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Modern diagnostic and therapeutic approaches in familial maculopathy with
reference to North Carolina macular dystrophy

Jana Nekolova?, Alexandr Stepanov?, Bohdan Kousal®<, Marketa Stredova?, Nada Jiraskova?

Aims. We present a familial hereditary macular dystrophy, resembling North Carolina Macular Dystrophy. In members
of a family, we describe the development of diagnostic-therapeutic approaches and their impact on the prognosis of
those whose vision was affected.

Methods. The macular dystrophy of varying degrees of severity was diagnosed in 3 consecutive generations in differ-
ent family members, both men and women. Modern therapeutic tools were used for the diagnostics. In one patient
of the youngest generation, the development of secondary choroidal neovascularization (CNV) was identified and
treated with an anti-VEGF (vascular endothelial growth factor) agent. DNA was isolated from venous blood and genome
sequencing was performed in a proband.

Results. We analysed the data of 13 members of one family of three consecutive generations. Six of them had macular
dystrophy. The first were two of three siblings, a woman (73 years old) and a man (67). The offspring of the afflicted man,
afemale (36) and a male (80), had maculopathy. The first daughter of the woman (12) revealed findings of maculopathy
but with normal electrical activity of the retina. The second girl (18), developed secondary CNV which responded well to
intravitreal anti-VEGF treatment. Genetic analysis excluded mutations previously reported to be pathogenic for NCMD.
Conclusion. If there is a maculopathy of unclear etiology in younger patients or in patients with unclear development
or appearance, it is advisable to focus carefully on the family history and trace the occurrence of impaired vision in

other family members.
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INTRODUCTION

Hereditary macular dystrophies are a heterogeneous
group of congenital diseases of the macula which manifest
as bilateral involvement with variable onset but most often
between 10 and 30 years of age'. All types of inheritance
of these diseases have been found: autosomal dominant
or recessive, X-linked and mitochondrial, with varying
degrees of gene penetration. They are relatively rare, the
diagnostics is poorly described and hence there is often
a phenotype-based classification that remains unsatisfac-
tory®. Further, the classification of macular dystrophies
is inconsistent and evolves with further knowledge in
the field. The macula is affected by atrophy, deposition of
pathological material, and/or the development of patho-
logical secondary choroidal neovascularization (CNV).
One consequence is often a decrease in central visual
acuity as the main handicap in these patients. The most
common macular dystrophies are Best and Stargardt's
diseases, autosomal dominant drusen with macular degen-
eration, various types of macular grid dystrophy, as well
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as central areolar choroidal macular dystrophy or North
Carolina Macular Dystrophy (NCMD). The latter is a
rare genetically linked disease characterized by bilateral
and often relatively symmetric maculopathy. This dystro-
phy may be complicated by the development of choroi-
dal neovascularization and accompanied by a significant
decrease in visual acuity while the disease itself is often
stable or not progressive with a peak deterioration around
12 years of age. It was first reported by Lefler, Wadsworth,
and Sidbury in a family originating in Ireland and who
settled in the mountains of North Carolina, United States,
in the early 1800s, when the authors observed in addi-
tion to maculopathy, the occurrence of aminoaciduria in
some members of the family’. The heredity is autosomal
dominant but can take different forms in individual fam-
ily members. Traditionally, it is classified as three grades.
Grade I consists of drusen-like deposits and retinal pig-
ment epithelium (RPE) mottling in the parafoveal area.
Grade II consists of confluent drusen, RPE atrophy and
disciform scarring of the macula and grade III is severe
chorioretinal atrophy of the macula which may appear
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similar to chorioretinal coloboma or staphyloma*. Other
congenital macular diseases are rarer.

Due to the examination and imaging technologies
which are now available, the possibility of genetic testing
and better communication between patient and physician,
the diagnosis of macular pathologies is easier than in the
past. It is not difficult to trace other family members who
suffer from the same disease. Advanced therapy is cur-
rently available and treat pathologies that would other-
wise lead to poor vision and handicap the patient's life.
However, despite all the progress, it is not always possible
to make a clear diagnosis.

