (Fig. 6.1g, h). A
younger sister had a milder phenotype, with a Snellen visual
acuity of 0.6 bilaterally aged 16 years. The AF image showed
enlarged hypofluorescent central area, surrounded by a
hyperfluorescent ring and a few flecks (Fig. 6.2a, b). The
OCT showed hyperreflective subfoveal thickening of the
band representing the external limiting membrane (Fig. 6.2c,
d). Four years later, her VA dropped to 0.16, with more flecks
on AF (Fig. 6.2¢, f) and thinning of layers on OCT: disrupted
ellipsoid and external limiting membrane layer (Fig. 6.2g, h).
The youngest affected sister came, aged 12 years, with
reducing VA for 2-3 years. Her BCVA was 0.5 bilaterally,
with enlarged hypofluorescence on AF, surrounded by hyper-
fluorescent ring (Fig. 6.3c, d). Her fundus examination was
within normal limits, some small atrophy could be seen at
the fovea (Fig. 6.3a, b). The OCTs showed subfoveal inter-
rupted ellipsoid layer, with the appearance of “cystic space”
(Fig. 6.3e, ).

The natural course of early-onset STGDI1 can extend
beyond macula to diffuse chorioretinal atrophy, some stay
limited to the macula, depending on the severity of ABCA4
mutations.

Intermediate-Onset (or Adult Onset) Stargardt

The mean age of onset is young adulthood. At presentation,
the fundus shows typical yellow-white flecks, with central
atrophy. Figure 6.4 shows progression of central atrophy of a
patient with variants in ABCA4: 1: ¢.[634C > T], p.R212C, 2:
c.[1937 + 393 T > C]. He started losing his VA in his 30s and
then developed photophobia in his mid-40s. The AF imaging
showed central atrophy surrounded by hyperfluorescent
flecks when he was 50 years old (Fig. 6.4c, d). The VA at this
time was 0.1 bilaterally, eccentric. Nine years later the area
of atrophy enlarged, and hyperfluorescent flecks became
confluent (Fig. 6.4e, f).

Very widespread flecks at presentation can also be seen.
The diagnosis of STGD1 was established when the patient
was 15 years old, the first AF imaging showed widespread
flecks and enlarged hypofluorescent area at macula (Fig. 6.5a,
b). His VA was 0.4 in his right eye and 0.3 in the left. Two
years later, more flecks appeared at the posterior pole, with
centrifugal expansion, while hypofluorescent area enlarged
(Fig. 6.5¢, f). The vision dropped to 0.2 bilaterally. The OCTs
showed thinning of the retina, with interrupted ellipsoid
layer—enlarging over the period of 2 years (Fig. 6.5¢, d, g, h).
The screening of ABCA4 gene showed variants: Allele 1: c.
[5087G > A], p.(S1696N) Allele 2: ¢.[1957G > A], p.(R653C).

Late-Onset Stargardt

STGDI can be diagnosed as late as 50 years. In these cases,
it is often associated with foveal sparing and a better prog-
nosis and some specific missense variants are often associ-
ated (Fujinami et al. 2013a; Yatsenko et al. 2001).
Historically the late-onset STGD1 has been found to have
one mutant allele only, while the second allele has not been
found. Several recent reports described that the second
allele in many of those cases harbored a hypomorphic p
N1868I (c.5603A > T) ABCA4 variant (Collison and
Fishman 2018; Zernant et al. 2017). This variant was con-
sistently associated with foveal sparing, late-onset STGD1,
when the opposing ABCA4 allele carried a deleterious
mutation (Zernant et al. 2017).

Figure 6.6 illustrates a patient with variants in ABCA4
(c.[2971G > C], G991R exon 20; ¢.[3899G > A], R1300Q
exon 27). She started to notice reducing vision since she was
50 years old. The AF imaging showed foveal sparing and
some surrounding hyperfluorescent flecks. The visual acuity
was 0.8 in the right eye and 0.3 in the left.

Paraclinic Testing (Imaging and ERGs)

Electrophysiological assessment, including full-field, pat-
tern, and multifocal ERG, can be helpful. Some authors
established classification of three established subtypes,
according to their electrophysiology (Lois et al. 2001).
Group 1 was classified as severe pattern ERG abnormality,
with otherwise normal rod and cone function. Group 2 was
classified as severe pattern ERG abnormality, with addi-
tional generalized loss of cone function. Group 3 was addi-
tional generalized loss of both cone and rod function. In
the original publication, it was thought that these groups
have prognostic value, with Group 1 having a better prog-
nosis, with a more localized disease. However, further
studies demonstrated that 22% of patients from Group 1
showed progression to Group 2 or 3, while 47% patients
from Group 2 progressed to Group 3 (Fujinami et al.
2013b).

Autofluorescence imaging enables imaging of RPE lipo-
fuscin distribution in vivo, using properties of lipofuscin, and
related metabolites, A2E (Delori et al. 1995). AF is more
useful in the diagnosis of STGDI disease than fluorescein
angiography, previously used to identify the “dark choroid,”
observed in 80% of STGD1 due to blockage of underlying
choroidal fluorescence by “lipofuscin-overloaded” RPE
(Fishman et al. 1999). AF can identify fundus changes before
they are clinically obvious on ophthalmoscopy—such as
early atrophy and flecks (Wabbels et al. 2006). An abnor-
mally increased AF signal derives from excessive lipofuscin
accumulation, while reduced signal translate and absent or
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Fig. 6.4 Family 1 ABCA4 Allele 1: c.[634C > T], p.R212C Allele 2:
c.[1937 + 393 T > C]. (a, b) Color fundus photo RE and LE, showing
central atrophy and flecks all over the posterior pole. (¢, d)
Autofluorescent images of RE and LE, showing large central hypofluo-
rescent atrophy and hyperfluorescent flecks extending beyond the optic

nerve. The patient was 50 years old, and his BCVA (excentric) was
0.07 in the RE and 0.1 in the LE. (e, f) Autofluorescent images RE and
LE, 9 years later, showing enlarged central hypofluorescent area of
atrophy and further increase of hyperfluorescent flecks, becoming
confluent
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Fig.6.5 Family 3, ABCA4 Allele 1: c.[5S087G > A], p.(S1696N) Allele
2: ¢.[1957G > A], p.(R653C). (a, b) Autofluorescence images RE and
LE, showing widespread hyperfluorescent flecks on the posterior pole
and enlarged hypofluorescent central area. The patient was 15 years old,
and his BCVA was 0.4 RE and 0.3 LE. (¢, d) OCT images RE and LE,
showing thinning of the retina (absent ellipsoid layer). (e, f)

Autofluorescent images RE and LE 2 years later, showing increased
density of flecks, some becoming confluent; further enlargement of
central hypofluorescent area. (g, h) OCT RE and LE, 2 years later,
showing enlarged area of thin retina (absent ellipsoid layer). The VA

dropped to 0.2 bilaterally
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Fig. 6.6 Family 4, ABCA4 ¢.[2971G > C], G991R exon 20; c.
[3899G > A], R1300Q exon 27. (a, b) Color fundus photo RE and LE,
showing confluent flecks, bilaterally. (¢, d) Autofluorescence images

reduced RPE lipofuscin density or RPE/photoreceptor loss
(Smith et al. 2009). SD-OCT provides high-resolution cross-
sectional images and allows early detection. The earliest
OCT abnormality described in children is external limiting
membrane thickening (Fig. 6.2¢, d), which precede develop-
ment of atrophy (Chen et al. 2011). An OCT angiography
study (Muller et al. 2018) was helpful in distinguishing
between STGD1 patients and AMD patients: at the choroidal
flow signal, the STGDI1 patients had a more pronounced rar-
efaction of the choriocapillaris flow signal as compared to
AMD patients.

RE and LE, showing preserved fovea surrounded by hypofluorescent
ring, and some confluent flecks. The patient is 51 years old, her VA is
0.8 RE, 0.3LE

Molecular Genetics

Stargardt disease was mapped to the long arm of chromo-
some 1 in 1993 (Kaplan et al. 1993) and was later shown to
be caused by variants in the ABCA4 gene, consisting of 50
exons (Allikmets et al. 1997). ABCA4 gene encodes the ade-
nosine triphosphate (ATP)-binding cassette transporter type
A4 (ABCA4 (MIM: 601691)), a transmembrane protein
located at the rims of disc membranes of rod and cone outer
segments, that transport vitamin A derivatives in the visual
cycle (Allikmets et al. 1997).
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Besides STGDI1, variants in ABCA4 gene are also associ-
ated with cone-rod dystrophy (ar CRD (MIM: 604116)),
bull’s eye maculopathy, rod-cone dystrophy, and panretinal
dystrophies (Cremers et al. 1998; Duncker et al. 2015).

STGD1 is inherited in an autosomal recessive fashion.
Biallelic variants in ABCA4 gene can be identified in about
80% of patients with STGDI1 (Schulz et al. 2017; Zernant
et al. 2017), and 30% of cases with arCRD (Maugeri et al.
2000) after sequencing coding regions and flanking splice
sites. The genotype—phenotype correlation is challenging
due to highly polymorphic nature and large number of vari-
ants. In general, missense variants are associated with later
onset, milder disease, while null alleles are associated with
more severe, earlier onset. Some missense variants can also
have severe functional effects similar to null: pLeu541Pro, p.
Alal038Val, and pArgl640Trp (Wiszniewski et al. 2005).
Some missense variants seem to be more frequently associ-
ated in the mildest phenotype, foveal sparing-STGDI,
including pArg2030GlIn (Fujinami et al. 2013b).

In remaining STGDI1 patients with missing ABCA4 vari-
ants, it has been hypothesized that the majority of missing
variants reside in intronic regions of the gene. Several groups
demonstrated such deep-intronic variants (Albert et al. 2018;
Bauwens et al. 2015; Braun et al. 2013) and proved pathoge-
nicity of some (Albert et al. 2018).

Clinical Management/Possibilities
of Intervention

Several clinical trials are being conducted for STGD1, with
different therapeutic strategies:

1. Gene replacement therapy by delivering the full ABCA4
cDNA (6.8 kb) via lentiviral vector, since the size of
ABCA4 exceeded the previous adeno-associated virus
(AAV) vector capacities (ClinicalTrials.gov:
NCT01367444 and NCT01736592). Currently a Phase I/
IT is ongoing, with no safety concerns in the first three
cohorts of subjects with relatively severe disease.

2. Subretinal transplantation of human embryonic stem cell-
derived RPE cells (hESC-RPE) (ClinicalTrials.gov:
NCT02445612 and NCT02941991), considering the fact
that RPE cell loss is believed to precede photoreceptor
cell loss.

3. Administration of a chemically modified vitamin A, taken
orally, that will enter the visual cycle but not dimerize:
C20-D3-retinylacetate (NCT02402660), in Phase II.

4. Modulation of ABCA4 pre-mRNA splicing by using anti-
sense oligonucleotides (AONs), in order to rescue a splic-
ing defect, in vitro study (Albert et al. 2018).

Pathogenesis and Animal Models

The visual cycle consists of recycling of all-trans retinal
back to 11-cis retinal (Travis et al. 2007). All-trans retinal is
released from light-activated rhodopsin or cone opsin into
rod and cone outer segments, transported to the disc surface
by ABCAA4, after forming a complex N-retinylidene-
phosphatidylethanolamine (N-ret-PE). The lack of removal
of N-ret-PE from photoreceptor outer segment results in
accumulation of bisretinoid compounds and toxic levels of
A2PE in photoreceptor membranes (Sparrow et al. 2012).
A2PE is hydrolyzed to form a highly toxic metabolite A2E
which accumulate in the RPE cells, as component of lipofus-
cin, leading to RPE dysfunction and death, followed by pho-
toreceptor dysfunction/loss (Sparrow and Boulton 2005).

A STGD1 mouse model (ABCA4 knockout) has significant
limitations: as a nocturnal animal, the morphology of mouse
eye differs from humans, including the lack of macula.

More recently a dog model showing clinical signs similar
to human STGD1 has been studied. A novel form of retinal
degeneration in Labrador retriever become available. The
whole-genome sequencing of this dog model identified a
loss of function mutation in the ABCA4 gene. This finding
may enable to develop a canine model for human STGD1
(Makelainen et al. 2019).
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North Carolina Macular Dystrophy

Leslie Small, Kent Small, and Fadi Shaya

North Carolina macular dystrophy (NCMD) is a congeni-
tal, developmental abnormality of the macula. It was first
described in families living in western North Carolina by
Lefler, Wadsworth, and Sidbury in 1971 and initially
called autosomal dominant macular degeneration and
aminoaciduria (Lefler et al. 1971). Subsequently this dis-
ease became known as the Lefler Wadsworth Sidbury
syndrome. However, the aminoaciduria was later found
to not consistently manifest in the affected family mem-
bers, making this a misnomer in that it is not a syndrome
at all. J Donald M. Gass, MD named NCMD after the
founder effect of this initial family in his textbook
Stereoscopic Atlas of Macular Diseases: Diagnosis and
Treatment (Gass 1997). However, NCMD has now been
described in many unrelated families from the United
States, the United Kingdom, France, Germany, Korea,
and Belize (Small 1998; Reichel et al. 1998; Pauleikhoff
et al. 1997).

