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Abstract: Bietti crystalline dystrophy (BCD) is a rare, genetically determined chorioretinal dystrophy presenting with intraretinal
crystalline deposits and varying degrees of progressive chorioretinal atrophy commencing at the posterior pole. In some cases, there
can be concomitant corneal crystals noted first in the superior or inferior limbus. CYP4V2 gene, a member of the cytochrome P450
family is responsible for the disease and more than 100 mutations have been defined thus far. However, a genotype—phenotype
correlation has not been established yet. Visual impairment commonly occurs between the second and third decades of life. By the fifth
or sixth decade of life, vision loss can become so severe that the patient may potentially become legally blind. Multitudes of
multimodal imaging modalities can be utilized to demonstrate the clinical features, course, and complications of the disease. This
present review aims to reiterate the clinical features of BCD, update the clinical perspectives with the help of multimodal imaging
techniques, and overview its genetic background with future therapeutic approaches.
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Introduction
Bietti crystalline dystrophy (BCD) is a rare, genetically determined chorioretinal dystrophy characterized by sparkling crystals in
the cornea and retina with progressive chorioretinal atrophy mainly commencing at the posterior pole.' > The disease was named
after Bietti' who described the classical clinical features of the disease in three patients in 1937. Marked central vision impairment,
nyctalopia, and constriction of visual fields can be noted in conjunction with the disease progression between the 2nd and 4th
decades of life.” The crystalline deposits were also demonstrated in the skin fibroblasts and lymphocytes.*”

Recent genetic developments and utilization of newer diagnostic techniques including optical coherence tomography
(OCT) and optical coherence tomography angiography (OCTA) have added important new information to our current
understanding of BCD. Thus, we aim to reiterate the clinical features of BCD, update the clinical perspectives with the

help of multimodal imaging techniques, and overview its genetic background with possible future therapeutic approaches.

Genetics and Pathophysiology

BCD is an autosomal recessive disease associated with mutations in the CYP4V2 gene. The BCD locus was first described in
2000° and the CYP4V2 gene was defined later in 2004.” The protein encoded by CYP4V2 has 525 amino acids and is a member of
the cytochrome P450 family. The gene is expressed in the retinal pigment epithelium and other tissues including the heart, brain,
lung, liver, kidney, placenta, and lymphocytes’ however clinical findings are limited to the eye. CYP4V2 is involved in converting
fatty acid precursors into n-3 polyunsaturated fatty acids and has a preferential activity for hydroxylating the terminal carbon of
saturated, medium-chain fatty acids to produce dicarboxylic fatty acids, which are then processed by mitochondrial -oxidation.®
The disorder is characterized by the reduced conversion of the fatty acid precursors into n-3-polyunsaturated fatty acids. Defect in
lipid metabolism causes deficient lipid binding, elongation, or desaturation’ and leads to the accumulation of cholesterol or
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cholesterol esters in the retina, cornea, conjunctiva, fibroblasts, and lymphocytes.™
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Over 100 mutations have been defined in the CYP4¥2 gene thus far,'' however, a genotype—phenotype correlation has
not been established yet, although there are some efforts to correlate the clinical and/or imaging findings with the
genotype.'> CYP4V2 consists of 11 exons and the reported mutations spread through all of the exons. Since the disorder
is more prevalent in Asian countries and relatively rare in the rest of the world the mutational hot spots lack for the
general population, while ¢.802-8 810delinsGC is the well-known common mutation in Asian populations.'® In
addition, the heterogeneity of the BCD phenotype raises the possibility that a variety of lipid metabolism-related factors,
including nutrition, inflammation, and more, may have an impact on the phenotype and course of the disease.'*

Epidemiology

It is difficult to estimate the prevalence of BCD due to the rarity of the disease and variations of data collection among
the ethnic groups and countries stated in the previous papers. Though the disease prevalence is estimated to be 1 in
67.000 subjects, BCD is more prevalent in East Asia, including China, Korea, and Japan.'> However, prevalence of BCD
is estimated to be around 1:116,000 according to a recent study.'® In a group of 207 consecutive retinitis pigmentosa (RP)
patients, 4 BCD cases were identified, and BCD prevalence was estimated to be 2.5% of all RP patients.'® Matafsi et al'®
revealed that BCD was diagnosed in 3% of non-syndromic RP cases and the equivalent frequency increased to 10%
when autosomal recessive RP was considered. Garcia-Garcia et al'’ suggested that there could be a Mediterranean

distribution for the BCD patients in Europe as most of the reported cases were Italian, Lebanese and Spanish patients.'”