The aim of this article was to present familial heredi-
tary macular dystrophy (HMD) most resembling NCMD,
which has not been confirmed by genetic testing and for
which no causative gene has not been found yet. Through
the members of this family, we will demonstrate the de-
velopment of modern diagnostic-therapeutic methods and
their impact on the prognosis of vision in those affected.

MATERIALS AND METHODS

This is a family in which we diagnosed macular dys-
trophy of varying degrees of severity in 3 consecutive
generations in different family members, both men and
women. Modern technologies including optical coher-
ence tomography (OCT), OCT angiography (OCTA),
fluorescent angiography (FA), and electrophysiological
examination were used in the diagnosis. Visual acuity
of the patients was always tested using Snellen charts
or ETDRS optotypes and intraocular pressure was mea-
sured noninvasively. The anterior segment and then the
posterior segment in artificially dilated pupil were exam-
ined. Optical coherence tomography was performed on
a Cirrus HD-OCT Model 4000 (Carl Zeiss, Germany)
and Heidelberg Spectralis (Spectralis HRA; Heidelberg
Engineering, Heidelberg, Germany), where the central ret-
inal thickness was measured and anatomical ratios were
calculated. Sodium fluorescein 100 mg/mL was adminis-
tered intravenously for FA and fundus images were taken
on a Zeiss Visucam 500 cameras. OCT angiography was
performed with a Heidelberg-Engineering Spectralis OCT
(Spectralis HRA; Germany). Colour vision was examined
in a Lanthony D-15 saturated and desaturated assay.

Assessment of reaction and hence retinal function in
selected individuals was performed non-invasively and ob-
jectively using an electroretinogram. Retinal activity was
tested electrophysiologically by a full-field ERG stimulat-
ing. All ERGs were measured according to the ISCEV
standards®. Scotopic and maximal retinal activity were
measured after 20 min dark adaptation as well as phot-
opic retinal activity, oscillation potential and 50Hz flicker
after 5 min light adaptation. The measurements were per-
formed in artificial mydriasis, all using a Roland Consult
Science Tool Reti-scan. The central retinal function was
also measured using the multifocal electroretinography
mode on the same instrument. To obtain partial retinal
reactions, a bright image composed of many hexagons
was presented on the monitor screen. When measuring,
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the brightness of each hexagon was monitored by a binary
function that was associated with each hexagon. Based on
the binary sequence over time, a series of images was cre-
ated, each image consisting of a combination of black and
white hexagons. The result was a flashing stimulus that
was composed of different images at each step. The size of
the hexagons was set with respect to the retinal sensitivity
(in the centre these are 4 X smaller than at the periphery).
The total stimulated field was approximately 30 degrees.
Responses to stimuli were sensed using electrodes located
on the cornea of the patient's eye. The active electrodes
were of the DTL type located below the pupil of both
eyes. The signal obtained was a summarised mixture of
all responses obtained from each stimulated area of the
retina. Noise was minimised by averaging the results of
many recording cycles and a specialised 50 Hz smoothing
frequency filter. Appropriate electrodes were attached to
the patient. The patient's skin was properly cleaned and
degreased prior to electrode application. Cup electrodes
were used as ground and reference electrodes and placed
on the forehead and on the temples. Impedances of ref-
erence and DTL electrodes were below 5 kQ) and below
10 kQ for the ground electrode. Patient was placed in
front of the monitor so that the eyes were centred on
the screen. Electrooculography was then used to exclude
morbus Best.

Genetic testing was performed at the Research Unit for
Rare Diseases, Department of Pediatrics and Adolescent
Medicine, First Faculty of Medicine, Charles University
and General University Hospital in Prague. DNA from
the three individuals (P.4-6) was extracted from venous
blood using Gentra Puregene blood kit (Qiagen, Hilden,
Germany) and the proband (P.4) underwent genome
sequencing. It was analysed by genome sequencing us-
ing a TruSeq Nano DNA library preparation kit and a
HiSeq X Ten sequencer (Illumina, Inc., San Diego, CA,
USA). FASTQ reads were aligned to the GRCh38/hg38
human reference sequence using the Burrows-Wheeler
Alignment tool®. Variant calling was performed with
HaplotypeCaller’. Sequencing data were visualized with
the Integrated Genomics Viewer (IGV) (Broad institute,
California, USA) (ref.?).