Due in part to the great phenotypic variability, several
names have been attributed to the disease including domi-
nant macular degeneration and aminoaciduria, dominant
progressive foveal dystrophy, central areolar pigment epithe-
lial dystrophy, central pigment epithelial and choroidal
degeneration, Caldera maculopathy, and NCMD. All of these
published “unique diseases” were found by Small et al. to be
merely branches of the original NCMD family (Small 1989;
Hermsen and Judisch 1984; Fetkenhour et al. 1976; Leveille
et al. 1982). The Human Genome Organization (HUGO)
Gene Nomenclature Committee (HGNC) named it MCDR1
(MC = macula, D = dystrophy, R = retina, 1 = first macular
disease mapped in the human genome). Additionally, due to
the varied phenotypical appearance, MCDR1 was originally
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believed to be a progressive disease, hence the name domi-
nant progressive foveal dystrophy. However, Small and col-
leagues reexamined the original Lefler Wadsworth Sidbury
family almost two decades later and found that the disease in
fact was not progressive but a developmental disorder that
presented with a highly variable expressivity (Small 1989;
Small et al. 1991a). Patients are born with the disease, and it
does not progress from less severe to more severe grades.
Some progression and vision loss, however, can occur
namely from the development of choroidal neovasculariza-
tion (Small et al. 1991a).

Therefore, a grading system was assigned by Small,
rather than a staging system which implies progression and
was established to describe the expression of the
disease(Small et al. 1991a):

e Grade 1: good visual acuity (20/20-20/30) with bilateral
yellow specks in the central macula.

e Grade 2: good to moderate visual acuity (20/25-20/200),
with bilateral confluent yellow specks in the macula.

e Grade 3: moderate to poor visual acuity (20/20—count
fingers) with bilateral excavated lesions of the macula.
The grade 3 disease has been misdiagnosed in several
patients as congenital toxoplasmosis. The variable expres-
sivity has caused NCMD to have several phenocopies.
These include AMD (drusen), Best disease, idiopathic
CNVM, and toxoplasmosis (Small et al. 1991a) (Figs. 7.1,
7.2,7.3,and 7.4).

What is surprising about NCMD for most clinicians is the
level of preserved vision despite the severe macular appear-
ances. It is important to note that about half of the patients
are asymptomatic. Therefore, the absence of the history of
other affected family members may not be useful in correctly
diagnosing MCDRI1. In other words, the absence of a “posi-
tive family history”” does not rule this disease out in the dif-
ferential diagnoses. Of note, full-field electroretinography (ff
ERG), electro-oculogram (EOG), dark adaptation, and color
vision are normal in patients with MCDRI1 (Small 1989).
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About one third of the patients have a coloboma-like excava-
tion of the macula that has a well-demarcated area of RPE
and absence of choriocapillaris and surrounding subretinal
fibrosis that tends to result in shelving on the temporal edge
compared to smooth sloping on the nasal edge. Patients tend
to use the nasal edge for fixation, causing a positive angle
kappa with strabismus appearance. A few patients have had
strabismus surgery for this as a child with marginal benefit
(personal communication Kent W Small).

Because of the large North Carolina family initially ascer-
tained by Small et al., it was apparent that the size was suf-
ficient for genetic linkage studies in order to map the gene
location in the human genome. This was achieved by Small
et al. by using LINKAGE ANALYSIS (Small et al. 1991b).

Fig. 7.1 Left eye, 35-year-old male, grade 3 lesion with 20/20 visual
acuity. Previously, this patient was misdiagnosed with toxoplasmosis

The studies began with the then state-of-the-art genetic
markers, RFLPs (restriction length polymorphisms). Later
Small et al. were the first in ophthalmology to use the new
PCR (polymerase chain reaction)-based genetic marker
(“CA repeats,” microsatellites) developed by Jim Weber,
PhD, in Marshfield Wisconsin. These markers were more
efficient and highly informative.

After having excluded most of the human genome, link-
age was finally obtained to chromosome 6q16. The Human
Genome Organization (HUGO) named it MCDRI;
mc = macula, d = dystrophy, r = retina, 1 = first one mapped
in the Human Genome. Over the decades, many more fami-
lies with the NCMD phenotype were ascertained through
national and international collaborations. The peak loga-
rithm of odds (LOD) score (a score indicating significance
of genetic linkage) was 40.01, one of the highest ever
obtained in human genetics and narrowed the genetic dis-
tance to 870 kb (Small 1998). All NCMD families had
mapped to the same chromosome six locus until Edwin
Stone et al. found a Danish family with NCMD phenotype
that mapped to chromosome 5, documenting the only known
instance of genetic heterogeneity for NCMD (Rosenberg
et al. 2010).

A classical positional cloning strategy was engaged using
the newest techniques that were coming out of the Human
Genome Project focused on only the 880 kb region, using
YAC:s (yeast artificial chromosomes), BACs (bacterial artifi-
cial chromosomes), PACs (P1 artificial chromosomes), even
the Fugu cDNA library. By 2001, Small et al. had sequenced
all known expressed sequences (genes) and some of the pro-
moters including an unnamed zinc finger. At that point, it
became apparent that the mutations causing NCMD would
be atypical and likely in a non-coding region.

Eventually, a new efficient and cheaper sequencing tech-
nology became commercially available called NEXGEN

Fig. 7.2 (a) Fundus photo right eye, 21-year-old male, 20/40 visual acuity: courtesy of Dr. Thomas Rice. (b) Corresponding fluorescein angiog-
raphy of (a)
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Fig. 7.3 Fundus photo right eye, 6-year-old girl, 20/50 VA grade 2
NCMD with confluent drusen

Fig. 7.4 Fundus photo left eye, 32-year-old male, 20/25 visual acuity,
gradel NCMD

sequencing. The volume of data generated with the method
was extensive. Sorting through and analyzing this data
required sophisticated algorithms and expertise provided by
Edwin Stone, MD, PhD, and Adam DeLuca, PhD, at
University of Towa. In 11 of Small’s largest and most com-
plete NCMD families, with additional sequencing, five dif-
ferent mutations were found. Three point mutations were
found in a non-coding region in a regulatory region known as
a DNASE 1 hypersensitivity binding site. This site is 20 kb
away from the nearest gene PRDM 3 which is a retinal tran-
scription factor. A fourth mutation found was a large duplica-
tion that involved PRDMI13. The fifth mutation was a

duplication on chromosome 5 involving another transcrip-
tion factor IRX1 in the Danish family (Small et al. 2016,
2017).

These findings were called “one of the most important
studies in the past several decades” by Richard Weleber in an
editorial (Weleber 2016). Several issues make these findings
so noteworthy. NCMD is rare but is found worldwide in over
40 families studied by Small et al. with mutations found in
over half to date in the United States, Europe, Central
America, and China. It appears that overexpression of
PRDM13 and IRX1 are the cause of the NCMD phenotype.
These are new pathways to explore in macular diseases, and
it appears that PRDM13 and IRX1 are important in the
embryogenesis of the macula (Small et al. 2016; Cipriani
et al. 2017). Understanding/manipulating these genes could
help us learn to control, grow, and/or develop new maculae.
IRX1 has recently been found to be expressed in the 19-week
human embryonic maculae (Cipriani et al. 2017).

There is a single point mutation (Chr6:99593030) in
most of the American families. A majority of these families
studied also have the same haplotype in this region, suggest-
ing a common founder. The same is true for most British,
French, German, and Dutch families with the single point
mutation Chr6:99593111, which is also in the non-coding
DNASEI hypersensitivity binding site affecting the expres-
sion of PRDM 13. Additionally, most of the Europeans tested
have the same haplotype again suggesting a common
founder. PRDM13 is expressed in GABAergic amacrine
cells (Watanabe et al. 2015). A knockout mouse of this gene
has a mild retinal phenotype with apparent increased retinal
sensitivity (Watanabe et al. 2015). Since mice do not have
maculae and because NCMD is due to overexpression of
PRDM13, this mouse model would not be expected to
mimic NCMD. Although amacrine cells contribute to the
oscillatory potentials of the full-field electroretinogram, no
such abnormalities have been found in NCMD patients
studied.

Others have confirmed two overlapping duplications in
the DNASEI1 hypersensitivity binding site which regulates
the transcription factor IRX1 (Cipriani et al. 2017). IRX1 is a
member of the Iroquois homeobox gene family. Members of
this family appear to play multiple roles during pattern for-
mation of vertebrate embryos (Bosse et al. 1997). Iro/Irx
genes have generally been thought to act as patterning genes
that perform “early” functions in neural development and are
also thought to have redundant functions. Irx genes also pos-
sess important “late” functions in terminal differentiation of
neurons in vertebrates. IRXS5 regulates the expression of
some of the genes that define terminally differentiated OFF
cone bipolar cells and demonstrate that mammalian Irx genes
also possess regulatory functions in neuronal differentiation
(Cheng et al. 2005).
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Choroideremia

lan M. MacDonald, Natalia Binczyk, Alina Radziwon,

and loannis Dimopoulos

The Phenotype
Affected Males

Males affected by choroideremia (CHM) experience progres-
sive choroidal and retinal degeneration, which results in clinical
symptoms of varying severity. The classical disease manifesta-
tions include decreased night vision in childhood and progres-
sive visual field constriction, starting in the first or second
decades of life. Visual acuity (VA) may be well preserved until
middle age or later, but blindness may occur in the eighth or
ninth decades of life (Aleman et al. 2017; Khan et al. 2016).

Carrier Females

Although carrier females are typically asymptomatic, they
may at times present with severe symptoms similar to those
of affected males. This may be due to lyonization or the ran-
dom X-chromosome inactivation in the female embryo that
results in silencing of the functional allele (Wuthisiri et al.
2013; Fahim and Daiger 2016). Curiously, the CHM gene in
humans has been shown to escape inactivation in some cell
lines from females and also demonstrate variable levels of
expression (Carrel and Willard 1999).

Diagnoses That Overlap Choroideremia
and Contiguous Gene Syndromes

Several diseases may present with findings similar to CHM
including retinitis pigmentosa (RP), gyrate atrophy, and
Usher syndrome. RP is a group of disorders that presents
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with autosomal dominant, recessive, and X-linked patterns
of inheritance. Similar to CHM patients, RP patients may
present with preserved central visual acuity, constricted
visual fields, and nyctalopia. Fundus examination of these
patients may reveal extensive pigment clumping, arteriolar
narrowing, vitreous cells, and optic nerve pallor, all of which
are not typical of CHM (Lee et al. 2003).

Gyrate atrophy has an autosomal recessive pattern of
inheritance and bears a similar presentation to CHM: visual
field constriction, progressive visual loss, and chorioretinal
atrophy in the midperipheral fundus (Kim et al. 2013).
Gyrate atrophy results from mutations in the OAT gene
encoding ornithine amino transferase, which leads to toxic
levels of plasma ornithine; as such, the diagnosis of gyrate
atrophy can be confirmed by demonstrating increased serum
or plasma concentrations of ornithine (MacDonald et al.
1993). Clinically, gyrate atrophy can be distinguished from
CHM by the presence of hyperpigmentation of remaining
RPE and the lobular loss of the RPE and choroid.

Usher syndrome is a group of genetic conditions involv-
ing both congenital hearing loss and adolescent-onset
RP. Fundus exam may detect chorioretinal degeneration in
the mid-periphery (Lee et al. 2003). Although the majority of
CHM cases are non-syndromic, contiguous gene mutations
that include Xq21 may rarely cause syndromic cases of
CHM. For instance, a large mutation spanning Xq21.2, and
the adjacent POU3F4 and ZNF711 genes may resultin CHM
accompanied by hearing loss and intellectual impairment
(Simunovic et al. 2016). Recessive mutations in RPE6S5 may
also give a similar appearance to CHM; the onset of visual
impairment in these cases occurs much earlier than CHM
(Hull et al. 2016; Zhu et al. 2017).

Diagnostic and Research Testing
Typical diagnostic testing includes visual acuity measures,

visual field testing, dilated funduscopy, electroretinography
(ERG), optical coherence tomography (OCT), and fundus
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autofluorescence imaging (FAF). Additional information
may be gleaned from tests typically generally performed in a
research setting, such as optical coherence tomography angi-
ography (OCTA), adaptive optics—scanning laser ophthal-
moscopy (AO-SLO), and microperimetry testing.