Clinical Features

Cornea and Lens Features

Crystals are commonly found in the peripheric paralimbal area related to the CYP4V2 expression in the corneal epithelium.'®
These corneal crystal deposits can be detected by slit-lamp biomicroscopy or specular microscopy in one-third to one-half of
patients with BCD and corneal involvement seems to be more frequent in northern European descent patients. '

The crystalline deposits (Figure 1) are occasionally noted first in the superior or inferior limbus and spread into the entire
corneal limbus.” In two BCD cases, Bozkurt et al*' revealed randomly oriented needle- or rod-shaped corneal crystals up to 40 pm
in length and 4-8 pm in width in the corneal epithelium and stroma by using the in vivo confocal microscopy.>' Garcia-Garcia
et al*? identified a 38-year-old Spanish woman with BCD having central and paracentral keratopathy without limbal involvement
with the confocal microscopy. They also mentioned that crystalline deposits were found not only in the proband but also in two
elderly heterozygous carriers with a normal slit-lamp examination with the help of in vivo corneal confocal microscopy.>

Recently, lenticular crystalline deposits have also been described in a few case reports.”* 2> Yokoi et al** reported the presence
of crystalline deposits in the corneal stroma, anterior and posterior lens capsule by using slit-lamp biomicroscopy together with the

Figure | Corneal crystals. Slit- lamp biomicroscopy photo showing the crystalline deposits located at the limbus.
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associated intraretinal crystals and advanced chorioretinal atrophy in an Asian man. Chung et al** observed crystalline deposits
underneath the anterior lens capsule by using anterior segment OCT in a 49-year-old man with BCD. Louati et al*> delineated
needle-shaped, crystal-like, or rod-shaped deposits in the corneal stroma, anterior lens cortex, posterior lens cortex as well as the
anterior and posterior lens capsule in four BCD patients with the slit-lamp biomicroscopy.

Fundus Features
Bietti crystalline dystrophy is a progressive disorder affecting the RPE-choriocapillaris complex.**® During the disease
course, RPE atrophy and loss of choriocapillaris occur first at the posterior pole and then extend to the peripheral retina
as well. In the late stages, bone spicule-like pigmentary changes can also be observed like RP.?” Optic disc maintains its
healthy looking while retinal vessels become sclerosed and attenuated in the later stages (Figure 2).%°

The origin and biochemical composition of the crystals are still unclear. Kojima et al*® underlined the fact that the crystalline
deposits were present mostly at the inner side of the RPE layer and located in the relatively healthy retina as previously
reported.”®* Ancillary imaging techniques could provide additional information about the chorioretinal aspects of the disease.
Sharply demarcated hypofluorescent areas on fundus autofluorescence imaging,®® highly reflective crystalline deposits on near-
infrared reflectance imaging (NIR),*' outer retinal tubulation,” outer retinal layer atrophy, hyperreflective spots in or on the RPE-
Bruch’s membrane complex, and drusen-like structures,”®** choroidal neovascularization,>*™*' subfoveal neurosensorial
detachment* and macular hole®>*® on OCT have been all reported in BCD patients.
Disease Course and the Staging
Visual impairment commonly occurs between the second and third decades of life.?® The diagnosis sometimes can be challenging
since the patients with early disease may not have any visual symptoms. The age at the time of onset, presenting symptoms, and

Figure 2 Features of advanced disease stage. Color fundus (A) and IR-R images. (B) of a left eye showing the marked diffuse chorioretinal atrophy and choroidal sclerosis
with some pigment clumping areas. The horizontal SD-OCT section through the fovea (C) revealing the loss of EZ and RPE line with choroidal thinning.
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severity of the disease can all vary greatly from case to case, and there can also be an asymmetry between the eyes. In a very recent
manuscript, Liu et al*’ analyzed the intereye symmetry in a group of 13 BCD patients (26 eyes) by clinical examination and
multimodal imaging methods and searched the quantity, size, and distribution of the distinctive retinal crystalline deposits by
measuring the crystal number, crystal area and absent autofluorescent area and demonstrated a strong intereye symmetry.*’” By the
fifth or sixth decade of life, vision loss can become so severe that the patient may potentially become legally blind.’

