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Other Macular Dystrophies 1

Joo Young Shin

Abstract

Various rare macular dystrophies have been 
reported with various prognoses, some with 
known causative genes with mutation. 
Diagnosis can be made clinically with typical 
cases, but many require genetic testing for 
confirmative diagnosis.
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13.1  Occult Macular Dystrophy

In 1989, Miyake et al first reported three patients 
from a family that a hereditary macular dystro-
phy with no visible fundus abnormality [1].

Occult macular dystrophy shows bilateral pro-
gressive decrease in vision of 20/25–20/200 [2], 
with severe color vision impairment in most 
cases [3]. Onset of symptom varies, but disease 
severity seems to be worse with earlier onset of 
symptoms [4].

Typically, fundus appearance and fluorescein 
angiography show no abnormalities [5], but mild 
hyper-autofluorescence can be seen at the mac-
ula, which can aid in the diagnosis [6]. Cone 
function is decreased on electroretinography 
(ERG), and rod function is preserved especially 
in young age [7]. Macular waves are decreased or 
nearly absent on multifocal ERG [8]. 
Photoreceptor layer and outer nuclear layer 
defects can be found on optical coherence tomog-
raphy [9–11]. Abnormal findings of multifocal 
ERG and optical coherence tomography were 
found to have significant correlation [12].

Most cases show autosomal dominant or spo-
radic inheritance patterns, and RP1L1 gene at 
8p23 has been identified to be related with occult 
macular dystrophy [13]. Missense mutations in 
this gene are considered as the cause, but the 
exact pathophysiologic mechanism remains 
uncertain [14].

13.2  Butterfly-Shaped Pigment 
Dystrophy (Pattern Dystrophy)

Since its first reported in 1970  in a family of 
four siblings and their offspring with pigmen-
tation in the macula in a butterfly-shaped pat-
tern, many studies have been reported on 
butterfly-shaped pigment dystrophy, or pattern 
dystrophy [15].

Decreased visual function or metamorphopsia 
may be present, but many cases are identified on 
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routine eye exams because vision is preserved and 
progression is slow in many cases [16]. Bilateral 
symmetric pigmentation can be observed show-
ing various shapes. Most cases show butterfly-
shaped pigmentation in deep layers of the central 
retina, thus pigmentation can be poorly visualized 
with red-free light. The fovea and foveal reflex are 
normal, and the superficial layers of the retina 
including retinal vessels and optic nerve and cho-
roid are normal. The butterfly- shaped pigmenta-
tion shows blocked fluorescence on fluorescein 
angiography with sharp margins. The photorecep-
tor layer and inner retinal layers are normal, and 
visual acuity, visual field, color vision, dark adap-
tation, and ERG are normal. Diffuse dysfunction 
of the retinal pigment epithelium causes abnormal 
electrooculography. On autopsy, photoreceptors 
and retinal pigment epithelium are lost in the 
areas of pigmentation, while choriocapillaris are 
normal. Lipofuscin accumulation can be observed 
outside the involved area.

Most cases are autosomal dominant [17]. 
Peripherin/RDS gene mutations are identified in 
many cases, but other genes associated with other 
macular dystrophies have also been found to be 
associated [18], and mutation in the CTNNA1 
gene has also been identified [19]. Some cases 
show incomplete penetrance as in vitelliform 
macular dystrophy, and carriers can be identified 
with electrooculography.

The typical pigmentation makes it readily 
discriminative from other inherited macular 
dystrophies, but macular dystrophy in Steinert–
Curschmann myotonic dystrophy shows similar 
appearance requiring differential diagnosis.

13.3  Sorsby Fundus Dystrophy

In 1949, Sorsby et al reported change in the fun-
dus resembling inflammation in the posterior 
pole [20]. Bilateral change in the fundus was 
observed with abrupt decrease of vision, with 
autosomal dominant inheritance pattern. This 
lesion was similar with autosomal dominant cen-
tral areolar choroidal dystrophy, and difficult to 
differentiate from disciform macular degenera-
tion or true inflammatory reactions.

Visual loss and nyctalopia in the third to fourth 
decades of life are typical, with prominent pre-
sentation in the 40s. Fastly progressing central 
scotoma with abrupt increase in size and depth 
causing visual loss within several months accom-
panied with decreased color vision is the usual 
presentation.