Visual Acuity

In a cross-sectional study of 115 CHM patients, 84% of
patients younger than 60 years of age had a VA of 20/40 or
better, 33% of patients older than 60 years had a VA of
20/200 or worse, while VA of counting fingers or worse did
not occur until the seventh decade of life (Roberts et al.
2002). The best corrected visual acuity (BCVA) in CHM
patients decreases symmetrically between both eyes and
declines most rapidly when the degeneration encroaches on
the central retina (Seitz et al. 2015). The 5-year rate of
change for visual acuity in CHM patients is equivalent to
reading one less line on the Lighthouse chart (Roberts et al.
2002). In contrast, visual acuity in carrier females is usually
unaffected (Thobani et al. 2010; Wuthisiri et al. 2013; Ma
et al. 2017). While changes in visual acuity are well charac-
terized, they are not typically diagnostic; other abnormalities
as outlined below can often be detected much earlier.

Visual Field

Males with CHM start experiencing visual field loss in the
first or second decades of life, leading to tunnel vision with
as little as 5-10° of remaining central area and eventually
progressing to blindness (Pameyer et al. 1960). In contrast,

visual fields in carrier females are often normal but cases of
scotomas, an enlarging blind spot, and mild to moderate
restrictions to the visual fields have been reported (Thobani
et al. 2010; Wuthisiri et al. 2013).

Fundus Exam

The earliest changes observed on fundus photography in the
affected males are widespread pigmentary disturbances at the
level of the retinal pigment epithelium (RPE), especially in the
mid-peripheral retina, between the major vascular arcades and
the equator (Fig. 8.1a) (Khan et al. 2016). These areas of pig-
mentary change eventually progress to diffuse areas of chorio-
retinal atrophy (Fig. 8.1b). RPE mottling can also involve the
macula early on (Lee et al. 2003). In carrier females, the clini-
cian may appreciate areas of mid-peripheral depigmentation,
RPE clumping, and patchy peripheral pigmentary changes
also described as “moth-eaten” in appearance (Thobani et al.
2010; Wuthisiri et al. 2013; Wu et al. 2018) (Fig. 8.2).

Electrophysiology

The ERG is an objective and highly sensitive assessment of
cone and rod function, based on corneal electrode recording
of retinal responses to standardized flashes of light. In
affected males, the ERG may initially show a pattern of rod-
cone dysfunction and over-time, the ERG may not be record-
able to all stimuli, consistent with the underlying pathology
of progressive retinal degeneration (Wuthisiri et al. 2013). In
contrast to affected males, the ERG findings are abnormal in
only 15% of CHM carriers (Thobani et al. 2010).

Fig. 8.1 Fundus photograph of the right eye of a non-Caucasian male with choroideremia (a) and left eye of a Caucasian male (b)
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Optical Coherent Tomography

The OCT uses infrared light for noninvasive imaging of ocu-
lar structures. In affected males, the earliest abnormalities
revealed by OCT imaging (Fig. 8.3) are loss of the photore-
ceptor outer segment (POS) and the ellipsoid zone (EZ)
(Aleman et al. 2017). There may be a decrease in the central
choroidal thickness (Fig. 8.3) with advancing age (Khan
et al. 2016). The subfoveal retinal thickness may increase
above normal in younger individuals and subsequently
decline below normal with increasing age (Duncan et al.
2002). Intraretinal edema and outer retinal tubulations
(Fig. 8.4) may be seen at transition zones between healthy
and atrophic tissues (Khan et al. 2016). The migration of the
transition zones centripetally with age has been reported to
coincide with a decline in VA (Aleman et al. 2017).

Additionally, cystic macular edema (CME) has been reported
to occur in at least one eye in 62.5% CHM patients (Genead
and Fishman 2011). In carrier females, the OCT may show
abnormalities in the RPE integrity primarily outside the mac-
ular region (Thobani et al. 2010). Abnormalities in the ellip-
soid zone have also been reported (Ma et al. 2017).

Fundus Autofluorescence

FAF stimulates emission of light from lipofuscin in metaboli-
cally active RPE, thus facilitating objective mapping of viable
retinal pigmented epithelium (RPE). In affected males, there
may be a reduction in retained macular autofluorescence
(Fig. 8.5), with the more severely affected eye progressing at
a slower rate than the fellow eye (Khan et al. 2016).

Fig. 8.2 Fundus autofluorescence images of the right eye (a) and left eye (b) of a female choroideremia carrier demonstrating scattered areas of

decreased autoflouresence

Fig. 8.3 Spectral domain OCT imaging revealing the boundary loss of ellipsoid zone (blue arrow) and loss of photoreceptors (yellow arrow)
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Fig. 8.4 Spectral domain OCT imaging. Arrows indicate retinal tubulations

Fig. 8.5 Irregular area of retained fundus autofluorescence

Others, however, showed symmetry in the rate of change on
FAF imaging between both eyes (Seitz et al. 2015). Although
there are no FAF patterns that confirm the carrier state, FAF
can be used to differentiate CHM from RP and ocular albi-
nism (OA) carrier states (Wuthisiri et al. 2013). In CHM car-
rier state, the clinician may expect to see a “speckled” pattern
of hypo- or hyperfluorescence areas on FAF (Fig. 8.2), in con-
trast to the “radially oriented line” pattern of hypo- and hyper-
fluorescence in carriers of RP or OA (Wu et al. 2018).

Optical Coherent Tomography: Angiography

The exact role of the choroid in CHM pathogenesis
remains unclear. Several lines of evidence suggest a strong
correlation between neuroretinal thinning on OCT and
choriocapillaris loss on fluorescein angiography (Affortit-

Demoge et al. 2009). Subfoveal choroidal thickness can
also serve as a prognostic indicator of visual acuity
(Abbouda et al. 2017). More recently, newer technologies
such as OCT-angiography (OCT-A) have been utilized to
better characterize the natural history of choroid degen-
eration relative to its overlying layers. OCT-A distin-
guishes between moving and stationary structures by
analyzing changes in contrast in repeated high-speed OCT
scans (Schachat 2018). Recent studies suggest that degen-
eration of the choriocapillaris appears to generally follow
that of the RPE/photoreceptor complex (Jain et al. 2016;
Kato et al. 2017). In carriers, there are no obvious abnor-
malities (Ma et al. 2017).

AO-SLO and Microperimetry

In vivo markers of photoreceptor structure can be extremely
useful to determine subclinical disease progression and eval-
uate the safety and efficacy of experimental therapies for
CHM. Adaptive optics combined with scanning laser oph-
thalmoscopy (AOSLO) is an emerging technology used to
visualize the cone cell mosaic and density at the “single-cell”
level (Roorda 2010). AOSLO has provided evidence of cone
density loss in choroideremia that is independent of age and
present even at early disease stages with no macular involve-
ment (Nabholz et al. 2016). These findings have important
implications from a clinical standpoint as both cones and
rods appear to be targeted by experimental therapies
(Dimopoulos et al. 2015; Nabholz et al. 2016).
Fundus-driven perimetry (microperimetry) has gradually
replaced conventional perimetry in choroideremia research,
emerging as a principal outcome measure for clinical trials.
The main advantage of its adaptation is the eye tracking and
continuous fundus projection technology it employs,
allowing for higher accuracy and reliability in sensitivity
measures (Acton and Greenstein 2013). In addition, it can be
used to correlate functional measures with underlying ana-
tomical structures. In a study of 10 CHM carriers, 50% of
study subjects showed focal areas of threshold abnormalities
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on microperimetry (Thobani et al. 2010). Microperimetry
could theoretically detect disease progression earlier than
conventional perimetry; however, recent studies reveal com-
parable test-retest variability (Dimopoulos et al. 2016).

Etiology and Pathogenesis

Choroideremia is a monogenic disorder caused by mutations
in the CHM gene (OMIM: 300390) that spans over 150 kb of
Xqg21.2 on the long arm of the X chromosome (Cremers
et al. 1990). Fifteen exons are transcribed to produce a 3642
base pair mRNA which encodes the 653 amino acid Rab
escort protein 1 (REP1) (van Bokhoven et al. 1994). REP1
plays a critical role in the processes of intracellular vesicle
trafficking through its interaction with Rab geranylgeranyl
transferase in a complex that serves to transfer lipid groups
onto small GTPases known as Ras-associated binding pro-
teins (Rabs) (Seabra et al. 1993). REP-2, a homologue
encoded by the retrogene CHML (CHM-like), functions sim-
ilarly and appears to compensate for the absence of REP-1 in
all tissues except the eye (Cremers et al. 1994). A total loss
of REP activity is presumed to be lethal in humans (van den
Hurk et al. 1997). CHM mRNA and the REP1 protein are
both broadly expressed across different tissues and cell types
throughout the body and choroideremia’s presentation as an
isolated ophthalmic disease is therefore not the result of the
protein’s activity that is specific to the light sensing function
of the eye (Bernstein and Wong 1998; Keiser et al. 2005).
Conversely, it is the functionality of Rabs, which number
over 70 and are involved in multiple processes including
vesicle formation, tethering, motility, fusion, recycling, and
signaling, and whose activity is predicated on their activation
by REPs, that determine which type of tissue will be affected
(Corbeel and Freson 2008). A lack of systemic symptoms
does not result from tissue- or cell-specific expression of
REP-1, but rather from the differing affinities of the two
escort proteins for their Rab targets, which themselves are
varyingly expressed across cells or tissues. Investigators
have suggested Rab27a, Rab27b, and Rab38 as possible
major contributors to choroideremia; these molecules func-
tion in melanosome transport within the retinal pigment epi-
thelium (RPE) and possess a low affinity for REP-2 (Kohnke
et al. 2013; Seabra et al. 1995).

The mutation spectrum of this monogenic disorder is
characterized by loss-of-function changes in CHM that abro-
gate REP1 activity (McTaggart et al. 2002; Simunovic et al.
2016). The LOVD Retinal and Hearing Impairment Genetic
Mutation Database (https://grenada.lumc.nl/LOVD2/Usher_
montpellier/home.php) reports nearly 300 disease-causing
variants, dominated by transitions and transversions leading
to protein truncation, splice defects, indels, and large dele-
tions ranging from a single exon to the full gene (Fokkema

et al. 2011). Missense mutations altering REP1 structure or
function (Esposito et al. 2011; Sergeev et al. 2009), promoter
defects (Radziwon et al. 2017), transposon insertions (Van
Den Hurk et al. 2003), partial gene duplications (Chi et al.
2013), deep intronic variant causing cryptic splicing (Carss
et al. 2017), and other variations are infrequently found.
There is no evidence suggesting that any correlation between
genotype and phenotype exists: visual acuity, onset and pro-
gression of symptoms, and visual field were found to be
unrelated to mutation type (Freund et al. 2016; Simunovic
etal. 2016). Large deletions extending beyond CHM and into
neighboring genes POU3F4 and ZNF711 have, however,
been linked to a syndromic presentation that includes deaf-
ness and developmental delay typical of a contiguous gene
syndrome (lossa et al. 2015; Tarpey et al. 2009).

While a clinical evaluation made by an ophthalmologist
with expertise in inherited retinal disease bears a high likeli-
hood of accuracy, molecular confirmation is nevertheless the
most direct method of diagnosis. Sanger sequencing of exons
and intron/exon junctions together with deletion and dupli-
cation analysis has been shown to uncover the causative
mutation in a large majority of cases (Simunovic et al. 2016).
Most disease-causing variants are truncating mutations or
frameshifts and can be presumed to be pathogenic based on
genotype alone, but analysis of protein or mRNA derived
from the patient may be required with variants of unknown
significance, or when no mutation is found (Furgoch et al.
2014). Molecular genotyping brings the additional advan-
tage of establishing carrier status in females who may pres-
ent with a subtle phenotype, difficult to determine
conclusively, especially early in children before symptoms
are present, and qualify for interventions such as gene ther-
apy trials currently underway. The increasing availability
and affordability of next-generation sequencing, disease
panels, and other high-throughput techniques may eventu-
ally replace this candidate gene approach based on presenta-
tion and a “best guess” by the clinician. These methods may
also more readily differentiate choroideremia phenocopies
such as some cases of retinitis pigmentosa or a rare form of
dominant RPE65 disease (Hull et al. 2016; Zhu et al. 2017).

Choroideremia is characterized by progressive degenera-
tion of the retinal pigment epithelium (RPE), photoreceptors,
and choroid that begins at an early age. Despite several
decades of active research and an understanding of the abnor-
malities underlying CHM, the pathology and pathogenesis of
the disease have not been fully revealed. Whether a specific
cell type or tissue is the initial site of degeneration that leads
to secondary loss of a dependent layer or whether several tar-
gets degenerate simultaneously remains unknown. Mouse
models appear to indicate that a deficiency of REP1 causes
cell-autonomous and intrinsic problems in photoreceptors
and the RPE and that both can be considered the leading and
principal sites of disease (Tolmachova et al. 2006, 2010).
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Spectral-domain optical coherence tomography (SD-OCT)
also points to early structural thinning of the RPE, anomalies
in the photoreceptor interdigitation zone band, suggesting
loss of outer segments and loss of the ellipsoid zone as pri-
mary events, but the precise sequence of morphological
changes remains unknown (Aleman et al. 2017; Sun et al.
2016). Though promising gene therapy trials investigating
delivery of the CHM gene product through subfoveal injec-
tion are currently underway (MacLaren et al. 2014), at pres-
ent, no proven treatment exists to halt or abate the progressive
retinal degeneration that characterizes CHM.

