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North Carolina's dominant progressive foveal
dystrophy: how progressive is it?

Kent W Small, John Killian, Walter C McLean

Abstract
We studied 34 family members at risk of having
dominant progressive foveal dystrophy of
Lefler, Wadsworth, and Sidbury (also called
North Carolina macular dystrophy) and found
17 to be affected. Fifteen of these affected
subjects were observed over at least a 10-year
period for evidence of progressive macular
degeneration. Only one subject showed objec-
tive evidence of progressive deterioration in
only one eye. Our findings further substantiate
that this dystrophy generally has a stable
course, contrary to its original description.
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Lefler, Wadsworth, and Sidburyl in 1971
reported on 25 affected members of a family with
a dominantly inherited macular dystrophy. They
described marked ophthalmoscopic variability
from one individual to another. Asymptomatic
subjects had only 'mild pigmentation' in the
macula, while those subjects with subnormal
visual acuity all had ophthalmoscopically obvious
macular abnormalities. The most severe cases
were described as having macular 'colobomas'.
In addition many of the family members had an
associated aminoaciduria.
Frank and colleagues2 further studied this

same family and called the disease 'dominant
progressive foveal dystrophy'. They reported on
a total of 50 affected subjects and categorised the
macular appearance into three clinical stages

which were said to progress from one stage to the
next. Stage 1 maculae were described as 'scattered
drusen and pigment dispersion'; stage 2 as
'confluent drusen'; and stage 3 as 'choroidal
atrophy'. Additional testing disclosed normal
results on electroretinography, electro-
oculography, and colour vision tests. However,
the progressive nature of the maculopathy was
not well documented. The aminoaciduria was
found to segregate separately from the macular
abnormalities, suggesting that the urine and
macular conditions were genetically unlinked
and/or inherited as different Mendelian traits.
Two further observations recorded by Frank

and associates2 subsequently became contro-
versial. Their description of the stage 3 macular
lesion did not mention the staphylomatous or
colobomatous-type appearance of the macula,
previously noted by Lefler and associates. ' They
also recorded the peripheral retina as 'normal'.
These points helped to confuse its nosology
when similar diseases were later reported.

Gass,3who later examined an unspecified number
of affected subjects, called this disease 'North
Carolina macular dystrophy (NCMD)'. He
questioned whether or not the maculopathy was
progressive, and he described the most severe
lesions as 'staphylomatous appearing' and the
peripheral retina as abnormal. His observations
were in apparent conflict with those of the earlier
reports.2
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Table I Summary ofresults

Grade of Age at VA at Age at VA at
macular 1st 1st latest latest

Pedigree lesion examination examination examination examination Progression

VI-i1 1 6 20/20- 16 20/20- No
20/20- 20/20-

VI-6 1 28 20/20- 38 20/20- No
20/30 20/30

VI-7 1 7 20/20 17 20/20 No
20/20 20/20

V-7 1 22 20/20- 33 20/20 No
20/20- 20/20

VI-8 2 7 20/30 17 20/25 No
20/50 20/30

V-5 2 16 20/20- 27 20/20 Subjective
20/100 20/200

V-4 2 27 20/30 38 20/30 No
20/30 20/30

VI-19 2 5 20/30 16 20/20 No
20/30 20/25

VI-4 2 18 20/20 29 20/20 No
20/40 20/40

VI-1 2 6 20/25 27 20/20- Subjective
20/25 20/20-

VI-18 2 3 20/30 14 20/50 Objective
20/30 20/200

V-10 3 29 20/30- 40 20/30 No
20/40 20/30

VI-2 3 6 20/40 26 20/30 No
20/60 20/50

V-2 3 25 20/50 51 20/40 No
20/90 20/100

VI-3 3 6 20/50 30 20/40 No
20/100 20/80-

IV-2 3 80 20/60 No
20/60

V-3 3 56 20/50 No
20/50

Pedigree=individual in figure 1.VA=Snellen visual acuity, age in years.