The population frequency of the identified variants
was retrieved from the Genome Aggregation Database
(gnomAD v3.1), providing whole genome sequencing
data of 76,156 unrelated individuals of various ethnic
backgrounds®. Known loci implicated in the pathogen-
esis of NCMD (chromosome 5p15-p13 and chromosome
6q16) (ref.!%) were prioritized based on the phenotype and
further investigated for the presence of likely pathogenic
variants.

In one patient of the youngest generation (P.6), the
development of secondary CNV (type 2 of macular neo-
vascularization according to the classification of macu-
lar neovascularizations from the Consensus published by
Spaide'), which responded well to anti-VEGF treatment
with ranibizumab 0.5 mg in 0.05 mL, was recorded. The
treatment was carried out in the pro re-nata (PRN) regi-
men, ie the first three monthly injections were followed by
controls, evaluating signs of CNV activity by OCT (intra
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and subretinal fluid, RPE ablation). The patient improved
significantly after the first three doses and no signs of
CNV activity were noted. The results of this therapy have
been carefully monitored.

RESULTS

In total, ocular data from 13 members of one family
of 3 consecutive generations were analysed, 6 of whom,
2 men and 4 women, were shown to be afflicted with
macular dystrophy. The first identified patients were
two of three siblings, a woman (73 years old) and a man
(67 years old). Their middle brother, 69 years old, was

demonstrably not affected. Descendants of the woman
and her children were also not demonstrably affected.
On the other hand, the offspring of the affected man,
a woman (36 years old) and a man (40 years old), had
pathological findings in the macula. The sons of the man
refused to attend the examinations, while the daughters
of the woman were tested in detail, including using elec-
trophysiological methods.

Patient 1, a female, 73 years old, was observed for reti-
nal dystrophy from 6 years of age, her vision deteriorated
after whooping cough, and her visual acuity decreased
further after delivery and after menopause. At the last
examination in 2019, the best corrected visual acuity of
the right eye was 20/50 and the left eye was 20/160 4x.

Fig.1 A-D. Patient 1. The fundoscopy revealed large bilateral lesions of the RPE affecting the macular area,
long-term stable findings, worse left eye. 1A. right eye 15 years before and 1B. right eye, current finding.
1C. left eye 15 years before and 1D. left eye, current finding. 1E. Patient 3. Fundus photography of the left
eye. Beaten- bronze-like pigment changes in the macula. 1F. Patient 4. Fundus photography of the left eye.
Yellowish-white foci encircled by hypopigmented halos in the macula, surrounded by hyperpigmentation.
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Fig. 2.A-D Patient 4. 2A. OCT of the right eye: foveal depression is present, focal RPE damage. 2B. OCT of
the left eye: focal neurosensory detachment, area of the RPE damage. 2C. (Right eye) and 2D. (Left eye) FAF:
The focal increased pattern with several well-defined spots with markedly increased FAF surrounded by a halo
of decreased FAF. 2E-F. Patient 5. Fundus photography, non-volatile yellowish-white lesions in the macula.
2E. Right eye. 2F. Left eye.

The fundoscopy revealed large bilateral lesions of the
RPE affecting the macular area completely. Comparing
the available photodocumentation, this was a long-term
stable finding, without progression over time (Fig. 1 A-D).
Both the children of the patient and their children had no
signs of retinal dystrophy.

Patient 2, a male, 67 years old, had a long-term stable
finding of maculopathy of the appearance of RPE defects
but his visual acuity remains normal. His children were
affected (patient 3 and 4).