The first signs on fundoscopy include bilateral 
macular edema with hemorrhage and exudation, 
progressing to pigmentation and scar formation. 
Atrophy of the retinal pigment epithelium 
becomes prominent with time, and underlying 
choroidal vessels are visible. This process pro-
gresses to the periphery through 3–4 years, and 
abnormal pigmentation and retinal pigment epi-
thelium extend to the far periphery, resembling 
diffuse choroidal atrophy. Fluorescein angiogra-
phy findings vary according to the stage of the 
disease, with filling defect of the choriocapillaris 
in early stages, progressing to atrophy of the cho-
riocapillaris and prominent larger choroidal ves-
sels in late stages. Choroidal neovascularization 
or polypoidal choroidal vasculopathy has also 
been reported [21]. Dark adaptation is usually not 
affected, but sometimes delayed with progressed 
disease. ERG is normal, but b wave is decreased 
with decreased rod function with progression.

The typical pathologic finding of Sorsby fun-
dus dystrophy is lipid and protein accumulation 
between the Bruch’s membrane and retinal pig-
ment epithelium, up to 30 μm in some cases [22]. 
Subretinal hemorrhage and exudation can be 
present in some cases. Autosomal dominant 
inheritance is associated with mutation in 22q13, 
and tissue inhibitor of metalloproteinase-3 
(TIMP3) gene mutation is considered as the 
causative mutation.

Other retinal and choroidal dystrophies should 
be differentiated, including vitelliform macular 
dystrophy, which may have a similar appearance 
due to exudation. Diffuse choroiditis and disci-
form macular degeneration should also be differ-
entiated. Diffuse atrophy in the progressed stages 
can mimic diffuse atrophy due to high myopia, 
gyrate atrophy of the choroid, and choroideremia. 
Also, autosomal dominant central areolar choroi-
dal dystrophy should also be considered. 
Treatment includes anti-vascular endothelial 
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growth factor antibody injection for accompa-
nied choroidal neovascularization or polypoidal 
choroidal vasculopathy [23–25].

13.4  Bietti’s Crystalline 
Retinopathy

Crystalline retinopathy can be observed due to 
various causes, including toxic retinopathies, 
hereditary diseases, and chronic retinal detach-
ment, but this rare form of crystalline retinopathy 
was first reported in 1937 by Bietti, described as 
yellow-white crystalline lipid deposits in the ret-
ina and sometimes cornea with tapetoretinal 
degeneration. The cause is unknown, but abnor-
mality of the retinal pigment epithelium and dis-
ruption of the outer retinal blood barrier causing 
leak is the suspected pathophysiologic mecha-
nism. Various degrees of retinal pigment epithe-
lium and choriocapillaris loss are observed with 
crystalline deposits throughout all layers of the 
retina, also accompanied by superficial crystal-
line deposits in the corneal limbus [26, 27].

Typical crystalline deposits and choriocapil-
laris atrophy on fluorescein angiography usually 
lead to the diagnosis. Photoreceptor loss pro-
gresses with enlargement of this atrophy, and crys-
talline deposits disappear leaving  choriocapillaris 
atrophy, which can be observed on optical coher-
ence tomography [28, 29]. The size and location of 
the involved area determine the degree of involve-
ment of visual acuity, dark adaptation, and ERG 
findings, with decrease of ERG and increased 
severity of nyctalopia with progression.

Differentiation with retinitis pigmentosa is 
needed, and up to 3–10% of cases of retinitis pig-
mentosa showing autosomal recessive pattern 
had been identified as crystalline retinopathy in a 
previous report. Less retinal vascular sclerosis is 
observed in crystalline retinopathy, and ERG is 
relatively preserved [27].

On biopsy of the cornea, complex lipid inclu-
sions and cholesterol deposits were identified in 
fibroblasts and epithelial cells, also found in lym-
phocytes, leading to suspicion that abnormal sys-
temic lipid metabolism is involved in the 
pathophysiology [30].