From 1974 to 1989 no further reports of
studies of this family appeared. We recently
reascertained the original NCMD family to begin
clearing up some of these controversies. In our
preliminary report4 of 22 affected family mem-
bers who had been examined 15-20 years earlier
by Lefler et all and Frank et al2 we found only
one subject who showed evidence of progressive
visual deterioration in one eye. In the remaining
21, clinical course was stable. Furthermore, our
fundus findings corroborated those ofGass.' The
severe cases were clearly excavated, colobo-
matous, or staphylomatous in appearance when
examined with binocular methods. The peri-
pheral retinae had yellow specks at the level of
the retinal pigment epithelium which resembled
drusen. We now report our findings in an
additional 17 affected family members to provide
additional data on the clinical course ofNCMD.

Figure2A Right macula, grade l, 6-year-old-male, VI-II,
20120.

Materials and methods
An extensive family history was obtained from
34 family members (17 affected) who were not
initially known to be related to the original
NCMD kindred. It became apparent that these
subjects were direct descendants of the same
three Irish brothers who brought NCMD to the
United States some time before 1790. Therefore
these 17 affected family members were afflicted
with NCMD as well. The relationship of the
proband of the original NCMD pedigree to these
newly found NCMD family members is shown
in Figure 1.

Fifteen of the 17 affected family members
were initially examined by us at least 10 years ago
and followed up to the present time. The ophthal-
mic examinations performed 10 years ago
consisted in recording best corrected visual acuity
at a distance of 20 feet (60 cm), pupillary
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Figure 2B Unchanged at 16years old.
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Figure3A Left macula, grade 1, 28-year-oldfemale, VI-,
20/30.

reaction, slit-lamp examination, dilated fundus
examination, and fundus photography. A fluor-
escein angiogram was performed on one subject.
We performed the most recent ophthalmic
examinations at home visits, recording visual
acuity at near, namely 13 inches (33 cm) with the
present spectacle correction, pupillary reactions,
findings on dilated binocular indirect ophthal-
moscopy, and the appearances on fundus photo-
graphy with a hand held fundus camera. All
affected subjects were asked whether they
thought their vision had changed or been stable
during their lifetime. Their visual acuities and
fundus photographs from 10 years ago were
compared with the recent findings for objective
evidence of progressive macular changes.

Results
The results are summarised in Table 1. Fourteen
ofthe affected subjects' ages ranged from 3 years
to 29 years at the time of the initial examination.
Ten of them were 18 years old or less at the time
of their initial examination and therefore pre-
sumably at the greatest risk of having advancing
disease.
We categorised the maculopathy according to

a similar classification system used in our recent
report.4 However, we are now referring to the
gradation of the macular severity as 'grades'
instead of 'stages' to emphasise further the stable

Figure 3B Fluorescein angiogram, early phase with
window defects which did not spread in laterframes.

nature of this disease. Four of the 17 affected
subjects had grade 1 NCMD (Figs 2, 3) which
consisted of only a few small flat yellow specks at
the level of the retinal pigment epithelium. This
was variably associated with pigment irregularity
in the fovea. Grade 2 dystrophy (Figs 4-7)
showed as confluent yellow specks at the level of
the retinal pigment epithelium in the central
macula. This was present in seven subjects. In
the more severely affected grade 2 eyes (figs 6, 7),
the maculopathy had a disciform appearance.

Grade 3 maculopathy (Figs 8, 9), present in six
subjects, consisted of a discrete, well circum-
scribed, single, large (1-2 disc diameters) central
macular excavation. The overlying neurosensory
retina appeared intact as shown by the retinal
vasculature draping over the sharp edge and
dipping down into the crater. The absent or
depigmented retinal pigment epithelium in the
centre of the lesion was well demarcated. The
only remnant of the choroid consisted of a few
large choroidal vessels. The peripheral retinae of
all affected subjects showed variable yellow
specks and pigment irregularities also at the level
of the pigment epithelium. Their visual acuities
ranged from 20/20 to 20/200, median 20/30.