Patient 3, a male, age of 40, with normal visual acu-
ity, but findings in the macula with beaten- bronze-like
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pigment changes were evident which are invariant over
time (Fig. 1 E). His two sons also had no visual impair-
ments. They did not attend the fundus examination in
mydriasis.

Patient 4, a female, 36 years old, had yellowish-white
foci encircled by hypopigmented halos in the macula,
more in the left eye, where the focal point was about 1 pu-
pillary diameter, surrounded by hyperpigmentation. The
other retina showed no pathologies, visual acuity was nor-
mal (Fig. 1 F, Fig. 2 A-D). Her daughters were affected.

Patient 5, a girl, 12 years old, was examined for the
finding of maculopathy with individual non-volatile yel-



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2022 Dec; 166(4):418-427.

Amplitudes P1 Amplitudes P1

i

T1.00uv
50,0ms
—
Amp.P1 [nV/deg?] 20 0ms/di]
3D Amplitudes P1 3D Amplitudes P1 (Limit Check With Normal DB)
20 10° ) 10 20° 20° 10 o) 10 20
L I I I )y L 1 1 I J
100
I nV/deg?
0
Amplitudes P1 Amplitudes P1

&

T1.00pv
50,0ms
—
Amp.P1 [nV/deg?] 20 Dms/di]
3D Amplitudes P1 3D Amplitudes P1 (Limit Check With Normal DB)
20 10 0 10 20° 20° 10 0 10 20
L I | I ] L 1 1 1 J
100

I nV/deg?
I 0

Fig. 3A-B. Patient 6. 3A. Multifocal ERG (mfERG) of the right eye, normal local and average responses. 3B. MfERG of the left
eye before treatment, foveal area showed decreased responses (foveal activity was 40% of the laboratory standard), the others
responses were unaffected.
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Fig. 4 A-F. Patient 6. 4A. Fluorescein angiography (FA) of the left eye, arteriovenous phase: gradually increasing
hyperfluorescence due to classical submacular neovascularization in the lower part of the macula, blockade of
fluorescence due to hemorrhages around the lesion, pooling of neuroretinal ablations, window defects of RPE.
4B. OCT angiography of the left eye, Type 2 of CNV in the avascular layer of the neuroretina. 4C. Fundus photog-
raphy of the left eye. Circular plaques of coalescing yellowish-white masses, hypopigmented halos in the vicinity,
gross pigment deposits and area of RPE atrophy with sub-macular haemorrhage due to CNV. 4D. Fundus pho-
tography of the left eye after treatment. Disappearance of the submacular haemorrhage, improvement. 4E. OCT
of the left eye before treatment, OCT scan shows an inaccurately delineated lesion of mixed moderate reflectivity
in the lower part of the macula with serous parafoveal neurosensory detachment, area of the RPE damage and
4F. improvement after antiVEGF therapy.
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lowish-white lesions, with RPE structural changes and
atrophy, which were detected during routine preventive
examination (Fig. 2 E-F). However, her visual acuity as
well as the electrical activity of the retina were normal.