Autosomal recessive inheritance in suspected, 
but autosomal dominant cases has also been 
reported. Mutation in CYP4V2, one of the cyto-
chrome p450 family, has been identified, which is 
involved in the metabolism of fatty acids. In a 
recent study on Korean and Japanese patients, 
over 50% of patients were found to have the 
c.802-8_810del17insGC mutation in both alleles, 
but was not associated with clinical severity [31].

13.5  Autosomal Dominant Radial 
Drusen (Doyne Honeycomb 
Retinal Dystrophy)

Autosomal dominant radial drusen are found 
inner to the Bruch’s membrane and are thought to 
be secreted from the retinal pigment epithelial 
cells. Initially patients are asymptomatic and 
identified through routine funduscopic examina-
tions, but eventually vision decreases accompa-
nied by metamorphopsia. Usually patients 
present in their 20s and 30s [32], with a few 
round yellowish brown lesions in their posterior 
poles that turn white later. In their middle-ages, 
multiple white discrete dots cover the posterior 
pole, in a mosaic or honeycomb pattern. Usually 
bilateral and symmetric, the drusen are larger 
near the fovea, and are round and white and dis-
crete compared to fundus flavimaculatus. As the 
disease progresses, the drusen near the center 
conglomerate, and retinal pigment epithelial 
atrophy appears in the retina. Pigmentation may 
increase and atrophy of the choriocapillaris and 
larger choroidal vessels occurs. Often drusen dis-
appear leaving atrophic areas. Usually autosomal 
dominant radial drusen progress in radial fashion 
from the macula and optic disk area, leaving the 
optic disk and vessels and far periphery intact. 
On fluorescein angiography, multiple round 
hyperfluorescent dots are visible in the arterial 
phase, which partially correspond with the 
lesions visible on fundoscopy. Areas of retinal 
pigment epithelial atrophy not definitely visible 
on fundoscopy can be visualized with fluorescein 
angiography. Large drusen do not show hyper-
fluorescence due to blockage of choroidal fluo-
rescence, while smaller ones allow visualization 
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of the underlying background hyperfluorescence 
of the choroid. The lesions show no leakage, 
sparing the optic nerve, retinal vessels, and 
peripheral retina. Choroidal neovascularization 
may occur, which can be observed on optical 
coherence tomography [33, 34]. Vision remains 
normal in the early stages, progressively declin-
ing in further stages. As deposits are accumulated 
under the retinal pigment epithelium toward the 
choroid, photoreceptors remain intact longer than 
in fundus flavimaculatus, but after 10–20 years, 
photoreceptor damage may occur. Vision loss is 
rare before 40, but may progresses to central sco-
toma. Color vision remains normal while visual 
function is spared as in other macular diseases. 
Dark adaptation is normal, but may be slightly 
decreased in advanced cases. ERG is normal, but 
increased b wave latency may be observed in 
advanced cases. Electrooculography is normal, 
but becomes subnormal with increased area of 
involvement. Symptoms and findings are usually 
less severe than fundus flavimaculatus.

Round accumulation of hyaline bodies in reti-
nal pigment epithelium is observed histologi-
cally. When compared to drusen in age-related 
macular degeneration, collagen type IV was 
found only in autosomal dominant radial drusen, 
but other components were similar [35].

Autosomal dominant inheritance with muta-
tion of the fibulin gene (EFEMP1) on chromo-
some 2 is reported as the genetic cause [36, 37].

Differentiation with degenerative drusen of 
age-related macular degeneration is required. 
Degenerative drusen can also be observed in 
other diseases such as hyalinosis cutis et mucosae 
(Urbach–Wiethe syndrome). Fundus flavimacu-
latus, fundus albipunctatus, and fleck retina of 
Kandori should also be differentiated.

13.6  Others

13.6.1  North Carolina Macular 
Dystrophy

North Carolina macular dystrophy was first 
reported in 1971 by Lefler et al in an Iris family 
in North Carolina with retinopathy and amino-
aciduria [38]. Symmetric bilateral large lesions 

are seen on the macula at birth, with no pro-
gression during lifetime. Mutation in the 
MCDR1 gene on 6q [39] involved in regulation 
of retinal transcription factor PRDM13 has 
been reported [40, 41].