126

Disease can be subclassified by Yuzawa et al”” as early, intermediate and advanced disease and later with some minor

modifications by Mataftsi et al in the context of clinical features.'®

Early Disease
There is retinal crystals scattered throughout the posterior pole with accompanying midperipheric atrophy limited mostly
to the macular area that can be assessed with fluorescein and indocyanine angiographies (Figure 3).

Intermediate Disease
Number of retinal crystals are reduced in amount or absent at the posterior pole, but can still be observed outside the
region of central atrophy that extends beyond the posterior pole (Figure 4).

Advanced Disease
There is nearly total chorioretinal atrophy with very rare crystals seen throughout the fundus (Figure 2).

Clinical Characteristics on Various Ancillary Tests
Fundus autofluorescence imaging provides information about the topographic map of the lipofuscin distribution in the RPE and
allows visualization of the areas of RPE loss in eyes with degenerative retinal disorders such as hypoautoftuorescent areas.*® It is

Figure 3 Features of early disease stage. Color fundus image of a left eye (A)showing scattered intraretinal crystals throughout the posterior pole. Infrared reflectance
(IR-R) image (B) depicting the several bright reflective spots at posterior pole. Spectral domain-optical coherence tomography (SD-OCT) section (C) delineating the
hyperreflective deposits at the retina pigment epithelium -Bruch’s membrane complex and ellipsoid zone (EZ) disruption in the left eye (C).
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Figure 4 Features of intermediate disease stage. Color fundus image of a left eye (A) showing the chorioretinal atrophy extending from the posterior pole and glistening crystals at
the macula. Fundus autofluorescence image (B) revealing the well-demarcated hypofluorescent patches corresponding to the atrophy. Spectral domain-optical coherence
tomography (SD-OCT) section (C) demonstrating the hyperreflective deposits at the RPE — Bruch’s membrane complex, together with the disruption and loss of the EZ band.

thus also possible to infer RPE-choriocapillaris atrophy with the help of fundus autofluorescence imaging in BCD patients.>®
Hypofluorescent patches were associated with RPE loss in FAF imaging in BCD patients, whereas hyperautofluorescent speckles
were interpreted as RPE hyperplasia, as previously documented in a histological investigation.'*°

Near-infrared reflectance (NIR), a noninvasive approach is recently regarded as an useful method for the BCD
diagnosis.*’ In their retrospective study, Huang et al*’ analyzed the multimodal imaging features of 40 eyes of 22 BCD
patients. In their group, five legally blind eyes displayed large sclerotic vessels that were visible on NIR and none of
these eyes had crystalline deposits. They concluded that NIR imaging could be a helpful diagnostic tool in cases with
BCD as it could identify not only the crystalline deposits in the early stages of the disease but also the sclerotic choroidal
vessels in more advanced stages where crystalline deposits were undetectable.*’

On fluorescein angiography, hyperfluorescent “window defects” are detected related to the areas of RPE atrophy with
generally intact choriocapillaris in the earlier disease stages, while lobular hypofluorescent areas also do appear
corresponding to the poorly perfused choriocapillaris and chorioretinal atrophy during the disease evolution. These
hypofluorescent areas progressively enlarge over time.'**"->

ICG angiographic results vary depending on the stages of the disease. In the early stages, there were no RPE changes
or choriocapillaris loss, but in the advanced stages, there was significant chorioretinal atrophy seen as hypocyanescent
areas.”’ Most notably, intraretinal crystals had no masking effect or any fluorescence and on fluorescein or ICG
angiography. ICG angiography in every case revealed hypocyanescent spots, which most likely corresponded to the
RPE changes nearby the atrophic regions.”®

Hyperreflective dots present almost in all retinal layers and outer retinal tubulations (ORT) are among the main OCT
features. 2® 30323332755 Tomographically, ORT is typically seen in the outer nuclear retinal layers and often observed as circular

or ovoid hypo-reflective spaces with hyperreflective borders.>? ORTs are likely the indicator of rearranged photoreceptor layer due