Figure 4A Right macula, grade 2, 7-year-oldfemale,
20130, VI-8.
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Figure SA Right macula, grade 2, 16-year-oldfemale,
20/30, V-s.

Figure 6A Left macula, grade 2, 16-year-oldfemale,
201100, V-S.

Figure SB Unchanged at 27years old.

Figure 6B At 27years old, minimally increased
pigmentation.

Figure 7A Left macula, grade 2, 3-year-old male, 20130
VI-18.

Only one of the 17 affected subjects (VI-18)
had objective progression of the disease. In his
left eye the visual acuity dropped from 20/50 at 3
years of age to 20/200 by 13 years. The visual
acuity in his right eye had remained stable
around the 20/40 level during this time. The
fundus photographs of the left eye also displayed
changes consistent with the decreased vision
(Figs 7A, 7B). A central white disciform lesion
enlarged somewhat but probablymore significant

Figure 7B Marked change by 14 years old, 20/200.

was the large (1 disc diameter) halo of retinal
pigment epithelial irregularity surrounding it.
This halo resembled a 'high water mark', as
though submacular fluid had been present at an
earlier time. No subretinal blood, exudates, or
fluid could be found as evidence of an active
choroidal neovascular membrane.
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Figure 8A Right macula, grade 3, 29-year old male,
20130-, V-10.

Our previously reported subject4 whose disease
progressed was 17 years old at the time. From
only these two subjects we cannot pinpoint the
age at greatest risk for the rare event of disease
progression any better than 'early in life'.
The remaining subjects had no objective

change in either their visual acuity or the appear-
ance of the macular lesions as judged by
comparing the recent and the old fundus photo-
graphs. However, subjective change in visual
acuity was noted by two subjects who complained
of a brief period (1-2 weeks) during which they
described a change in the size or shape of a
previously noted central scotoma. These
perceived changes did not, however, affect their
Snellen visual acuity. Particularly noteworthy
was that none of the 17 affected subjects experi-
enced a continual progressive downhill course of
their vision.

Discussion
Dominant progressive foveal dystrophy of
Lefler, Wadsworth, and Sidbury,' more recently
called North Carolina macular dystrophy
(NCMD)' 4 (McKusick No 136550),'5 is an auto-
somal dominant macular dystrophy with
complete penetrance and highly variable expres-
sivity. This dystrophy has its onset during
infancy or possibly even in utero as shown by a 3-
month-old boy who had been previously found

Figure 9A Left macula, grade 3, 20-year-old male at time of
photograph, 20160, VI-2.

Figure 8B Unchanged at4Oyears old.

to have the grade 3 macular lesion. Those
affected may range from being completely
asymptomatic with 20/20 visual acuity to have a
central scotoma with 20/200 visual acuity in the
worse cases.
From this longitudinal study of 17 affected

family members, our report provided further
evidence that 'dominant progressive foveal
dystrophy' of Lefler, Wadsworth, and Sidbury
(NCMD) generally has a stable clinical course
and is not progressive as orginally described by
Frank et alt The results of our present study
combined with the results of the 22 affected
original NCMD family members we recently
reported4 revealed a 5% (2 of 37) incidence of
affected individuals who experienced progressive
macular deterioration in one eye. These two
subjects, who experienced further deterioration,
had grade 2 disease with a hypertrophic disciform
appearance. Despite this, we have been unable to
witness an active choroidal neovascular mem-
brane or its sequelae such as subretinal blood or
exudates in any of the 37 affected subjects. We
suspect that these severe grade 2 lesions are
somehow unstable, teetering between a grade 2
and grade 3 lesion. Perhaps this more severe
macular dysfunction is caused by transudation of
fluid across developmentally compromised
retinal pigment epithelium and/or Bruch's
membrane. Although age related macular

Figure 9B Unchanged at 26years old.
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Table 2 Review ofsimilar dominant macular dystrophies

Youngest Progression Staphyloma Peripheral Colour
Disease age detected VA macular retina ERG vision