13.6.2  Dominant Cystoid Macular 
Dystrophy

Initially cystoid macular edema occurs with 
progression to macular atrophy and surrounding 
pigmentation. Mild decrease in vision occurs in 
young patients, but progresses with age. The 
retinal vessels and optic nerve head are spared 
late into the disease. On fluorescein angiogra-
phy, typical capillary leak around the macula 
can be found, which progresses to window 
defects in atrophic areas. ERG is usually nor-
mal, but electrooculography is subnormal, also 
progressing with age. Yellow-blue and red-green 
color vision are all decreased. Initially the reti-
nal pigment epithelium is involved, but inner 
and outer blood retinal barrier seems to be bro-
ken down secondarily. Mutation at 7p15.3 is 
thought to be associated, but the exact gene has 
not been identified yet [42].

References

 1. Miyake Y, Ichikawa K, Shiose Y, Kawase 
Y.  Hereditary macular dystrophy without vis-
ible fundus abnormality. Am J Ophthalmol. 
1989;108(3):292–9.

 2. Ahn SJ, Cho SI, Ahn J, Park SS, Park KH, Woo 
SJ.  Clinical and genetic characteristics of Korean 
occult macular dystrophy patients. Invest Ophthalmol 
Vis Sci. 2013;54(7):4856–63.

 3. Kim YG, Baek SH, Moon SW, Lee HK, Kim 
US.  Analysis of spectral domain optical coherence 
tomography findings in occult macular dystrophy. 
Acta Ophthalmol. 2011;89(1):e52–6.

 4. Fujinami K, Yang L, Joo K, Tsunoda K, Kameya S, 
Hanazono G, et  al. Clinical and genetic characteris-
tics of east Asian patients with occult macular dys-
trophy (Miyake disease): East Asia occult macular 
dystrophy studies report number 1. Ophthalmology. 
2019;126(10):1432–44.

 5. Tsunoda K, Usui T, Hatase T, Yamai S, Fujinami K, 
Hanazono G, et  al. Clinical characteristics of occult 
macular dystrophy in family with mutation of RP1l1 
gene. Retina. 2012;32(6):1135–47.

J. Y. Shin



195

 6. Fujinami K, Tsunoda K, Hanazono G, Shinoda K, 
Ohde H, Miyake Y.  Fundus autofluorescence in 
autosomal dominant occult macular dystrophy. Arch 
Ophthalmol. 2011;129(5):597–602.

 7. Miyake Y, Horiguchi M, Tomita N, Kondo M, 
Tanikawa A, Takahashi H, et al. Occult macular dys-
trophy. Am J Ophthalmol. 1996;122(5):644–53.

 8. Piao CH, Kondo M, Tanikawa A, Terasaki H, Miyake 
Y. Multifocal electroretinogram in occult macular dys-
trophy. Invest Ophthalmol Vis Sci. 2000;41(2):513–7.

 9. Park SJ, Woo SJ, Park KH, Hwang JM, Chung 
H.  Morphologic photoreceptor abnormality in 
occult macular dystrophy on spectral-domain optical 
coherence tomography. Invest Ophthalmol Vis Sci. 
2010;51(7):3673–9.

 10. Ahn SJ, Ahn J, Park KH, Woo SJ. Multimodal imag-
ing of occult macular dystrophy. JAMA Ophthalmol. 
2013;131(7):880–90.

 11. Kitaguchi Y, Kusaka S, Yamaguchi T, Mihashi T, 
Fujikado T. Detection of photoreceptor disruption by 
adaptive optics fundus imaging and Fourier-domain 
optical coherence tomography in eyes with occult 
macular dystrophy. Clin Ophthalmol. 2011;5:345–51.

 12. Yang L, Joo K, Tsunoda K, Kondo M, Fujinami- 
Yokokawa Y, Arno G, et  al. Spatial functional char-
acteristics of east Asian patients with occult macular 
dystrophy (Miyake disease); EAOMD report no. 2. 
Am J Ophthalmol. 2021;221:169–80.

 13. Akahori M, Tsunoda K, Miyake Y, Fukuda Y, Ishiura 
H, Tsuji S, et al. Dominant mutations in RP1L1 are 
responsible for occult macular dystrophy. Am J Hum 
Genet. 2010;87(3):424–9.