Clinical Ophthalmology 2023:17 heeps: 957

Dove:


https://www.dovepress.com
https://www.dovepress.com

Saatci et al Dove

to rapid and severe photoreceptor degeneration. Braimah et al®® analyzed the 309 eyes of 157 patients, with retinal dystrophies
including retinitis pigmentosa (RP, 183 eyes), Stargardt disease (STGD, 93 eyes) and Best disease (33 eyes) in a retrospective
study and found out the presence of ORT in 12 eyes of eight patients (six patients with RP, two with STGD, and four with Best
disease). Interestingly, ORTs were more frequently reported in BCD when compared to cone dystrophy and retinitis
pigmentosa.”**? Kojima et al*® showed that ORTs were present in 10 of 292 retinitis pigmentosa patients (3.4%), two of 16
patients with cone dystrophy (12.5%), and all of the 12 patients with BCD (100%) using spectral domain optical coherence
tomography (SD-OCT). Iriyama et al** analyzed 112 patients with RP, 58 patients with cone dystrophy, and seven patients with
BCD and ORTs were found in none of the 112 patients with RP, unilaterally in three of 58 patients with cone dystrophy, and
bilaterally in five of seven patients with BCD. The association between ORT and disease severity was not further looked for in
BCD eyes in the two past manuscripts. Li et al>’ suggested that ORTs were commonly observed at intermediate and advanced
disease stages. Previously, we® disclosed that ORTs were present in all intermediate stage eyes and three of seven eyes with
advanced disease stage. ORTs might have not been visualized due to already established degeneration related extreme retinal
thinning. In a recent Chinese study, only 3 eyes out of 22 eyes (13.6%) with BCD had ORTs by using Cirrus OCT contrary to the
reports summarized above but, however, the authors did not mention the disease stage in BCD patients with ORTs.>> Very
recently, 42 clinically and genetically diagnosed BCD patients were evaluated in a multicenter, retrospective cohort study for the
presence of ORTs and its possible prognostic implications.>® Eighty eyes with good quality of SD OCT sections were included. In
52 eyes, there were evidence of ORT, and the incidence of ORT was significantly higher in stage 2 disease than the other disease
stages. The authors considered that ORT might be the sign of the onset of RPE atrophy in early stage BCD and might suggest less
risk of rapid progression in late-stage BCD.>

Several bright reflective spots can be observed within different retinal locations on SD-OCT sections of BCD patients.*?
Hyperreflective spots are likely corresponded to the crystals located in or on the RPE-Bruch membrane complex.**=? Pennesi et al
mentioned three forms of hyperreflective dots can be distinguished: (1) highly reflective dots in the inner retina, (2) bright
reflecting plaques above the Bruch membrane, and (3) partially encapsulated reflective plaques. Interestingly, only some of the
hyperreflective spots can be matched to crystalline deposits.>*>* The rest of the hyperreflective spots might be related to glial cell
response to retinal degeneration, protein deposits, inflammatory cells, artifacts, or perhaps the protein deposits.>® Li et al>’ noted
that drusen-like structures seen at early-stage BCD patients resembled to the soft and sawtooth cuticular drusen observed in
patients with age-related macular degeneration.’” The presence of hyper-AF even at early disease stages led the authors to
hypothesize that this might represent an intermediate alteration that occurred prior to loss of the photoreceptors and RPE.”” In
a Cirrus OCT study, Gocho et al* pointed out that the crystals visible on the infrared images were located adjacent to the healthy
looking RPE where outer nuclear layer was preserved. In our previous OCT study,”® we detected inner retinal hyperreflective dots
in 20 of 24 eyes, and only in four eyes with the advanced stage there were none. On the other hand, bright reflective plaques were
shown in all of the study’s eyes. The presence of choroidal hyperreflective spots presumably corresponding to the crystals is

controversial as choroidal hyperreflective dots were described only in some reports.>* Saatci et al>®

showed the presence of
choroidal hyperreflective spots in 20 of 24 BCD eyes using SD-OCT. There were no choroidal hyperreflective spots in four eyes
with advanced disease stage and severe chorioretinal thinning. Zerbib et al®' also mentioned that choroidal crystals could be
observed also in the choroid and added that SD-OCT might have allowed the clinicians to detect the hyperreflective foci better due
to existing retinal atrophy.’’