North Carolina' 3 months 2 of 78 eyes 20/20 Yes Abnormal Normal Normal
macular dystrophy to 20/20

CAPED5 1 year 2 of 14 eyes 20/20 Yes NS Normal Normal
to 6/200

Dominant CAPED6 7 years 1 of 8 eyes 20/20 Yes? NS Normal Normal
to 20/200

Autosomal dominant 6 years 1 of 8 eyes 20/20 NS? Abnormal Normal Normal
central pigment to 10/200
epithelial dystrophy'

Dominant slowly progressive 46 years 5 of 35 eyes 20/20 No NS Normal to Normal
macular dystrophy" to 20/200 abnormal

Dominant macular subretinal 26 years 10 of 10 eyes 20/25 No Abnormal Abnormal Normal
neovascularisation'" nyctalopia to HM

in childhood
Sorsby's pseudoinflammatory 20s nyctalopia Uniformly 20/20 No Abnormal Normal to Tritan

dystrophy" 13 to CF abnormal defect
Sorsby's syndrome'4 7 years 6 of 6 eyes 20/120 Yes NS NS NS

to 20/180
Central retinal pigment 17 years 2 of 8 eyes 20/16 No Normal Normal Normal to

epithelial dystrophy' to 20/200 abnormal
Familial macular coloboma' Infancy 0 to 4 eyes 20/200 Yes NS Abnormal Abnormal

CAPED=central areolar pigment epithelial dystrophy. VA=visual acuity. ERG-electroretinogram. HM=hand motions. CF=counting
fingers. NS=not stated in article.

degeneration is a phenocopy of grade 1 and 2
NCMD, we are reluctant to presume that the
hypertrophic lesions (Figs 6, 7) were in fact due
to a neovascular process.
We propose that the name 'dominant

progressive foveal dystrophy'2 is not appropriate.
After our genealogical research into the original
NCMi) family the pedigree now consists of over
1400 individuals who are either affected or who
are at risk of having NCMD. Because over 80%
of this pedigree consists of Irish descendants
living in North Carolina, we suggest that the
proper designation for this dystrophy should be
'North Carolina macular dystrophy (NCMD)'.
If a patient with this disease is found living in
Ireland, then the name should probably be
changed to Ireland/North Carolina macular
dystrophy. With this name for the disease a
patient encountered with a similar dominant
macular dystrophy would more likely be
questioned for relatives in Ireland or the North
Carolina mountains. This additional family
history might contribute to making the correct
diagnosis.

Other possible names for NCMD are
presumptive, such as 'central areolar pigment
epithelial dystrophy'.5 Equivalent names imply
that the primary tissue affected is already known.
Although clinically NCMD appears to be an
abnormality of the retinal pigment epithelium,
without histological or molecular confirmation
such names should be held in reserve.

Three"7 other reported families with dominant
macular dystrophies now seem likely to have the
same disease as NCMD (Table 2). Central
areolar pigment epithelial dystrophy,56 central
pigment epithelial and choroidal degeneration,7
and NCMD had many common features. All
were dominantly inherited, detected at young
ages, and showed highly variable maculopathies
within the families. These macular abnormalities
spanned the spectrum from mild forms with a
few 'drusen' in the fovea to severe macular
'colobomas' and 'staphylomas' with 20/200 visual
acuities. These three dystrophies also generally

had a stable clinical course. In central pigment
epithelial and choroidal degeneration7 the
peripheral retina was abnormal, similar to that in
NCMD. In the other two dystrophies"6 no
mention was made of the appearance of the
peripheral retinae. In all three5 of these
dystrophies the findings on electroretinography,
electro-oculography, and dark adaptation and
colour vision testing were also normal.

Other dominantly inherited macular
dystrophies8"'4 clinically distinct from NCMD
have a later age of onset.'""12 Abnormal findings
in electrophysiological and colour vision tests
were also helpful in distinguishing these other
dystrophies from NCMD.80 12-14
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