 14. Chen CJ, Scholl HP, Birch DG, Iwata T, Miller NR, 
Goldberg MF.  Characterizing the phenotype and 
 genotype of a family with occult macular dystrophy. 
Arch Ophthalmol. 2012;130(12):1554–9.

 15. Deutman AF, van Blommestein JD, Henkes HE, 
Waardenburg PJ, Solleveld-van DE. Butterfly-shaped 
pigment dystrophy of the fovea. Arch Ophthalmol. 
1970;83(5):558–69.

 16. Zhang K, Garibaldi DC, Li Y, Green WR, Zack 
DJ.  Butterfly-shaped pattern dystrophy: a genetic, 
clinical, and histopathological report. Arch 
Ophthalmol. 2002;120(4):485–90.

 17. Khoubian FJ, Shakin EP, Tantri A, Kim DY, Edwards 
AO, Donoso LA. Autosomal dominant pattern dystro-
phy: identification of a novel splice site mutation in the 
peripherin/RDS gene. Retina. 2005;25(8):999–1004.

 18. Boon CJ, den Hollander AI, Hoyng CB, Cremers FP, 
Klevering BJ, Keunen JE.  The spectrum of retinal 
dystrophies caused by mutations in the peripherin/
RDS gene. Prog Retin Eye Res. 2008;27(2):213–35.

 19. Saksens NT, Krebs MP, Schoenmaker-Koller FE, 
Hicks W, Yu M, Shi L, et al. Mutations in CTNNA1 
cause butterfly-shaped pigment dystrophy and per-
turbed retinal pigment epithelium integrity. Nat 
Genet. 2016;48(2):144–51.

 20. Sorsby A, Mason ME.  A fundus dystrophy with 
unusual features. Br J Ophthalmol. 1949;33(2):67–97.

 21. Koutresi D, Clarke B, Lotery AJ, De Salvo G. Sorsby 
fundus dystrophy with polypoidal choroidal vascu-
lopathy: Extending TIMP3 phenotypes. Clin Exp 
Ophthalmol. 2019;47(9):1214–8.

 22. Capon MR, Marshall J, Krafft JI, Alexander RA, 
Hiscott PS, Bird AC.  Sorsby’s fundus dystrophy. A 
light and electron microscopic study. Ophthalmology. 
1989;96(12):1769–77.

 23. Gliem M, Muller PL, Mangold E, Holz FG, Bolz 
HJ, Stohr H, et  al. Sorsby fundus dystrophy: novel 
mutations, novel phenotypic characteristics, and 
treatment outcomes. Invest Ophthalmol Vis Sci. 
2015;56(4):2664–76.

 24. Spaide RF.  Long-term visual acuity preservation in 
Sorsby fundus dystrophy with corticosteroid treat-
ment. Retin Cases Brief Rep. 2019; https://doi.
org/10.1097/ICB.0000000000000946.

 25. Gemenetzi MK, Luff AJ, Lotery AJ. Successful treat-
ment of choroidal neovascularization secondary to 
sorsby fundus dystrophy with intravitreal bevaci-
zumab. Retin Cases Brief Rep. 2011;5(2):132–5.

 26. Ahmed I, McDonald HR, Schatz H, Johnson RN, Ai 
E, Cruess AF, et al. Crystalline retinopathy associated 
with chronic retinal detachment. Arch Ophthalmol. 
1998;116(11):1449–53.

 27. Bernauer W, Daicker B.  Bietti’s corneal- retinal 
dystrophy. A 16-year progression. Retina. 
1992;12(1):18–20.

 28. Miyata M, Oishi A, Hasegawa T, Ishihara K, Oishi M, 
Ogino K, et al. Choriocapillaris flow deficit in Bietti 
crystalline dystrophy detected using optical coher-
ence tomography angiography. Br J Ophthalmol. 
2018;102(9):1208–12.

 29. Hirashima T, Miyata M, Ishihara K, Hasegawa T, 
Sugahara M, Ogino K, et  al. Choroidal vasculature 
in Bietti crystalline dystrophy with CYP4V2 muta-
tions and in retinitis pigmentosa with EYS mutations. 
Invest Ophthalmol Vis Sci. 2017;58(10):3871–8.