Longitudinal measurements of central macular thickness and subfoveal choroidal thickness may provide additional
information about the disease severity and disease progression during the course as chorioretinal thinning was more
pronounced in the later disease stages.”®

Swept-source OCT was also utilized in BCD patients and SS-OCT also revealed the tubulations in the outer nuclear layer,
destruction of the ellipsoid and interdigitation zone of the retina, hyperreflective retinal deposits in all retinal layers, primarily in
the RPE/Bruch membrane complex, and patchy loss of the outer retina and RPE in the advanced stage.*' %>

Optical coherence tomography angiography provides additional information on the retinal and choroidal perfusion damage in
BCD patients.** 7 Hirashima et al°® evaluated 16 eyes of 16 retinitis pigmentosa patients with £YS mutation, and 9 eyes of 9
patients with BCD, 16 eyes of 16 healthy individuals with SS-OCTA. Thinning in the outer choroidal vascular area was associated
with the thinning of subfoveal choroid in eyes with BCD and interestingly, they found that the vasculature in the inner choroid,

including the choriocapillaris and Sattler’s layers, was absent as the inner choroidal vessels could not be identified in 8 of the 9
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BCD eyes. They discovered that the BCD group’s ratio of subfoveal inner choroidal thickness to total choroidal thickness in the
BCD group was substantially lower than the RP group.®® Consistently, a recent case report suggested that VD impairment of the
retinal plexuses and CC ensued the primary RPE degeneration.®® Miyata et al® analyzed 13 eyes of 13 patients with BCD using
OCTA and showed a flow deficit in the choriocapillaris in 92% of their BCD patients. They also reported that subfoveal
choriocapillaris thickness was correlated with visual acuity.*® In a patient with a 10-year of follow-up, Ipek et al* reported the
changes in a 27-year-old female BCD patient and similarly showed that choroidal vessels could be visualized on the outer retinal
layer segmentation due to retinal pigment epithelial atrophy and blood flow was reduced on the level of choroidal segmentation
with the SS-OCTA. In a retrospective study that included 22 BCD patients (37 eyes) and 22 healthy individuals (37 eyes), Zhang

1°7 found that the radial peripapillary capillary density was significantly lower in the BCD patients than in the control group.®’

eta
In our recent study, we analyzed the capillary vessel density (VD) and choroidal vascularity index (CVI) in 26 eyes of 13 BCD
patients, 26 eyes of RP patients and 26 eyes of 13 healthy subjects.”* The CVI value was lower in BCD and RP patients than in the
healthy subjects. We suggested that lower CVI values seemed to be related to the disease severity in BCD patients. We also
revealed that VD was also significantly lower in BCD patients when compared to RP patients.**

Different levels of rod and cone dysfunction can be shown on the full field electroretinogram (ffERG), varying from
undetectable to normal to reduced amplitudes of scotopic and photopic responses in BCD patients. The ffERG is more likely
to be abnormal when the peripheral visual field is severely affected in the mid- to late-stage of the BCD. Though several studies

7072 the ffERG can remain normal or nearly normal

mentioned that ffERG responses seemed to correlate with the disease severity
even in advanced stages of the BCD.”® Normal ffERG responses can be detected in patients with BCD who have extensive RPE
and choroid atrophy, indicating that the neural retina may still be functional despite the disruption of the retinal layers.”

Visual field defects may manifest as peripheral, central, or pericentral scotomas (usually associated with atrophic
lesions that extend to the foveal region) in BCD patients.”* Patients with BCD experience substantial visual impairment
and peripheral visual field constriction, which typically proceed to legal blindness by the fifth or sixth decade of life."’

Adaptive optics (AO) is a new imaging method that enables the direct observation of the individual rod, cone, and
retinal pigment epithelial (RPE) cells.””"”> Gocho et al*® found circular patches and clusters of hyperreflective signals in
the AO images that matched the crystals in three individuals with BCD. According to their thinking, the circular spots
were the remains of the cone photoreceptors that lay over the crystals. Battu et al”> looked for the ORTs in BCD patients

with AO and noted that ORTs appeared as serpentine tubules of varying sizes.