Management
Medical Management

Given that one third of CHM mutations are premature stop
codons, novel pharmacotherapies are being tested that could
provide functional rescue of REP1 through translational
bypass. Ataluren (PTC124), a small molecule drug with this
mechanism of action, was recently tested on preclinical non-
sense mutation models of the disease: the chm™* zebrafish
and primary human CHM fibroblasts (Moosajee et al. 2016).
The onset of retinal degeneration was delayed, with partial
restoration of prenylation and repl protein expression.
Following the example of other genetic conditions (aniridia,
cystic fibrosis, muscular dystrophy), a clinical trial of this
drug for CHM could be possible in the future (Dimopoulos
et al. 2017).

Surgical Management

A common feature of many rod-cone dystrophies—includ-
ing CHM—is the development of posterior subcapsular cata-
ract (Heckenlively 1982). The prevalence though does not
seem to be higher in CHM than the general population.
Cataract surgery in CHM patients does not add any addi-
tional risk of intra- or postoperative complications (Edwards
et al. 2015). Similarly, full-thickness macular holes can
rarely develop in a small percentage of patient with end-
stage CHM. Surgical correction seems to be effective in
establishing anatomic closure (Zinkernagel et al. 2013).

Experimental Therapies (AAV-2-Mediated
Gene Therapy)

Following success of gene augmentation trials for Leber con-
genital amaurosis (LCA) (Pierce and Bennett 2015), choroi-
deremia became the second genetic ocular disorder to be
considered for gene therapy (Dimopoulos et al. 2015). The

first phase of human clinical trials enrolled primarily subjects
with advanced disease stages to establish safety of subfoveal
gene delivery in this group of patients. Currently, only adeno-
associated virus type 2 (AAV-2) vectors have been used that
carry a copy of the human REP1 cDNA (Barnard et al. 2014).
Initial 6-month results from the first trial conducted at the
University of Oxford suggested improvement in both rod and
cone function for two out of six treated subjects (MacLaren
et al. 2014). Long-term follow-up of these subjects showed
sustained visual acuity gain at 3.5 years (Edwards et al. 2016).
Although promising, the current published experience of
gene replacement in CHM still has limited information to
determine efficacy (Dimopoulos et al. 2017). Larger studies
will now focus on enrolling younger individuals to assess
preservation of both functional and structural outcomes.
Alternative vector and delivery methods are also under devel-
opment to avoid the consequences of delivering gene therapy
to the subretinal space (Duncan 2017).
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Malattia Leventinese

Veronika Vaclavik

Introduction

Malattia Leventinese (ML), also known as dominant radial dru-
sen (DRD) or Doyne honeycomb retinal dystrophy (DHRD)
(O’Neill 2009) or autosomal dominant drusen (ADD) is the first
histopathologically and clinically described maculopathy of
Mendelian inheritance. Malattia Leventinese (ML) was first
described in patients living in the Leventine Valley in canton
Ticino of southern Switzerland in 1925 (Vogt 1925). In the nine-
teenth century in England, Doyne reported Doyne honeycomb
retinal dystrophy (DRHD) (Doyne 1899). In four sisters, he
observed white deposits in a honeycomb pattern at the macula
and nasally to the disc. In his original report, he believed that
these white spots were exudates in the choroid and named the
disease “honeycomb choroiditis.” Many years later, Waardenburg
(1948) and Forni and Babel (1962) concluded, following histo-
pathological studies, that features of Leventinese disease might
be similar to those of Doyne honeycomb choroiditis.

Due to their phenotypic variability and previous histo-
pathological findings (Forni and Babel 1962), ML and
DHRD were considered separate entities until 1999, when a
missense mutation (Arg345Trp) in the gene EFEMP1 (EGF-
containing fibrillin-like extracellular matrix protein 1) was
discovered to be causative for both conditions, confirming
that ML and DHRD are the same disorder (Stone et al. 1999).

Although originally recognized in England and Switzerland,
families affected with autosomal radial drusen have been iden-
tified in Czechoslovakia (Dusek et al. 1982; Streicher and
Krcmery 1976) and the United States (Gass 2012).

Characteristic clinical findings consist of macular drusen:
large confluent, small radial, or a combination of both (Figs. 9.1
and 9.2). Drusen can spare the fovea and be present in perifo-
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Fig. 9.1 Family 1—Right fundus color of a 66-year-old female, with
macular soft drusen and juxta and peripapillary drusen. Scaring at the
fovea. Visual acuity: hand movement

Fig. 9.2 Family 2—Right fundus color of a 31-year-old male, with
macular soft drusen, small radial drusen, juxta and peripapillary drusen.
Visual acuity: 1.0

107

G. Cheung (ed.), Hereditary Chorioretinal Disorders, Retina Atlas, https://doi.org/10.1007/978-981-15-0414-3_9

°


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-0414-3_9&domain=pdf
mailto:veronika.vaclavik@fa2.ch

108

V. Vaclavik

Fig. 9.3 Family 3—Right fundus color of a 30-year-old female, with
some perifoveal soft drusen (mainly in the inferior part), 1 juxtapapil-
lary and several peripapillary drusen. Visual acuity: 1.25

veal and peripapillary area (Fig. 9.3). Juxtapupillary drusen are
present in most cases and can be isolated finding (Fig. 9.4e, f).

Clinical Features

The onset of symptoms is typically at the age of 30-50 years;
however, childhood cases with severe visual loss have also
been reported (Evans et al. 1997). Although both ML and
DHRD (or ADD) were reported to be autosomal dominant
with full penetrance (Evans et al. 1997; Piguet et al. 1995), a
case of non-penetrance in a 62-year-old mutation positive,
asymptomatic patient with normal fundus appearance have
been reported (Michaelides et al. 2006; Scarpatetti et al.
1978) illustrating the variability of disease phenotypic
expressivity.

Disease severity varies with the evidence of interocular,
intrafamilial (Fig. 9.4), and interfamilial variability (Fig. 9.5)
in visual loss and natural history. It has also been reported in
more recent reports of British, Japanese, Chinese, and Indian
pedigrees (Fu et al. 2007; Michaelides et al. 2006; Takeuchi
et al. 2010; Zhang et al. 2014).

Main clinical findings include early onset small radial
drusen and larger drusen at the posterior pole and also nasal

to the optic nerve head (Fig. 9.2). A distinct phenotypic fea-
ture with only juxtapapillary drusen as an isolated sign,
with normal macula (Fig. 9.4e, f) can be observed. The
small drusen display a pathognomonic radial distribution
converging toward the fovea (Gregory et al. 1996; Piguet
et al. 1995). In Doyne honeycomb retinal dystrophy, the
radial distribution of drusen was a rare finding (Evans et al.
1997; Pearce 1968) and was originally used to distinguish
Malattia Leventinese from Doyne honeycomb dystrophy.
Drusen can be first noticed in asymptomatic teenager or
young adult. They might remain few in numbers, with no
progression, the patient keeping his 1.0 vision until late 50s
(Figs. 9.6 and 9.7) or 60s (Figs. 9.5,9.8,and 9.9). Sometimes
they increase in number and size, some become soft and
round, confluent, and merge to form multiple solid plaques
displaying a honeycomb pattern at the level of Bruch’s
membrane (Evans et al. 1997; Forni and Babel 1962; Piguet
et al. 1995).

Early visual symptoms include reduced central vision,
photophobia, slow dark adaptation, paracentral scotomas,
and metamorphopsias (Gerber et al. 2003; Haimovici
et al. 2002; Michaelides et al. 2006). Color vision loss is a
later finding (Michaelides et al. 2006). Symptomatic
patients report very gradual deterioration over many years
(Fig. 9.10). Mild cases are characterized by normal visual
acuity and the presence of small, discrete drusen at the
macula; in some cases, the macula is normal and only
some drusen deposited at the optic disc margin are
observed (Michaelides et al. 2006; Zhang et al. 2014). In
the later stages of the disease and in severe cases, central
vision deteriorates and absolute scotomas can develop
predominantly as result of retinal pigment epithelium
atrophy or scaring (Fig. 9.11) (Evans et al. 1997; Héon
etal. 1996). Subretinal neovascular membrane can develop
but is a very uncommon complication (Michaelides et al.
2006; Sohn et al. 2011; Takeuchi et al. 2010; Zhang et al.
2014), which is sometimes associated with a subretinal
hemorrhage, as the presenting symptom of the disease
(Pager et al. 2001). The neovascular membrane, if present,
can lead to severe vision loss in younger patients, in their
30s to 40s (Querques et al. 2013; Sohn et al. 2011; Zech
et al. 1999; Zhang et al. 2014) and, rarely, can be bilateral
(Zhang et al. 2014). In some cases, hyperplasia of the reti-
nal pigment epithelium and subretinal fibrous metaplasia
can occur (Matsumoto and Traboulsi 2001; Zech et al.
1999)
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Fig. 9.4 Family 1—Affected mother (a, b) and two affected daughters
(c, d, e, f). (a) Fundus color RE of the 64-year-old mother showing
confluent macular and peripapillary drusen, some foveal scaring, and
juxtapapillary drusen. Visual acuity: hand movement. (b) RE fundus
autofluorescence, hypofluorescence corresponding to scaring and areas
of atrophy, hyperautofluorescence corresponding to confluent and iso-
lated drusen. (¢) Fundus color RE of 39-year-old daughter, confluent

drusen, and hyperpigmented area of fibrosis; juxta and peripapillary
drusen. Visual acuity 0.1. (d) FAF RE hypoautofluorescence corre-
sponding to central scar, hyperautofluorescence of drusen. (e) Fundus
color RE of 36-year-old sister: only some juxtapapillary drusen and a
few at the posterior pole. Her visual acuity 0.8; she is myopic (—10D).
(f) FAF RE of the same patient: hyperautofluorescence of juxtapapillary
drusen
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Fig. 9.5 Family 2—61-year-old father (a, b, ¢, d) and his affected
31-year-old son (c, d, e, f). (a, b) Fundus color right and left eye showing
confluent macular drusen some foveal scaring and juxtapapillary drusen;
visual acuity is 0.8 RE, 1.0 LE. (¢, d) FAF RE and LE hypofluorescence
corresponding to scaring and areas of atrophy, hyperautofluorescence cor-

responding to confluent drusen. (e, f) Fundus color LE and RE of the son,
showing confluent drusen and small radial drusen. Some hyperpigmented
areas. Numerous peri- and juxtapapillary drusen Visual acuity is 1.0 in
both eyes. (g, h) FAF RE and LE: some hypoautofluorescence corre-
sponding to beginning of central scar, hyperautofluorescence of drusen
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Fig. 9.6 Family 3—55-year-old mother. Fundus color showing few  Fig.9.7 Family 3—32-year-old daughter. Fundus color showing very
soft macular drusen not involving the fovea, some peripapillary drusen.  few macular drusen not involving the fovea, mainly in the inferior part
Visual acuity is 1.0 of the retina. Visual acuity is 1.0

Fig. 9.8 Family 2—father (Photo taken at when 56 years old) (see also Fig 9.5). Fundus color showing confluent macular drusen partly involving
the fovea. Juxtapapillary drusen. Corrected visual acuity is 1.0 in both eyes

Fig. 9.9 Family 2—Follow-up 5 years later of the same father (now  of drusen and corresponding atrophy. Very mild expansion of juxtapap-
61 years old—also Fig. 9.5). Fundus color showing the concentric illary drusen. The visual acuity dropped to 0.8 RE, remaining at 1.0 LE
expansion of confluent macular drusen. The arrow showing expansion
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Fig. 9.10 Family 4—3 years follow-up of 47 years old affected
patient from a large dominant pedigree. (a, b) Fundus color showing
foveal confluent macular drusen, as well as juxtapapillary drusen.
Visual acuity is 1.0 bilaterally, but the patient was complaining of
metamorphopsias in the RE. A neovascular membrane was suspected
at that time. (¢, d) FAF showing some hyperfluorescent drusen at the

H

fovea RE, and perifoveal drusen LE. (e, f) Fundus color of same patient
3 years later, very comparable to the previous one. Visual acuity is 1.0
bilaterally, and persistent complaint of metamorphopsia. (g, h) FAF of
same patient, 3 years later, confirming mild progression: some new
hyperfluorescent dots (drusen) or existing hyperfluorescent dots
becoming larger
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Fig. 9.11 Family 5—56-year-old affected female from a large pedi-
gree. (a, b) Fundus color showing the large area of subretinal fibrous
metaplasia and atrophy and the macula and peripapillary area. (¢, d)
FAF showing large hypofluorescent area with hyperautofluorescent
dots and ring surrounding the hypofluorescent zone. (e, f) The spectral

domain OCT showing diffuse subretinal deposits of hyperreflective
material, appearing as several focal dome-shaped elevations, at the peri-
foveal areas. At the subfoveal areas, there is a diffuse thickening corre-
sponding very likely to fibrous metaplasia. Visual acuity is 0.3 in the
right eye and 0.6 in the left
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Paraclinic Testing and Their Use in Malattia
Leventinese

Autofluorescence imaging allows the visualization of the
complex RPE/photoreceptor outer segment health by taking
advantage of the fluorescent properties of lipofuscin (von
Riickmann et al. 1995). The increased AF associated with
drusen in monogenic macular dystrophies has been reported
(von Riickmann et al. 1998). In recent report in patients with
a confirmed fibulin-3 mutation status, all increased foci of
AF correlated to drusen, but some drusen displayed reduced
or absent AF. Querques et al. (2013) observed increased and
intense AF only in large drusen, but not in small, radial dru-
sen. However the main highlight of autofluorescence imag-
ing was to detect hyperfluorescent dots at the optic disc
margin, confirming peripapillary drusen, which were not
obvious on routine fundus examination (Michaelides et al.
2006; Zhang et al. 2014).