Patient 6, a girl, 18 years old, was one of the most
affected of the family. In her macula, bilateral paler de-
posits with dot-like RPE changes were detected as early
as one year of life. However, the patient had preserved
visual acuity. Due to the maculopathy, she was referred for
examination to our clinic at her age of 15 years. A week
before the examination, she reported a gradual decrease
of the visual acuity of the left eye and metamorphopsia.
Her visual acuity was 20/20 of the right eye and 20/80
of the left eye. The fundus autofluorescence showed a
focal increased pattern with several well-defined spots
with markedly increased FAF surrounded by a halo of
decreased FAF. Normal retinal electrical activity (ERG,
electrooculography) was measured by electrophysiological
methods, there were decreased responses in the multifo-
cal ERG of the left foveal area; the left foveal activity
was 40% of the laboratory standard, the others average
and local responses were unaffected (Fig. 3). We per-
formed OCT, FA and OCTA examinations. During FAG
of the right eye there were window defects of RPE, no
signs of leakage and in the left eye, there was gradually
increasing hyperfluorescence due to classical submacu-
lar neovascularization in the lower part of the macula,
blockage of fluorescence due to hemorrhages around
the lesion, pooling of neuroretinal ablations, window de-
fects of RPE (Fig. 4 A). OCT angiography of the left eye
demonstrated type 2 CNV in the avascular layer of the
neuroretina (Fig. 4 B). The findings in the macula were
bilateral circular plaques of coalescing yellowish-white
masses, in the right eye there was hyperpigmentation in
the macula, hypopigmented halos in the vicinity, gross
pigment deposits and area of RPE atrophy. In the left
eye there was a submacular haemorrhage with retinal
oedema and neuroretinal ablation, the mid-periphery of
the retina and further was normal (Fig. 4 C). The find-
ing was concluded as hereditary macular dystrophy v.s.
North Carolina, in the left eye complicated by secondary
CNV. The patient was then given in total three monthly
intravitreal injections of ranibizumab. Visual acuity of the
left eye has improved to 20/25 and has remained stable for
the entire follow-up period (3 years). The anatomical find-
ing according to fundus photography and OCT improved
significantly, only the fine ablation of RPE due to scarring
CNYV remained, neuroretina had no signs of edema, sub-
macular haemorrhage disappeared and the patient's sub-
jective complaints improved (Fig. 4 D). Linear horizontal
transfoveolar OCT scan showed a foveal depression and
minimal subretinal fluid and RPE damage in the right eye
and there was an inaccurately delineated lesion of mixed
moderate reflectivity in the lower part of the macula with
serous ablation of the neuroretina in the left eye (Fig. 4 E)
before treatment which disappeared after 3 injections of
ranibizumab (Fig. 4 F). The patient continues to attend
our clinic at regular intervals.

Electrooculography was also performed on the pa-
tients 4-6 to exclude Best's disease and it was normal in

all cases (Arden ratio ranged from 2.1 to 2.6). Colour vi-
sion was normal in these individuals. Intraocular pressure
was normal in all cases and ranged from 12 to 22 mm Hg.

The genetic test was negative. No possibly pathogenic
variants were identified using the methodology described
in Methods section.

DISCUSSION

Historically, macular dystrophies were defined as a
heterogenous group of congenital disorders that have oph-
thalmoscopically visible abnormalities in the area of the
retina center surrounded by temporal vascular arcades'?.
This definition is not sufficient today. Currently, macular
dystrophies include diseases that have Mendelian inheri-
tance that are isolated only to the eyes and are observable
in the macula. The reasons why some diseases affect only
the macula are not clearly defined. It may be related to an-
atomical differences in density, structure and composition
of choriocapillaris, Bruch's membrane, RPE and photore-
ceptor cells'?. There are today many known genes causing
macular dystrophy but many of them remain undetected.
There is also no correlation between clinical findings in
carriers of equally affected genes, and similar findings are
seen in different genetic mutations. All this beleaguers di-
agnosis and hence treatment and estimation of prognosis
in such affected patients. We encountered similar pitfalls
in the individual members of the monitored family. Their
phenotype is most reminiscent of the NCMD.

Macular dystrophy of the North Carolina type is a
rare genetically linked disease characterized by bilateral
and often relatively symmetrical maculopathy. This can
impair visual acuity and in advanced stages, lead to the
development of choroidal neovascularization and marked
decrease in visual acuity. It is an autosomal dominant dis-
ease with complete penetration but different expression.
The greatest deterioration is between 10-20 years of age*.

Several types of NCMD are described but data from
publications vary. Audere and Small assign MCDRI1-
3 to NCMD (ref.!%31%), while Michaelides and Moore
assign MCDR3 to NCMD-like diseases'®. None of the
MCDRI1-3 types have been attributed to any particular
gene; there are only linkage data available for the selected
loci. Historically MCDR1 (MC- macular, D- dystrophy, R-
retinal, 1-first) macular degeneration reliably genetically
mapped was analysed more intensively and in a large kin-
dred of 2000 individuals. The genetic locus 6q16 has been
described and it most probably will contain the MCDR1
causative gene!”. The MCDR?2 type is caused by a muta-
tion in the PROM1 gene on chromosome 4p15. North
Carolina macular dystrophy exists worldwide and does
not emanate from a single family from North Carolina. In
2010, Rosenberg et al. described a family in Scandinavia
and performed linkage analysis for ten members of the
family'®. The results overlap with the previously reported
5p13-p15 region for MCDR3 containing more than 55
genes.