Posterior Segment Complications

Macular Neovascularization

Macular neovascularization (MNV) can complicate the clinical course in almost all of the chorioretinal dystrophies’® as it may be
seen with any pathological process disturbing the RPE and Bruch’s membrane.® Younger age, scant exudation pattern, type 2
MNYV, and slow and often limited visual deterioration are common aspects of the MNV secondary to retinal dystrophies.’”® The
efficacy and safety of intravitreal 0.5 mg ranibizumab injection were investigated prospectively in adult patients with MNV due to
uncommon causes, such as angioid streak, inflammation, central serous chorioretinopathy, idiopathic, and miscellaneous causes in
a randomized 12-month long MINERVA study.”” An individualized PRN ranibizumab treatment regimen depending on the
disease activity was showed highly clinically relevant visual improvement for the treatment of MNV irrespective of the underlying
etiology and was well tolerated.”® Thus, intravitreal anti-VEGF injection is the generally recommended treatment in eyes with
active MNV and BCD nowadays.

MNV in cases with BCD has been reported mostly as anecdotal case reports.>* %4945 Atmaca et al** reported the first case
of MNV in association with BCD in a 13-year-old girl who developed a unilateral peripapillary MNV and MN V-associated foveal
serous retinal detachment that occurred 14 months after the initial diagnosis but no treatment was noted. MNV lesions were
commonly located at the foveal and parafoveal region and Fuerst et al*® suggested that regional predilection might be related to the
parafoveal disruption of the RPE integrity and photoreceptor outer segment-RPE relationships. A 64-year-old male patient was
diagnosed by Gupta et al** with an inactive juxtafoveal MNV and did not require any treatment. Hua et al*® described a 26-year-
old man with BCD and MNV who was treated with a single intravitreal bevacizumab injection, and they argued that reduced

activity of the MNV might be related to the already established choriocapillaris destruction. Le Tien et al*’ reported a 29-year-old
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woman with BCD and MNV in her left eye. After three injections of ranibizumab, the vision improved from 20/50 to 20/32, and no
recurrence was noted after six months of follow-up.** Mamatha et al*' reported three BCD patients of whom two had parafoveal
MNV. The first one was a 26-year-old male who had a unilateral MNV-related scar thereby no treatment was given. Second, was
a 31-year-old male who experienced a subretinal hemorrhage related to an active subfoveal MNV in his left eye together with
a disciform scar in his right eye. Scar formation occurred following three intravitreal ranibizumab injections without any
recurrence during a six-month follow-up in the left eye.*' Nachiappan et al®' reported a 33-year-old male, BCD patient with
a scarred subfoveal MNV in the right eye and subretinal hemorrhage with active subfoveal MNV in the left eye. They
administrated three monthly ranibizumab injections into the left eye and the left eye maintained visual acuity with no recurrence
12 months after the final injection.®’ Hua et al*® described a 26-year-old male BCD patient with a right subfoveal MNV. Following
asingle dose of bevacizumab injection a recurrence was noted three months later.>® Han et al*” reported a 30-year-old female with
bilateral type 2 macular using OCTA and also OCT and demonstrated the thinning of the RPE and choriocapillaris layer, ellipsoid
zone (EZ) band defect, and active type 2 MNV in both eyes. The authors did not provide information about whether the patient
received treatment or not.*” We recently reported a 15-year-old Caucasian boy with Bietti crystalline dystrophy who was
diagnosed to have a unilateral MNV a year after the initial examination and he was treated with a single intravitreal ranibizumab
injection. Visual acuity improved and the macula stayed dry during the 15-month-long follow-up.®* Just very recently, LI et al**
retrospectively analyzed the presence of MNV in 157 eyes of 79 patients with BCD by the help of multimodal imaging and noticed
the presence of MNV in 19 eyes of 12 patients. Median age of these patients was 29.5 years (age range; 15-44 years). Seven cases
(58.3%) had bilateral involvement. All MNVs were type 2 membranes together with the subretinal hyperreflective material. While
active MNVs were noted in earlier disease stages, MNV activity was seemed to be reduced in advanced cases. Six eyes of five
patients received at least one injection of anti-VEGF (maximum 3 times), whereas seven subjects were treatment naive.*® Overall,
anti-vascular endothelial growth factor therapy has been reported to be effective for CNV regression and the improvement of
decreased vision.***>*° SS-OCTA features of a quiescent CN'V detected in an otherwise asymptomatic BCD patient are seen in
Figure 5.
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Figure 5 Associated macular neovascularization. Right eye, Color fundus image showing the hypopigmented looking well-demarcated lesion at the macula (A). The
horizontal SD-OCT section demonstrating the macular neovascularization (B,C). Optical coherence tomography angiographic slabs demonstrating the presence of
quiescent choroidal neovascularization (yellow arrows) (D-G).
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Cystoid Macular Edema