Time-domain and spectral domain optical coherence
tomography (OCT) have provided insight into structural reti-
nal changes in patients with autosomal dominant drusen due
to EFEMP1 mutation. A remarkable preservation of the neu-
rosensory retina was observed, both in perimacular and in
foveal areas (Souied et al. 2006). Later reports, using a SD
OCT, provided a better understanding of the two types of
drusen: large round drusen appeared as diffuse or focal depo-
sition of hyperreflective material underneath the RPE—
determining a diffuse RPE elevation or a focal dome-shaped
elevation. The small drusen, described as located above the
RPE, had a saw-tooth elevation appearance (Querques et al.
2013; Zweifel et al. 2012). The preservation of intact inner
retina and preserved junction OS/IS being noted over small
drusen, while the IS/OS junction was disrupted over large
drusen (Querques et al. 2013).

To assess morphological and functional differences
between the two types of drusen is given by reports of fluo-
rescein angiography (FA) and indocyanine green angiogra-
phy (ICG) features in Malattia Leventinese. On both FA and
ICG, large round drusen are hypofluorescent in early phases,
and turn into hyperfluorescent in late phase, of ICG frames.
The small drusen hyperfluorescence in early phase and
decrease their fluorescence toward the later phase (Guigui
et al. 2011; Querques et al. 2013). Therefore, while small
drusen share similitudes with cuticular drusen (Querques
etal. 2011), the large drusen behave at FA and ICG more like
age-related macular degeneration drusen with a late hyper-
fluorescence (Arnold et al. 1997).

Additional insight into detecting neovascular membrane
in ML patient was recently described, using optical coher-
ence tomography angiography, not otherwise detectable with
traditional imaging (Corbelli et al. 2016; Serra et al. 2017)

Full-field ERGs, EOG, and multifocal ERG data are avail-
able. The full-field ERG showed normal rod b-wave responses,

normal standard combined (mixed rod plus cone) response
and reduced 30-Hz flicker responses in both eyes in a 42-year-
old patient from the Japanese pedigree (Takeuchi et al. 2010).
Similar findings were described by a British group (Haimovici
et al. 2002) who found that the scotopic sensitivity was
reduced and dark adaptation kinetics were prolonged over the
macular deposits only, but were normal elsewhere in patients
affected by Malattia Leventinese. A Swiss group (Gerber
et al. 2003) described “low-normal” amplitudes of the b-wave
of rod and cone response, suggesting discrete but widespread
functional abnormalities, while the b-wave amplitudes were
subnormal in more advance cases.

Molecular Genetics: Mapping

The first investigation was performed on five families (large
American kindred with two affected branches and three kin-
dreds from the Leventinese valley) with the ML phenotype
with a total of 56 affected patients. They demonstrated link-
age of ML to chromosome 2p. The maximum two-point lod
score observed in all families combined was 10.5 and was
obtained with the marker D2S378. To narrow the genetic
interval containing the ML/DHRD gene, 63 members from a
large nine generation DHRD British pedigree, originally
described by O’Neill (2009) and Pearce (1968) were assessed
for molecular genetic linkage study (Gregory et al. 1996).
Two-point analysis showed a significant linkage of the
DHRD to nine markers on the short arm of chromosome 2, a
region overlapping the one recently reported to be linked to
ML. A maximum lod score of 7.29 was obtained at marker
locus D2S2251. A combination of positional and candidate
gene methods in 39 families from Switzerland, the USA, and
Australia helped identifying a single non-conservative
Arginine 345 to Tryptophan mutation (Arg345Trp) in the
gene EFEMPI (EGF-containing fibrillin-like extracellular
matrix protein 1) coding for fibulin-3 in all families studied,
inclusive of both phenotypes, ML and DHRD. In this origi-
nal study, the authors found that among all families studied,
there was a complete sharing of alleles of intragenic EFEMP1
polymorphisms (SNPs). The same haplotype, and the
absence of de novo R345W mutation in different ethnicities
was highly suggestive that the R345W mutation occurred
only once in a common ancestor of every affected patient
(Stone et al. 1999). This study also confirmed that ML and
DHRD are the same disorder.

Several years later, a genetic study revealed a novel dis-
ease haplotype with R345W mutation in an Indian pedigree,
suggesting an independent origin (Fu et al. 2007). A novel,
different haplotype with the R345W mutation was identified
in a Japanese pedigree (Takeuchi et al. 2010), suggesting that
the disease might have occurred independently in a common
Japanese founder.
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Hypothesis on R345W Fibulin-3 Function
and Histopathological Studies

A single mutation (R345W) in the gene EFEMP]1 (fibu-
lin-3) is responsible for all the ML cases reported to date
(Stone et al. 1999). EFEMPI gene consists of 12 exons
and spans approximately 60 kb of genomic DNA
(Blackburn et al. 2003). The fibulin-3 is a basement mem-
brane glycoprotein, broadly expressed throughout the
body (Kobayashi et al. 2007; Marmorstein et al. 2002). It
is one of seven highly conserved members of the fibulin
family of extracellular matrix (ECM) proteins (Zhang and
Marmorstein 2010).

A normal fibulin-3 interacts with several other proteins: a
basement membrane protein (extracellular matrix protein-1),
tissue inhibitor of metalloproteinase-3 (TIMP-3), collagen
XVIII/endostatin, hepatitis B virus-encoded X antigen and
elastin monomer tropoelastin. These interactions likely con-
tribute to the integrity of basement membrane zone. Fibulin-3
colocalizes with fine elastic fibers and is involved in the for-
mation of the extracellular matrix (Zhang and Marmorstein
2010).

The R345W mutation does not seem to impair fibu-
lin-3’s but rather renders the protein resistant do degra-
dation (Marmorstein et al. 2002). In both ML and AMD
eyes, fibulin-3 accumulates along drusen or other basal
deposits (Zhang and Marmorstein 2010). In recent
report it has been suggested that fibulin-3 is a central
player in the development of basal laminar deposit and
deletion of EFEMP]I in mouse eyes is protective against
the development of basal laminar deposits (Stanton
et al. 2017).

Immunohistochemistry analysis, using monoclonal and
polyclonal antibodies, of seven human donor eyes showed
that, in normal retina, fibulin-3 is predominantly present in
photoreceptor inner and outer segment regions and the
nerve fiber layer, but not in the RPE, Bruch’s membrane or
choroid (Marmorstein et al. 2002). In a donor eye from an
86-year-old Malattia Leventinese patient carrying a homo-
zygote R345W mutation, fibulin-3 was found to accumu-
late beneath the RPE, overlying drusen and in Bruch’s
membrane, in addition to its presence in the interphotore-
ceptor matrix and the nerve fiber layer (Marmorstein et al.
2002).

A recent morphologic and histochemical analysis of dru-
sen in a Malattia Leventinese donor and seven age-related
macular degeneration (AMD) donors showed that drusen
from both diseases shared many major constituents. However,
drusen from the ML donor had a unique onion-skin-like lam-
ination and possessed collagen type IV, which was absent in
age-related drusen (Sohn et al. 2015).

Clinical Management/Treatment

As for many genetic retinal diseases, there is no specific
treatment. However, ML has a close phenotypic similarity to
AMD, where laser photocoagulation has been shown to lead
to drusen reabsorption and has been tried as prophylactic
treatment (Cleasby et al. 1979; Gass 1973; Gross-Jendroska
et al. 1998; Wetzig 1994). A meta-analysis of nine random-
ized controlled trials of laser treatment of AMD drusen con-
firmed that laser photocoagulation leads to drusen
disappearance, but no evidence was found that it reduces
vision loss, the risk of developing CNV or geographic atro-
phy (Parodi et al. 2009). A recent study assessed the efficacy
of laser photocoagulation as therapeutic approach for patients
with ML and showed encouraging results. One eye of 11
patients with genetically confirmed Malattia Leventinese
was treated, and those treated eyes gained an average of 4.9
letters, while untreated eyes lost an average of 0.8 letters,
over a 12 months period of the study. Some patients showed
a significant improvement in retinal sensitivity in treated
eyes. The mean drusen thickness increased in untreated eyes,
but not in the treated eyes (Lenassi et al. 2013).

In later stages of the disease, subretinal neovascular mem-
brane can occur and lead to severe vision loss (Michaelides
et al. 2006; Sohn et al. 2011; Takeuchi et al. 2010; Zhang
et al. 2014). Because of phenotypic similarities to the CNV
in age-related macular degeneration, some reports deter-
mined the effects of anti-VEGF (bevacizumab) intravitreal
injections in two patients with ML. In both patients, the
treatment leads to resolution of intraretinal fluid and improve-
ment in visual acuity (Sohn et al. 2011).
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Introduction

Bietti’s crystalline dystrophy (BCD, MIM 210370), an auto-
somal recessive retinal degeneration, most commonly
affects the Asian population, especially Japanese and
Chinese people (Kaiser-Kupfer et al. 1994; Hu 1983; Lin
et al. 2005). BCD causes progressive nyctalopia and visual
field loss from the second to fourth decade of life and is usu-
ally followed by severe visual loss in the fifth to sixth decade
of life (Kaiser-Kupfer et al. 1994). Also known as Bietti’s
crystalline corneoretinal dystrophy, BCD was first described
by an Italian ophthalmologist Bietti in 1937 (Bietti 1937).
Bietti reported three cases with crystalline deposits in the
retina and sparkling yellow-white spots in the limbal cor-
nea. Those patients were subsequently followed by Bagolini
and Ioli-Spada (Bagolini and Ioli-Spada 1968). The disease
was initially defined as Bietti tapetoretinal degeneration
with marginal corneal dystrophy and was categorized as a
crystalline retinopathy in 1977 by Welch (Welch 1977). A
mutated gene located on 4q35, CYP4V2, was identified in
2004 (Li et al. 2004), and since then, more than 50 studies
have reported several novel mutations on this locus.
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Genetics and Pathogenesis

BCD, a genetic disorder with an autosomal recessive
inheritance (Jiao et al. 2000; Li et al. 2004), appears to be
associated with abnormal lipid metabolism (Lee et al.
2001). Approximately half of patients with BCD carry
compound heterozygous mutations (Xiao et al. 2011). The
mutated CYP4V2 gene, which can be expressed on human
retina and retinal pigment epithelium (RPE) (Li et al.
2004), are related to the pathogenesis of BCD. Although
there is yet an incomplete understanding of the pathogen-
esis, it is believed that impaired binding, elongation, or
desaturation of fatty acid are the causes for this disease
(Lee et al. 2001).

Impairment of fatty acid metabolism has been found to
play an important role in BCD (Lee et al. 2001), and it also
has a systemic influence in the human body (Wilson et al.
1989). Histopathologic studies showed panchorioretinal
atrophy with complex lipid inclusions in choroidal fibro-
blasts (Kaiser-Kupfer et al. 1994). It is possible that this is
the cause of progressive atrophy of the choriocapillaris and
RPE layer, which then affects the visual presentation in BCD
(Halford et al. 2014). Lower than normal conversion of fatty
acid precursors into n-3 polyunsaturated fatty acid has been
found (Lee et al. 2001). This characteristic was caused by a
dysfunction of microsomal omega hydroxylase, which
degrades lipids with mitochondrial and peroxisomal beta-
oxidation enzymes, and the protein is encoded by the
CYP4V2 gene in the human body (Nakano et al. 2009; Kelly
et al. 2011). Hence, mutation of CYP4V2 is liable in this
metabolic pathway.