In many genetic diseases, changes in the DNA that
cause the disease are in genes and they alter the instruc-
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tions for making the protein. However, the pathogenic
variations that cause NCMD are probably in the non-
coding areas of the DNA. These regions of the DNA may
control when the proteins are made from other nearby
genes (gene expression) (ref.*). It was found that patho-
genic variations in the MCDR1 locus are in non-coding re-
gions close to the PRDM 13 gene. The protein made from
the PDRM 13 gene is probably important for development
of macula. It is likely that MCDR3 locus is also involved
in controlling when other genes are turned on (gene ex-
pression). The changes in the MCDR3 locus that cause
NCMD may affect the expression of the IRX1 gene'.
Autosomal dominant macular dystrophy with early devel-
opment resembling North Carolina, called MCDR3, has
been described in a British pedigree®®. The patient's visual
acuity ranged from 20/20 to 20/200. Pathological changes
on the retina were limited to the macular area only, from
mild pigment changes of RPE to atrophy. Deposits similar
to drusen of varying degrees are typical of this pheno-
type. The described complication was the formation of
CNV. EOG and ERG examinations were normal, sug-
gesting that there was no generalised retinal dysfunction.
The only significant differences between this phenotype
and MCDR1 were that in MCDR3, the colour vision was
abnormal in most affected individuals and in one case the
disease progressed'®. A Danish family with a phenotype
corresponding to MCDR3 has also been described'®. In
both families, association with MCDR 1 was excluded, but
binding to chromosome 5p13.1-p15.33 was confirmed'®2,
The exact gene has not yet been identified’.

Another North Carolina-like macular dystrophy is
MCDR4, which in addition to typical maculopathy also
has progressive sensorineural hearing loss. A family from
the United Kingdom was described where the visual acu-
ity ranged from 20/32 to hand motion?'. Progressive sen-
sorineural deafness was present in all affected individuals
over 20 years of age. Genotyping excluded binding to the
MCDRI1 locus, suggesting binding to chromosome 14q.
The last type of North Carolina-like macular dystrophy
is the Sorsby syndrome which is accompanied by digital
anomalies'S.

Of these three types of North Carolina-like macular
dystrophies described, due to the lack of other congenital
anomalies such as finger anomaly or progressive deaf-
ness, it would most closely match the first type, MCDR3,
although colour vision was not altered in our sample. It
is therefore possible that this is another type of North
Carolina-like macular dystrophy that has not yet been de-
scribed in the literature.

There was another macular dystrophy considered in
the differential diagnosis- a progressive bifocal chorio-
retinal atrophy (PBCRA). It is an autosomal dominant
retinal dystrophy characterized by large atrophic macu-
lar lesions and chorioretinal atrophy nasal to the optic
disc. The gene for PBCRA is linked to chromosome 6q,
near the genomic assignment for NCMD. Visual acuity
in patients with PBCRA did not correlate with the sever-
ity of maculopathy; it was better than expected given the
extent of affected retina. However, horizontal nystagmoid
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oscillations, chorioretinal atrophy nasal to the optic disc
and pathological ERG described in patients with PBCRA
(ref.??) were not found in the observed family.

In the observed family there were individuals with
low-vision impairment (patient 1) but most of the family
members achieved satisfactory vision despite extensive
changes in the macula. The development of the disease
was also different in individual family members, ranging
from a stabilised condition in most family members to
progressive disease with complications of secondary CNV
in puberty (patient 6).