Cystoid macular edema (CME) is another rare complication of BCD and can be one of the main causes of central visual
deterioration. CME occurrence may be related to poor blood-retinal barrier function, localized intraretinal inflammation,
autoimmune processes, tangential vitreous traction, and/or reduced RPE function in the retinal dystrophies and the
authors suggested that the occurrence of macular cystoid spaces that was already altered by the atrophic process seemed
to be a more degenerative process than due to a blood-retina barrier breakdown in BCD patients.** Saatci et al®
described 27-year-old male BCD patient with bilateral CME. There was bilateral petaloid-type late hyperfluorescence
documented on fluorescein angiography. Though intraretinal crystals reduced in amount during a follow-up of six years
CME persisted angiographically and tomographically. No treatment was given to the patient. The treatment of CME in

association with BCD is still uncertain but systemic®® and topical®’

carbonic anhydrase enzyme inhibitors could be
beneficial in CME according to some case reports. Patients with diffuse RPE disease respond better to carbonic
anhydrase inhibitors than those with retinal vascular disease, such as diabetes or vascular occlusion.*®*® Figure 6

shows the features of a BCD patient with cystoid macular edema.

Macular Hole

Macular hole is a rare clinical feature of BCD but its pathogenesis is still somewhat undetermined. Neurosensorial retinal
detachment and subsequent central photoreceptor layer defect can be the result of tractional forces transmitted by the
Miiller cells.*® Abnormal posterior vitreous detachment and epiretinal membrane contraction may also contribute to the
formation of the partial or full thickness macular holes. Moreover, macular hole can also develop as the result of high
myopia and already existing cystoid macular edema.® Bagolini and Ioli-Spada* described the clinical features of eight
BCD patients of whom two had been previously followed by Bietti. Among these patients, a 31-year-old highly myopic
woman was diagnosed to have an unilateral macular hole together with bilateral retinal detachment. In 1997, we
described a 21-year-old man who developed a stage 4 full-thickness unilateral macular hole with a surrounding macular
detachment three years after our initial examination.*> More recently, we reported a 39-year-old woman with BCD who
developed an unilateral, full-thickness, slightly eccentric, visually asymptomatic macular hole with an intact foveola

Figure 6 Associated macular edema. Left eye, early venous (A) and late composite venous (B) fluorescein angiographic images revealing the increasing macular
hyperfluorescence. SD-OCT section showing the cystoid macular changes corresponding to macular edema (C).
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during our follow-up of 13 years.*’ Its full-thickness nature could be disclosed only in two consecutive B-scans 132 pm
apart and no surgery was recommended at that time as the visual acuity was relatively good and more frequent visits were
advised.*> Nourinia et al** reported a 42-year-old man with BCD who developed a full-thickness macular hole in the left
eye. They performed a left pars plana vitrectomy with the internal limiting membrane (ILM) peeling and gas injection.
One month after the surgery, the left macular hole was closed and visual acuity was improved from counting fingers at
2 m to 20/50.*° Figure 7 shows the appearance of a full-thickness macular hole in a BCD patient.

Incidental Fundus Changes

Bazvand et al reported” a 39-year-old woman with BCD and bilateral optic drusen that were detected incidentally as
they noticed bilateral hyperautofluorescent areas on the optic nerve head consistent with optic nerve head drusen and
large hypoautofluorescent areas at the posterior retina consistent with retinal pigment epithelium atrophy on FAF images.
We observed unilateral peripapillary myelinated retinal nerve fibers in a patient with BCD (Figure 8A—C). Ten years
later, we detected the presence of an asymptomatic retinal vein occlusion with optociliary shunt formation in the same
eye (Figure 8D and E).