CYP4V2 gene, which belongs to the cytochrome P450
gene family, is an 11-exon sequence and produces a 525-
amino acid protein through protein synthesis. CYP4V2 gene
is a distinct gene in the CYP4 family, because it only shares
35% of its sequence with other members in the family (Kelly
et al. 2011). In BCD, the mutations of CYP4V2 gene include
missense and nonsense mutations, which were reported to be
more prevalent in the Asian population (Xiao et al. 2011; Lai
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et al. 2007). According to one study, the prevalence was
reported as 0.5-0.6% in the Chinese population (Hu 1983),
which may be the reason for more cases reported from
patients with Asian descent (Lai et al. 2007; Gekka et al.
2005; Jin et al. 2006; Lin et al. 2005; Shan et al. 2005; Wada
et al. 2005; Yokoi et al. 2010; Xiao et al. 2011). After the first
identification of CYP4V2 gene mutation in BCD, more novel
mutations associated with CYP4V2 gene have been reported
(Wada et al. 2005; Lin et al. 2005; Lee et al. 2005; Shan et al.
2005), and the severity of the disease is positively correlated
with the number of mutations a patient has (Halford et al.
2014). Some genotypes related to more severe phenotypes
were also identified (Ng et al. 2016). Age did not affect the
severity of the disease even though BCD is believed to be a
progressive disease (Lee et al. 2005). Embracing characteris-
tics of metabolic disorders, environmental factors such as
person’s diet and lifestyle have been proved to affect the dis-
ease presentation (Lee et al. 2005). However, the specific
correlation between its genotype and phenotype has not yet
been clearly defined.

Clinical Features

Bietti’s crystalline dystrophy has a clinical picture of numer-
ous crystal deposits in the fundus. The most common lesion
site is on or in the RPE-Bruch’s membrane complex
(Halford et al. 2014). Although corneal limbal crystals were
found in the first few cases, it was not commonly reported in
the following cases (Hayasaka and Okuyama 1984; Kaiser-
Kupfer et al. 1994; Grizzard et al. 1978). Yuzawa et al. noted
that corneal deposits may only be observed in the advanced
stage, meaning that corneal crystalline deposits are not
required for a diagnosis of BCD (Yuzawa et al. 1986).
Halford et al. found that atrophy of RPE and Bruch’s mem-
brane was associated with the disappearance of the crystal
deposits (Halford et al. 2014). The degeneration of the ret-
ina and sclerosis of the choroidal vessels may ultimately
result in progressive visual disturbance (Lee et al. 2001),
and the severity is positively correlated with the thinning of
the retina (Lai et al. 2007).

The presenting symptoms and disease progression of
BCD vary in individuals despite being similar in age
and having similar gene mutations (Lee et al. 2005; Lin
et al. 2005; Xiao et al. 2011). In most cases, patients
presenting with visual problems are between the sec-
ond and third decade of life, and the most common
symptoms are decreased visual acuity, constriction of
visual field, and nyctalopia (Lee et al. 2005). Following
progressive atrophy and degeneration of RPE and cho-
roidal vessels, patients experience profound visual
impairment and become legally blind during the late

stages. However, considerable variation in disease pre-
sentation and progression has been reported (Ng et al.
2016).

Color Fundus and Optos Images

The classic feature of color fundus images in BCD is retinal
crystalline deposits. At an advanced stage, the crystals
decrease and even disappear, and diffused RPE dystrophy and
sclerotic choroidal vessels are seen (Figs. 10.1, 10.2, 10.3,
10.4, 10.5, 10.6, 10.7, and 10.8). Newly developed Optos
images can offer a wider view of the retina, although the crys-
tals may be more ambiguous (Figs. 10.2, 10.5, and 10.9).

Fundus Autofluorescence (FAF)

As FAF becomes more commonly used in fundus examina-
tions, its role in the diagnosis of BCD has become even more
important. Hypo-AF is representative of RPE cell loss, and
its feature corresponds to defect lesions in optical coherence
tomography (OCT) (Halford et al. 2014) (Figs. 10.2, 10.3,
10.6, 10.7, 10.8, and 10.9). FAF can also be used for detect-
ing disease progression (Figs. 10.7 and 10.8). However, crys-
tals in BCD cannot be found in FAF, since the crystals are
suspected as collections of cholesterol esters (Wilson et al.
1989).

Near-Infrared (NIR) Imaging

Using NIR imaging, crystalline deposits and sclerotic cho-
roidal vessels can be identified, and lesions found in other
examinations can be coinvestigated (Figs. 10.3, 10.8, and
10.10). Although sclerotic choroidal vessels are rarely dis-
cussed in NIR imaging, it was found in the first three cases
identified by Bietti (Bietti 1937).

Fluorescein Angiography (FA) and Indocyanine
Green Angiography (ICGA)

Since RPE is the major disease site in BCD, changes in FA
can be detected early in the disease (Wilson et al. 1989;
Kaiser-Kupfer et al. 1994); these are observed as hyperfluo-
rescent window defects (Fong et al. 2009) (Fig. 10.5). The
hypofluorescent area can be seen in FA at the late stage of the
disease (Fig. 10.8), and the area enlarges progressively in
later stages. Yuzawa divides BCD into three stages based on
clinical findings (Table 10.1) (Yuzawa et al. 1986). For
ICGA, the lobular pattern of hypofluorescent lesions in the
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Fig. 10.1 Fundus features of BCD include multiple crystalline deposits in the initial stage (a, b, ¢). In the advanced stage, RPE dystrophy, disap-
pearance of crystals, and sclerotic choroidal vessels may appear (d)
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Fig. 10.1 (continued)

Fig. 10.2 A 57-year-old female with BCD has suffered from blurred — and sclerotic choroidal vessels. (b) RPE dystrophy and sclerotic choroi-
vision that has progressively worsened for more than 20 years. (a) Her  dal vessels were also obvious in Optos images. (¢) FAF revealed lobular
color fundus image showed RPE dystrophy, disappearance of crystals, —hypo-AF patches
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Fig. 10.2 (continued)

Fig. 10.3 A 35-year-old male with BCD has had blurred vision that  (¢) Crystalline deposits could be identified in NIR images. (d) OCT
has progressively worsened for many years. (a) His fundus image showed hyperreflective spots in all retinal layers and outer retinal tubu-
showed crystalline deposits. (b) FAF revealed many hypo-AF patches. lations (arrowhead)
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Fig. 10.3 (continued)

late phases has been described (Mataftsi et al. 2004), and the
lesions are thought to be areas of choriocapillaris nonperfu-
sion (Fong et al. 2009) (Fig. 10.5). In addition, FA can
facilitate the localization of any vascular leakage, such as
choroidal neovascularization (CNV) (Fuerst et al. 2016)
(Fig. 10.11).

Electroretinogram (ERG)

Various features of ERG in BCD have been reported, includ-
ing reduced amplitude, scotopic ERG, photopic ERG, and
nonrecordable ERG (Lai et al. 2007; Wilson et al. 1989; Usui
et al. 2001; Yanagi et al. 2004). The variation of ERG pattern
is related to the different stage of the disease, so the relative
preserved rod and cone response in ERG cannot exclude the
diagnosis of BCD. The progression of ERG can sometimes
be seen in BCD (Fig. 10.4).

Optical Coherence Tomography (OCT)

OCT enables the evaluation of the location of retinal crys-
tals, which appear as hyperreflective spots. Hyperreflective
spots have been found not only in RPE-Bruch’s membrane
but also throughout the neurosensory retina and choroid (Li
et al. 2004; Rossi et al. 2013; Toto et al. 2013) (Figs. 10.3,
10.7, 10.8, 10.10, and 10.11). As the disease progresses, the
RPE-Bruch’s membrane complex starts to thin and the crys-
tals start to disappear (Figs. 10.5 and 10.7). Meanwhile,
OCT also shows the loss of the ellipsoid zone and the exter-
nal limiting membrane, as well as the formation of tubula-
tions in the outer retina (Halford et al. 2014) (Figs. 10.3,
10.6, 10.7, and 10.10). Although CNYV is not common in
BCD (Okialda et al. 2012), it is still crucial to carefully eval-
uate and manage the presence of CNV in patients with BCD
so that further central vision loss in these patients can be
prevented (Figs. 10.9 and 10.11).
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29 years old

Fig. 10.4 A 29-year-old female has had impaired night vision since line deposits in the retina, and the follow-up color fundus images
childhood. BCD was diagnosed after a complaint of blurry vision in her ~ showed a greenish change in the retina and a decreased number of
left eye for 1 month. Visual acuity was initially OD: 20/30 and OS:  deposits. (b) The initial ERG showed delayed in rod responses, and
20/400. After 5 years, her vision had deteriorated to OD: 20/100 and  progressed to rod-cone degeneration 5 years later

OS: 1/200. (a) The first color fundus images showed scattered crystal-
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Fig. 10.5 A 55-year-old male had progressively blurred vision in his
right eye, with impaired vision at night since childhood. His visual acu-
ity was OD: 4/200 and OS: 20/20. (a) Color fundus images revealed a
tessellated retina and scattered crystalline deposits. (b) The crystalline
deposits are not prominent in the Optos image. (¢) OCT of the right eye

showed loss of the ellipsoid zone and thinning of the retina. The central
retinal thickness was only 173 pm in the right eye and 285 pm in the left
eye. (d) FA images showed window defect and ICGA images revealed
poor perfusion of the choriocapillaris for both eyes. Although the vision
of his left eye was not affected, abnormal FA/ICGA features were found
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Fig.10.6 A 57-year-old male has had progressively declining vision  in color fundus images. (b) Hypo-AF patches at the posterior pole of
in his right eye and left eye for 14 and 5 years, respectively. He has  the retina in both eyes presented on FAF exam. (¢) The swept-source
also had progressively poor night vision for 2 years. His visual acuity =~ OCT revealed outer retinal tubulations (black arrowheads) in the

was OD: 20/70 and OS: 20/100. (a) There were no obvious crystals right eye
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Fig.10.6 (continued)

35 years old

37 years old

Fig. 10.7 A 35-year-old male with progressively blurred vision for
1 year was diagnosed with BCD. He denied any history of night blind-
ness or color vision impairment. Initial best-corrected visual acuity was
OD: 20/25 and OS: 20/30. After 2 years, there was no significant change
in vision, but the features of the follow-up exams were different. (a)
The initial fundus image showed scattered crystalline deposits, and

RPE seemed thinner in follow-up fundus images. (b) The initial FAF
showed a scattered hypo-AF area that extended from the posterior ret-
ina to the periphery, and the defect became larger. (¢) OCT revealed
some hyperreflective crystals in RPE and retinal layers in the initial
exam. The follow-up OCT showed loss of the ellipsoid zone and some
outer retinal tubulations
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~. 35 years old

35 years old

Fig. 10.7 (continued)
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47 years old

50 years old

Fig. 10.8 A 47-year-old female had blurred vision for 2 years, and
BCD was diagnosed. Her initial visual acuity was OD: 20/50 and OS:
4/200. After 3 years, her visual acuity became OD: 20/200 and OS:
1/200. (a) Her fundus images at age 47 and 50 years featured scattered
crystals. (b) Sclerotic choroidal capillaries can also be seen in the NIR

images. (¢) The lobular hypo-FAF area became larger after 3 years. (d)
OCT of her right eye revealed multiple outer retinal tubulations, loss of
the ellipsoid zone in the macula, and some hyperreflective spots in all
retinal layers. (e) The hypofluorescent area can be seen in FA at early
and late phases
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47 years old

50 years old

Fig. 10.8 (continued)
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47 years old

Fig. 10.8 (continued)
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Fig. 10.9 A 42-year-old female had blurred right vision for 1 month and
night blindness for 1 year. BCD was suspected based on her Optos image
and FAF. (a) Some small crystal deposits can be found in the Optos image.
(b) FAF images showed a reticular hypo-AF area at the peripheral retina
and a round hypo-AF area around the macula. Initial visual acuity was OD:

20/50 and OS: 20/25. (¢) Choroidal neovascularization (CNV) was
suspected in her right eye OCT scan. The central retinal thickness was
353 pm. Intravitreal ranibizumab injection was performed twice, and after
2 months, visual acuity became OD: 20/25 and OS: 20/25. Follow-up OCT
showed regressed CNV, and the central retinal thickness returned to 279 pm
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Fig. 10.10 A 40-year-old male had complained of impaired night vision for several months. His best-corrected visual acuity was 20/20 in both
eyes. (a) NIR imaging revealed multiple crystals in the retina. (b) OCT showed a preserved ellipsoid zone in the macula and hyperreflective spots

Table 10.1 Staging for Bietti’s crystalline dystrophy (Yuzawa et al. 1986)

Stage Features

1 RPE atrophy with uniform, fine, white, crystalline deposits are observed at the macular area

2 RPE atrophy extends beyond the posterior pole. Choriocapillaris atrophy in addition to RPE atrophy appears noticeably at the
posterior pole

3 RPE—choriocapillaris atrophy is observed throughout the fundus

RPE retinal pigment epithelium
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Differential Diagnosis

Some diseases that present with crystalline deposits in the
retina need to be differentiated from BCD. The differential
diagnosis of retinal crystalline deposits collated by Nadim
et al. is classified into systemic disorders, drug-induced dis-
orders, primary ocular disorders, and embolic diseases
(Nadim et al. 2002) (Table 10.2). However, patients at the
late stage of BCD may be presented with diffused RPE dys-
trophy without obvious crystalline deposit, which may not
be easy to differentiate from other retinal degenerative dis-
eases such as retinitis pigmentosa and choroideremia.
Genetic testing may help in this clinical situation.