 30. Wilson DJ, Weleber RG, Klein ML, Welch RB, 
Green WR.  Bietti’s crystalline dystrophy. A clini-
copathologic correlative study. Arch Ophthalmol. 
1989;107(2):213–21.

 31. Murakami Y, Koyanagi Y, Fukushima M, Yoshimura 
M, Fujiwara K, Akiyama M, et al. Genotype and long- 
term clinical course of Bietti crystalline dystrophy in 
Korean and Japanese patients. Ophthalmol Retina. 
2021; https://doi.org/10.1016/j.oret.2021.02.009.

 32. Tsang SH, Sharma T. Doyne honeycomb retinal dys-
trophy (malattia leventinese, autosomal dominant 
drusen). Adv Exp Med Biol. 2018;1085:97–102.

 33. Serra R, Coscas F, Messaoudi N, Srour M, Souied 
E.  Choroidal neovascularization in malattia leventi-
nese diagnosed using optical coherence tomography 
angiography. Am J Ophthalmol. 2017;176:108–17.

 34. Corbelli E, Corvi F, Carnevali A, Querques L, 
Zucchiatti I, Bandello F, et  al. Optical coherence 
tomography angiography demonstration of choroidal 
neovascularization in malattia leventinese. Ophthalmic 
Surg Lasers Imaging Retina. 2016;47(6):602–4.

13 Other Macular Dystrophies 1

https://doi.org/10.1097/ICB.0000000000000946
https://doi.org/10.1097/ICB.0000000000000946
https://doi.org/10.1016/j.oret.2021.02.009


196

 35. Sohn EH, Wang K, Thompson S, Riker MJ, Hoffmann 
JM, Stone EM, et  al. Comparison of drusen and 
modifying genes in autosomal dominant radial dru-
sen and age-related macular degeneration. Retina. 
2015;35(1):48–57.

 36. Stone EM, Lotery AJ, Munier FL, Heon E, Piguet 
B, Guymer RH, et  al. A single EFEMP1 muta-
tion associated with both Malattia Leventinese and 
Doyne honeycomb retinal dystrophy. Nat Genet. 
1999;22(2):199–202.

 37. Zhang K, Sun X, Chen Y, Zhong Q, Lin L, Gao Y, 
et  al. Doyne honeycomb retinal dystrophy/malat-
tia leventinese induced by EFEMP1 mutation in a 
Chinese family. BMC Ophthalmol. 2018;18(1):318.

 38. Lefler WH, Wadsworth JA, Sidbury JB Jr. Hereditary 
macular degeneration and amino-aciduria. Am J 
Ophthalmol. 1971;71(1 Pt 2):224–30.

 39. Small KW, Weber JL, Roses A, Lennon F, Vance 
JM, Pericak-Vance MA.  North Carolina macular 
dystrophy is assigned to chromosome 6. Genomics. 
1992;13(3):681–5.

 40. Weleber RG.  Dysregulation of retinal transcription 
factor PRDM13 and North Carolina macular dystro-
phy. Ophthalmology. 2016;123(1):2–4.

 41. Small KW, DeLuca AP, Whitmore SS, Rosenberg T, 
Silva-Garcia R, Udar N, et al. North Carolina macu-
lar dystrophy is caused by dysregulation of the reti-
nal transcription factor PRDM13. Ophthalmology. 
2016;123(1):9–18.

 42. Saksens NT, van Huet RA, van Lith-Verhoeven JJ, 
den Hollander AI, Hoyng CB, Boon CJ.  Dominant 
cystoid macular dystrophy. Ophthalmology. 
2015;122(1):180–91.

J. Y. Shin


	13: Other Macular Dystrophies 1
	13.1	 Occult Macular Dystrophy
	13.2	 Butterfly-Shaped Pigment Dystrophy (Pattern Dystrophy)
	13.3	 Sorsby Fundus Dystrophy
	13.4	 Bietti’s Crystalline Retinopathy
	13.5	 Autosomal Dominant Radial Drusen (Doyne Honeycomb Retinal Dystrophy)
	13.6	 Others
	13.6.1	 North Carolina Macular Dystrophy
	13.6.2	 Dominant Cystoid Macular Dystrophy

	References