Future Perspectives

It is difficult to perform studies about the disease pathogenesis and develop new therapeutical approaches because of the
clinical and genetic variations present in BCD. Thus, animal models of BCD are in limited number.'' The first murine
model was generated in 2014 in Cyp4v3~~ knockout mice, a murine ortholog of human CYP4V2, and successfully
mimicked the human BCD.?" This model was used for developing a gene therapy through subretinal delivery of human
CYP4V?2 carried by an adeno-associated virus (AAV2) vector. This therapeutical approach effectively treated BCD in

Figure 7 Associated macular hole. Left eye, color fundus image (A) delineating the extensive chorioretinal atrophy and choroidal sclerosis. FAF image (B) revealing the
multiple hypofluorescent patches corresponding to the posterior pole. SD-OCT section showing the presence of full -thickness hole (yellow arrow) (C,D).
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Figure 8 Incidental findings Right eye, Color fundus image (A) showing the scattered glistening crystals at the posterior pole and peripapillary myelinated nerve fiber (yellow arrow),
FAF image (B) demonstrating the patchy hypofluorescent areas with ill-demarcated hyperfluorescent borders at the posterior pole in 201 1. SD-OCT section (C) revealing the
hyperreflective deposits at the RPE — Bruch’s membrane complex, disruption, and loss of the EZ band. Composite color fundus image (D) demonstrating the marked chorioretinal
atrophy and attenuated retinal vessels with the optociliary shunt (green arrows) in 202 1. Composite venous fluorescein angiographic image (E) revealing the nonperfused areas related
to old central retinal vein occlusion detected in fluorescein angiography image shows extensive ischemic areas throughout posterior pole.

Cyp4v3~"~ knockout mice, which were also on a high-fat diet to induce retinopathy.”* Another animal model was
generated recently in zebrafish, which were knock-out for cyp4v7 and cyp4v8, homologous genes of CYP4)2, by
CRISPR/Cas9 technology.” This model showed that the peroxisome proliferator-activated receptor alpha (terim dogru
hocam) (PPARa) was impaired in the zebrafish and may be responsible for the abnormal lipid metabolism of the RPE
cells. Recently, two more murine models lacking Cyp4v3 were also generated.”**

There are also some cell models generated using the pluripotent stem cells of CYP4V2 mutated BCD patients to
understand the disease pathophysiology and develop treatment options.’®”” In a recent study, Wang et al showed that
AAV?2 vectors encoding codon optimization of CYP4)V2 were superior to AAV2 vectors encoding wild-type CYP4V2 in
terms of protein expression and enzyme activity in ARPE19, HEK293, and patient-induced pluripotent stem cells (iPSC)
which lack effective CYP472.°® In another study which was performed in RPE derived from human CYP4V2 mutant
iPSCs, the presence of mitochondrial stress resulting from the excessive accumulation of poly-unsaturated fatty acids was
shown to be a key factor of RPE degeneration in BCD.”’

Wu et al®® described the generation and characterization of a human-induced pluripotent stem cell line of BCD
patients with CYP4V2 mutations. The skin fibroblasts were derived and reprogrammed using a Sendai virus-based
approach. They suggested that this iPSC line from BCD patients can be used for patient-specific disease models to
develop new treatments.”®

There is currently an ongoing clinical study investigating gene replacement therapy in BCD patients that is being
conducted at Beijing Tongren Hospital. The study is intended to evaluate the safety and tolerability of a single subretinal

administration of VGR-RO1, which is a novel AAV vector carrying the human CYP4V2 sequence.”
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Conclusion
Bietti crystalline dystrophy is a rare, progressive retinochoroidal dystrophy due to mutations in the CYP4V2 gene.

Multimodal imaging modalities including optical coherence tomography and optical coherence tomography angiography

provide new insights into its natural course, progression, and related macular complications such as macular neovascu-

larization, macular hole, and cystoid macular edema. Studies on gene therapy hopefully may provide new treatment

options in the future.
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