Table 10.2 Differential diagnosis of retinal crystals (Nadim et al. 2002)

Disorder Fundus features
1. Systemic disorder

(a) Oxalosis

Management

For patients with an initial diagnosis of BCD, a number of
examinations can be performed to evaluate the baseline sta-
tus, including fundus photography, FAF, ERG, visual field
exam, OCT, and genetic consultation. Even though medical
or surgical management for BCD does not currently exist,
ophthalmologists should be aware of coexisting problems
such as CNV, which can be treated with intravitreal anti-
vascular endothelial growth factor injection instead of laser
photocoagulation (Fuerst et al. 2016; Okialda et al. 2012)
(Figs. 10.9 and 10.11).

2.

3.

4.

e Primary hyperoxaluria

* Methoxyflurane anesthesia
(b) Cystinosis (infantile form)

(c) Hyperornithinemia
(d) Sjogren—Larsson syndrome

Drug-induced

(a) Tamoxifen

(b) Canthaxanthine

(c) Talc

(d) Nitrofurantoin

Primary ocular disorders

(a) Calcified macular drusen

(b) Idiopathic parafoveal telangiectasis
(c) Bietti’s crystalline dystrophy

(d) Longstanding retinal detachment
Embolic diseases

(a) Calcium emboli

(b) Cholesterol emboli

Yellow crystals along retinal arterioles

Hyperpigmented spot with hypopigmentation

Plaque of RPE hypertrophy in the macula

Fundus albipunctatus-like image

Deep yellow crystals all over the posterior pole

Diffuse pigmentary changes without crystals

Crystals over velvet-like pigmentation in the macula and periphery

Superficial yellow white dots in the fovea and parafovea, excluding the foveola
Mottled hypopigmentation in the macula

White crystals mostly concentrated temporal to the macula

Golden yellow crystals in an oval configuration around the fovea
White glistening crystals inside the perifoveal arterioles

Superficial and deep crystals in a circinate pattern in the posterior pole

Deep yellow-white crystals in the macula

Superficial golden yellow crystals concentrated in the parafovea
Superficial deep yellow-white crystals all over the posterior pole
Superficial yellowish crystals in the area of detached retina

White crystals inside affected retinal arteriole(s)
Yellow crystals inside affected retinal arteriole(s)
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Fig. 10.11 A 26-year-old female diagnosed with BCD had suffered from  leakage and hypofluorescent spots around the fovea. Intravitreal bevacizumab
blurred right vision for a few months. (a) Crystalline deposits and a  injection was performed, and the CNV regressed after 1 month. (b) The
hemorrhage at the macula were found in her color fundus image of the right ~ follow-up color fundus image showed the disappearance of the hemorrhage,
eye. FA showed CNV at the nasal superior side of the fovea with active ~ FA showed no leakage, and OCT showed no subretinal fluid
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Abbreviations

CHS Chédiak—Higashi syndrome
HPS Hermansky—Pudlak syndrome
L-DOPA  L-3-4-dihydroxyphenylalanine
OA Ocular albinism

OCA Oculocutaneous albinism

uv Ultraviolet

Introduction

In 1908, Archibald Garrod, an English physician, included
albinism in his ‘Inborn errors of metabolism’; proposing
later in 1923 that albinism was a disorder of an enzyme
involved in the synthesis or maintenance of the molecule
melanin. Garrod’s work was controversial at the time prior
to the acceptance of Mendelian inheritance. However, it was
later confirmed in oculocutaneous albinism OCA1A (see
section ‘Non-syndromic OCA’) that the tyrosinase enzyme
was found to be defective (Scriver 2008).

Albinism is a common term used to describe a range of
congenital disorders characterised by a variable degree of
hypopigmentation, associated with a partial or complete
absence of the melanin pigment (Kinnear et al. 1985). The
disease is traditionally classified according to the clinical
phenotype in to two main categories: oculocutaneous albi-
nism (OCA) in which the skin, eyes, and hair are affected
and ocular albinism (OA) in which the eyes are affected
alone. Within these broad categories, albinism is currently
classified genetically, making the formerly used terms such
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as ‘tyrosinase-positive’ or ‘tyrosinase-negative’ redundant
(Summers 2009). As well as the two broad categories, syn-
dromic forms of albinism, occur infrequently. These include
Hermansky—Pudlak syndrome (an autosomal recessive con-
dition presenting with bleeding and OCA) (Hermansky and
Pudlak 1959) and Chédiak—Higashi syndrome (an autosomal
recessive condition presenting with immunodeficiency and
OCA) (Sato 1955).

There is so far limited epidemiological data for all known
forms of albinism, with the prevalence of 1 in 14,000 in
Danish populations (Grgnskov et al. 2009) and 1 in
10,000 in Northern Irish populations (Froggatt 1960), giv-
ing a rough idea of the prevalence in western populations.
Several other studies also quote the figure of 1 in 17,000
for North American and European populations. Although
albinism is relatively rare in the world, a relatively high
prevalence has been reported in sub-Saharan African popu-
lations, with the figures of 1 in 4000 for Zimbabwe and
1 in 1400 in Tanzania. This has been partially attributed
to consanguinity (Mdrtinez-Garcia and Montoliu 2013;
Cruz-Inigo et al. 2011). The prevalence for specific albi-
nism genes has been researched in more detail, with the
OCA1 gene being the most common and OCA4 being espe-
cially rare worldwide (see section ‘Non-Syndromic OCA’)
(Suzuki and Tomita 2008). Ocular albinism has been found
to be most commonly inherited in an X-linked pattern,
and has an estimated prevalence of 1 in 60,000 (Martinez-
Garcia et al. 2010).

Albinism is characterised by hypopigmentation of the
irides (Fig. 11.1), leading to different degrees of iris trans-
illumination (Fig. 11.2). The reduced pigmentation of the
retinal pigment epithelium makes the underlying choroidal
circulation more visible and is typically described as fun-
dal hypopigmentation (Fig. 11.3). The lack of melanin leads
to underdevelopment of the fovea (Figs. 11.4 and 11.5) and
optic disc (Fig. 11.6). In OCA, there is hypopigmentation of
the skin and hair, in addition to ocular findings. Other clini-
cal findings include nystagmus, reduced or absent stereopsis,
strabismus and refractive errors (Dorey et al. 2003).
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Fig. 11.1 Slit lamp colour photograph of OCA demonstrating the
hypopigmentation of the iris. Also note the hypopigmented eyelashes

Fig. 11.2 Iris transillumination of the eye from Fig. 11.1

Fig. 11.3 Colour fundus photograph demonstrating fundal hypopig-
mentation. Note the visible choroidal vessels as indicated by

Fig. 11.4 Colour fundus photograph of the right eye demonstrating a
typical appearance of foveal hypoplasia

Etiopathogenesis

The etiopathogenesis of albinism is directly related to the
specific gene that is affected. All forms of albinism share a
reduction or absence of melanin, resulting in the phenotype
of hypopigmentation (Levin and Stroh 2011).

Melanin plays an important role in the development of the
retina. Without melanin, the fovea does not develop properly,
and retinal-brain neuronal connections are altered. The optic
nerves, chiasm and optic tracts of individuals with albinism
have been consistently found to have smaller diameters. This
can be attributed to a reduction in central retinal ganglion
cells and foveal hypoplasia (Fig. 11.5) (Welton et al. 2017).
Due to the reduction in the diameter of optic neuronal tracts,
the lateral geniculate nuclei have been found to be signifi-
cantly reduced in size in those with albinism. In unaffected
individuals, 50% of retinal ganglion cells typically decus-
sate in the optic chiasm (nasal retinal fibres) and 50% remain
ipsilateral (temporal retinal fibres). However, in albinism,
70-85% of fibres decussate with only 15-30% passing ipsi-
laterally. The misrouting of these fibres can lead to abnormal
routing of fibres to the lateral geniculate nucleus (McKetton
et al. 2014). The excessive decussation of the retinal nerve
fibre can be detected with visual evoked potentials (VEP),
a form of electrodiagnostic assessment (see section ‘Ocular
Albinism’).

Oculocutaneous Albinism
Oculocutaneous albinism (OCA) is an autosomal recessive

disorder due to an absence or reduction of melanin biosyn-
thesis in melanocytes. Melanin synthesis and regulation
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Fig. 11.5 Corresponding tracking laser tomography of the retina from Fig. 11.4 demonstrating the absence of foveal structure, consistent with

foveal hypoplasia

Fig. 11.6 Colour fundus photograph of the left eye demonstrating an
underdeveloped optic nerve in a hypopigmented fundus

occurs in specialised cells called melanocytes derived from
the ectoderm. Within the melanocytes, melanosome organ-
elles produce melanin. Melanocytes are categorised as cuta-
neous (hair and skin) and extracutaneous (eye and cochlea);
but deafness is rarely seen in OCA and has been described
only once. Although the clinical phenotype can be quite simi-
lar, population studies have shown albinism to be a hetero-
geneous genetic disorder caused by multiple different genes.
OCA gene disorders can be split into two categories: non-
syndromic (TYR, OCA2, TYRPI and SLC45A2) and syn-
dromic (HPS1, AP3B1, HPS3, HPS4, HPS5, HPS6, HPSP7
and LYST) (Kamaraj and Purohit 2014). The clinical manifes-
tations of all four non-syndromic forms of OCA are very simi-

Table 11.1 Genetic classification of oculocutaneous albinism

Albinism Responsible gene Gene location
OCAl TYR 11ql4-q21
OCA2 OCA2 15q

OCA3 TYRPI 9p23

OCA4 SLC45A2 5p

lar, making it hard to differentiate between them from clinical
examination. For proper identification, molecular analysis of
the genes is required (Mdrtinez-Garcia and Montoliu 2013).

Non-syndromic OCA
OCAL is the most severe form of OCA and is caused by
mutations in the gene for the enzyme tyrosinase (TYR, see
Table 11.1), an enzyme that catalyses the first two steps of
melanin biosynthesis. Tyrosinase catalyses the conversion
of tyrosine to L-3-4-dihydroxyphenylalanine (L-DOPA) and
L-DOPA to DOPA quinone (Nicholson and Traboulsi 2012).
Where there is a complete absence of tyrosinase activity, the
term OCATA is used. The classical phenotype can range
from light blue to pink irides. Alternatively, the defect could
be milder with reduced tyrosinase activity rather than absent
activity. In these cases, the term OCA1B is used, sometimes
referred to as ‘yellow’ albinism wherein phenotypes can
show blue, green or brown irides (Fig. 11.7) (Gargiulo et al.
2011). OCA1 has been found to be most prevalent amongst
Caucasians and accounts for about 50% of OCA cases world-
wide (Simeonov et al. 2013).

OCAZ2, previously under the nomenclature ‘brown OCA’,
is due to a mutation in the OCA2 gene (see Table 11.1),
which performs essential function in the modulation of
melanosome pH. When OCA2 is defective, the pH control
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Fig. 11.7 Left: Slit lamp colour photograph of a patient with OCA1B. Right: Iris transillumination of the same eye. Note the dark eyelashes are
a result from the use of cosmetic mascara

of melanosomes becomes defective, resulting in a reduction
in tyrosinase activity (Bellono et al. 2014). It has also been
proposed that OCA2 plays an important role in modulating
the processing and releasing of tyrosinase to melanosomes.
When defective, it is logical to assume that tyrosinase is
improperly released, and thus pigmentation is impaired
(Toyofuku et al. 2002). OCA2 has been found to be the most
prevalent amongst African populations and accounts for
around 30% of OCA worldwide (Simeonov et al. 2013).

OCA3 is caused by mutations in TYRP/ (see Table 11.1)
and can also be referred to as ‘rufous OCA’. The gene
TYRPI encodes the protein ‘tyrosine related protein 1°,
which appears to be the most abundant melanosomal pro-
tein. Structurally, the TYRPI protein is very similar to
the enzyme tyrosinase and has been speculated to have
tyrosinase-like activity (Kamaraj and Purohit 2013). The
TYRP1 protein has been shown to have some tyrosine
hydroxylase activity and no DOPA oxidase activity. It has
been linked to melanosome structure as well as melano-
some proliferation and death. TYRP1 is essential in tyrosi-
nase activity. As such, when defective, tyrosinase activity is
reduced and melanin production is also reduced (Kamaraj
and Purohit 2014). OCA3 is very rare in Western and Asian
populations, being most common in African populations
(Gronskov et al. 2007).