The most common cause of CNV is age-related macu-
lar degeneration, which, if left untreated, leads to a signifi-
cant decrease in visual acuity in patients over 55 years of
age?*?6, Other causes of CNV include pathological myo-
pia®™%, polypoidal choroidal vasculopathy*®3?, presumed
ocular histoplasmosis syndrome??, angioid streaks3*35,
uveitis®, choroidal rupture or trauma, central serous
chorioretinopathy, macular dystrophy*”° and idiopathic
CNV. Choroidal neovascularization for reasons other
than AMD and pathological myopia is rare and usually
occurs in working-age adults*.

NCMD was initially considered to be slowly progres-
sive, but a subsequent review found the condition to be
developmental with variable non progressive retinal find-
ings*?. In rare cases, CNV can involve developing visual
changes in both young!®* and older patients with NCMD
(ref.’®). There is only one published case with NCMD
with CNV and anti-vascular endothelial growth factor
treatment in a 60-year-old patient**. In contrast to this
patient at an age typical for the development of AMD,
we describe the case of a young patient with a finding of
secondary CNV (type 2 of macular neovascularization)
who, at age 15, received 3 injections of ranibizumab at
monthly intervals. CNV regression and visual acuity im-
provement was achieved after the therapy. We have seen
a very favorable response to anti-VEGF treatment, when
it was not necessary to continue with other applications
over the next 3 years though the patient is still regularly
followed-up. This is a unique use of anti-VEGF agents
in a young patient with a very rare diagnosis and a very
favorable result.

Modern diagnostic techniques, including electroreti-
nography and retinal imaging by OCTA, were used to
diagnose the macular involvement.

OCTA is a recent non-invasive imaging examina-
tion method that has been used in practice since 2015
(ref. 447,

Angiographic information is obtained simultaneously
from the retina and choroidal vascular bed without the
use of dye. As a contrast, it uses the movement of blood
elements and a decorrelation signal between successive
OCT b-scans generated in the same section. It allows vi-
sualisation of the superficial and deep vascular plexus of
the inner layers of the retina originating from the arteria
centralis retinae, the outer layer of the retina - the RPE
and the photoreceptors and choriocapillaris simultane-
ously. We had the opportunity to capture different stages
of familial maculopathy in individuals, including CNV



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2022 Dec; 166(4):418-427.

in one of the girls. There are very few published studies
describing the use of OCTA to diagnose this disease, as
well as its therapy*.

In differential diagnosis, it is necessary to consider
other macular dystrophies and focus on genetic testing
of known genes for these diseases. The Arden ratio lower
than 1.55 is significant for Best vitelliform macular dys-
trophy, it was higher than 2.0 in this family*. No gene
described for any macular hereditary disease was found in
our sample. In addition, other diseases, such as toxoplas-
mic maculopathy, have a similar appearance®*’'. However,
it is unlikely that changes in the macula will occur across
multiple members of the same family as in our sample.

Despite modern technologies identification of disease-
causing mutation may be a challenge, especially when
it comes to non-coding and structural variants. Further
research such as expanding genome sequencing to other
family members or linkage analysis is necessary to resolve
the molecular genetic cause in the family studied.

To further clarify the point on segregation analysis,
in the absence of clearly pathogenic variants we are not
able to perform it. It is our plan to gain further funding
to extend genetic analysis to more members. We think
however that this is out of the scope of the current study
which is mainly focused on clinical findings.

CONCLUSIONS

If there is a maculopathy of unclear etiology in young-
er patients or in patients with unclear development or
appearance of macular disease, it is advisable to focus
carefully on family history and to trace the occurrence
of impaired vision in other family members. When sus-
pected, many auxiliary examinations, including genetic
testing, can be used to verify the disease. Despite the
fact that there are already many known genes, it is not
always possible to find the causative gene, although the
disease is demonstrably hereditarily based. Thanks to
modern therapeutic technologies it is possible to prevent
the negative development of the disease, often resulting
in severe vision loss or practical blindness. For patients
with inherited macular dystrophy with abnormal macular
anatomy and secondary CNV, intravitreal treatment with
anti-VEGF can result in significantly improved vision.
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