OCAA4 is caused by a mutation in the gene SLC45A2 (see
Table 11.1), also known as the membrane-associated trans-
porter protein gene. The protein has similarities to plant
sucrose transporters and is expressed in melanosomal cells
(Gronskov et al. 2007). Mutations in SLC45A2 have been
proposed to cause misrouting of tyrosinase and TYRPI.
Because tyrosine is misrouted, it cannot play its role in
melanogenesis, and this results in hypopigmentation. Note
the similarity to the role of the OCA2 protein in tyrosinase
transport (Costin et al. 2003). OCA4 is one of the rarest
forms of OCA but has an unusually high prevalence amongst
Japanese populations (Kamaraj and Purohit 2014).

Table 11.2 Classification of Hermansky—Pudlak genes to subunits

Subunit Gene(s)

BLOC-1 HPS7, HPSS, HPS9
BLOC-2 HPS3, HPSS5, HPS6
BLOC-3 HPSI1, HPS4

AP3 HPS2
Syndromic OCA

Hermansky—Pudlak syndrome (HPS) is the most common
syndromic form of OCA, wherein multiple gene products are
present. Each gene product has defects in subunits of either
biogenesis of lysosome-related organelles complex (BLOC)-
1, -2 or -3 or adaptor protein-3 (AP3). The genes involved
in each of these complexes are listed in Table 11.2 (Huizing
et al. 2008).

Whilst extremely rare worldwide, HPS is most com-
monly found in Puerto Rico. The BLOCs are heavily
involved in the trafficking of melanosomes (EI-Chemaly
and Young 2016), which is a critical component of melano-
genesis. If defective, hypopigmentation is an inevitable out-
come. The genes behind HPS have not been well explored,
but it is generally regarded that they are all involved in the
regulation or trafficking of lysosome-related organelles.
These organelles include melanosomes, lysosomes, and
platelets. Defects in these processes result in the main fea-
tures of the HPS syndrome—OCA and an increased bleed-
ing tendency (see section ‘Syndromic OCA’) (Schneier and
Fulton 2013).

Chédiak—Higashi syndrome (CHS) is caused by muta-
tions in a single gene LYST, located at chromosome
1gq42-43. The main feature of CHS is the presence of
massive lysosomal inclusions in leukocytes, fibroblasts
and melanocytes due to a microtubular defect. Studies
have shown that lysosomal exocytosis can be defective
in CHS (Rudramurthy and Lokanatha 2015). The most
important ocular pathology in CHS is the enlargement of
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melanosomes in the retinal pigment epithelium, leading to
abnormal eye pigmentation resulting in photophobia and
decreased visual acuity (Ji et al. 2016).

Ocular Albinism

Mutations in the gene GPRI43 on the X chromosome (at
Xp22.3-2.2) are responsible for most ocular albinism cases
and are denoted OA1. This gene encodes a protein that con-
trols melanosome number and size (Levin and Stroh 2011).
The gene mainly affects functioning of a G-protein-coupled
receptor involved in melanosome synthesis in retinal pigment
epithelial cells and iris epithelium cells (Martinez-Garcia
and Montoliu 2013). When GPRI143 is defective, melano-
some synthesis is impaired, leading to impaired melanin
synthesis. OA1 is a non-progressive condition and remains
stable throughout life (Hu et al. 2011).

As ocular albinism is predominantly an X-linked reces-
sive condition, these disorders tend to present more fre-
quently amongst men. Males with X-linked genetic disorders
pass the gene to all daughters, but cannot pass the defected X
chromosome to their sons. Females who have one affected X
chromosome are carriers of the gene and have the capability
to pass on the gene. It is uncommon for a female to inherit
two affected X chromosomes and become affected (Winsor
1988).

Clinical Characteristics

The ocular features of oculocutaneous albinism are identical
to ocular albinism; thus, the main ophthalmic features will
be covered in section ‘Ocular Albinism’.

Oculocutaneous Albinism

It is important to be able to differentiate between syndromic
and non-syndromic forms of OCA, so appropriate manage-
ment and genetic counselling can be considered.

Non-syndromic OCA

Individuals born with OCATA typically have white hair at
birth and will fail to show any melanin pigment in the hair,
skin, or eyes for their entire lifetime, whereas individuals
born with OCA1B can develop pigmentation in their hair and
lashes over time. OCA1B can also have temperature-sensitive
variants wherein hypopigmentation of hairs only occurs
on warmer parts of the body. Individuals born with OCA2
are usually born with red hair or blond hair; however, skin
hypopigmentation remains. It is also important to be aware
that OCA4 and OCA?2 have very similar clinical phenotypes

and can be hard to differentiate. OCA3 is associated with red
hair or reddish brown skin in African populations. There is
often very little visual impairment as the hypopigmentation
is not severe enough to alter the development of the visual
system (Summers 2009; Kamaraj and Purohit 2014).

Malignant melanoma in patients with albinism is exceed-
ingly rare in populations living in cooler climates, with very
few cases being presented in literature. However, in Africa,
albinism is recognised as a risk factor for skin cancer. In
African countries nearer to the equator, e.g. Nigeria, a large
proportion of individuals with OCA under age 20 years
have malignant or premalignant lesions (Levine et al. 1992;
Kiprono et al. 2014; Lookingbill et al. 1995). This is due
to the proximity to the equator where the ultraviolet (UV)
light is at its strongest. In a review for malignant carcino-
mas in Africans with albinism, squamous cell carcinomas
were found to be slightly more common than basal cell
carcinomas.

Syndromic OCA

HPS shares many common symptoms with non-syndromic
OCAI1A, but it is vital for ophthalmologists to consider other
systemic features as they are associated with higher morbidity
and mortality rates. When diagnosing OCA, it is imperative to
consider HPS as a differential diagnosis. The main symptom
of HPS is excessive bleeding. This may present as ease of
bruising, epistaxis, heavy menses and bleeding complications
of childbirth. In addition to bleeding, pulmonary fibrosis has
been found in adults, which can first present as wheezing in
childhood. It is recommended to involve a haematologist and
a geneticist if HPS is suspected. On diagnosis, genetic subtyp-
ing can be performed, but all HPS patients require counselling
regarding bleeding tendency despite their subtype (Schneier and
Fulton 2013). A restrictive lung disease can start in an individ-
ual’s early 30s and progress to death within a decade (Brantly
et al. 2000).

CHS also shares the common symptoms of non-
syndromic OCA1A, but individuals are at risk for lymphore-
ticular malignancy, as well as presenting with a greyer sheen
to the hair, grey patches on the skin and macromelanosomes
on skin biopsy. Hepatosplenomegaly and progressive visual
loss are common as the disease progresses. CHS can lead to
an early death (Levin and Stroh 2011; Sayanagi et al. 2003).

Ocular Albinism

Ocular albinism shares all the ophthalmic features of oculo-
cutaneous albinism, listed below:

e Iris transillumination (Figs. 11.8 and 11.9)—this is best
performed in a dark room with a bright slit beam in the
slit lamp. The iris is seen to be translucent. In severe
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cases, the outline of the lens can be apparent. The less
pigmented the iris, the greater the iris transillumination
(Table 11.3).

e Foveal hypoplasia (Fig. 11.10)—severe forms often result
in marked visual impairment. Those with 20/50 or better
vision can show some foveal development.

» Fundal hypopigmentation (Fig. 11.11)—due to the absence
or reduction of melanin in the retinal pigment epithelium.
Choroidal vessels become more visible (Table 11.4).

* Reduced visual acuity and stereopsis—a result of foveal
hypoplasia and abnormal development of the visual

Fig. 11.8 Grade 1: Punctate iris transillumination system.
e Strabismus and nystagmus are common—again, due to

the abnormal development of the visual system.

e Refractive errors—with high hypermetropia more com-
monly found in OCA1A and astigmatism being the most
common visually significant refractive error across all
subtypes.

Visual evoked potentials (VEP) are useful in demonstrat-
ing excessive decussation of optic nerve fibres in the chi-

asm and tracts, especially if the clinical features are not clear

Table 11.3 Classification of iris transillumination

Grade Features

Grade 1 (Fig. 11.8) Punctate areas transillumination

Grade 2 Moderate iris pigment

Grade 3 Minimal iris pigment

Grade 4 (Fig. 11.9) Full transillumination due to absence of
Fig. 11.9 Grade 4: Full iris transillumination pigment

IR 30* + OCT 30°

..

Fig. 11.10 Tracking laser tomography showing underdevelopment of the right fovea
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Fig. 11.11 Colour fundus photo showing fundal hypopigmentation
with choroidal vessels easily seen

Table 11.4 Classification of macular hypopigmentation

Grade Features

Grade |  Choroidal vessels easily seen

Grade 2  Choroidal vessels less distinctly seen because of
translucent retinal pigment epithelium

Grade 3  Opaque macula so choroidal vessels are not visible

enough to warrant a definite diagnosis (Dorey et al. 2003;
Summers 2009; Izquierdo et al. 1995; Summers et al. 1988;
Yahalom et al. 2012).

Management

There is currently no cure for albinism. Understanding and
managing the condition are essential.

Ocular Management

Many babies with albinism may appear to have severely
impaired vision, but their vision can improve after a few
months, as a result of a form of delayed visual maturation
(Illingworth 1961).

Spectacles can be used to correct significant refractive
errors and help to maximise visual acuity. Tinted spectacles
can be prescribed for use in bright environment to reduce
symptoms of glare and thus improve the quality of vision
(Rosenblum et al. 2000).

Amblyopia therapy can be considered when amblyopia
is clearly demonstrated, with patching or pharmacological
penalisation with 1% gutta atropine in the better-seeing eye
(Bretas and Soriano 2016). However, monocular visual acu-
ity is often more reduced than vision binocularly, due to an
element of latent nystagmus (nystagmus oscillations increase
in frequency and amplitude with monocular occlusion dur-
ing a monocular vision check) (Papageorgiou et al. 2014).
Therefore it can be a challenge to confirm true amblyopia in
the presence of foveal hypoplasia.

Educational support is important for children with albi-
nism and can be delivered by visual impairment support
services in some countries e.g. the United Kingdom. These
services include home visits at preschool ages to initiate
visual sensory stimulation and later liaison with schools on
educational needs such as larger font sizes and higher con-
trast learning materials. This can be made easier by elec-
tronic educational devices. Children with severe forms of
visual impairment can benefit from learning braille, which
can be introduced as young as 3 years old (Keil 2004). The
Royal National Institute for Blind people in the UK is an
excellent source of advice on this.

Surgical Correction for Nystagmus
Nystagmus is a condition that rarely benefits from surgical
treatment to the extraocular muscles. However, under certain
circumstances, extraocular muscle surgery may help a few
patients with specific problems associated with nystagmus.

Head posture in nystagmus can sometimes be adopted to
bring the vision into the ‘null zone’, a position of gaze in
which the nystagmus is most dampened, hence an area with
the best visual acuity. The Kestenbaum procedure is used to
produce a deviation of the eyes horizontally, in the direction
of the head turn and lead to reduction of an unacceptable
eccentric horizontal head posture. The Kestenbaum proce-
dure involves recession and resection of all four horizontal
rectus muscles and is also called the ‘5, 6, 7, 8 procedure’
i.e. for the correction of right head turn, the aim is to pro-
duce a slight restriction of left gaze eye movement, relieving
the head turn, and to put the eye in primary position. This is
achieved by performing a 6 mm right medial rectus reces-
sion and 7 mm right lateral rectus resection combined with
a 5 mm left medial rectus resection and 8 mm left lateral
rectus recession. Whereas, Anderson advocated resection
of horizontal muscles and Goto advocated resections of the
antagonistic muscles of each eye. Kestenbaum’s method has
proven to be most popular; however, follow-up research has
been lacking (Sturm et al. 2014).

An alternative approach is ‘four muscle tenotomy’. This
involves each horizontal eye muscle being isolated and a 6-0
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vicryl suture placed in the muscle, just posterior to its inser-
tion. Each horizontal rectus muscle is detached and immedi-
ately reattached to the same insertion site. After a four muscle
tenotomy, visual acuity has been shown to be improved and
nystagmus intensity can be decreased. This procedure does
not have significant complications. It is thought that the affer-
ent signalling from the extraocular muscles are dampened
by detaching and reattaching the muscles; however, further
research is required to fully understand the long-term impact
of the four muscle tenotomy in the treatment of nystagmus
(Greven and Nelson 2014; Dubner et al. 2016).

Skin Management

Due to the higher risk of skin cancers in those with oculocu-
taneous albinism, use of hats and sunglasses have been rec-
ommended to those affected. Sunscreen can also be used to
reduce the frequency of burns. This is especially important
near to the equator where ultraviolet radiation is strongest
(Kirkwood 2009; Lookingbill et al. 1995).
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