Symptomatic
abnormalities of dark
adaptation in patients
with EFEMP1 retinal
dystrophy (Malattia
Leventinese/Doyne
honeycomb retinal
dystrophy)

Abstract

Purpose To investigate the nature of
symptomatic visual disturbance in patients
with EFEMP1 retinal dystrophy in the
absence of geographic atrophy or choroidal
neovascularization.

Methods Patients presenting to a tertiary
referral centre underwent clinical evaluation,
fluorescein angiography, colour contrast
sensitivity, focal, pattern, and standard
electroretinography, electrooculography,
scotopic threshold perimetry and dark
adaptometry.

Results Clinical features included reduced
central vision, difficulty passing from light to
dark, and diffuse submacular and
peripapillary deposits, which were
hyperfluorescent by fluorescein angiography.
Colour contrast thresholds were abnormal in
all six patients studied and both pattern and
focal electroretinograms were abnormal in
five of six patients. The scotopic and mixed
rod-cone single flash ERG was normal but
two patients demonstrated reduced
oscillatory potentials and one had borderline
delayed 30 Hz responses. Scotopic thresholds
were elevated and rod-mediated dark
adaptation kinetics were markedly prolonged
in all six patients when measured over the
central visible confluent deposits.
Conclusions In patients with EFEMP1
retinal dystrophy with confluent macular
deposits, scotopic sensitivity is reduced and
dark adaptation kinetics are prolonged over
the macular deposits but are normal
elsewhere. These results emphasize the
localised nature of functional deficits in
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some patients with EFEMP1 retinal
dystrophy and correlate well with the
patient’s visual symptoms. Symptomatic
visual dysfunction may precede the
development of clinically evident geographic
atrophy or choroidal neovascularization in
this disorder.
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Historically, two well defined phenotypes
have been described in which there is
dominant inheritance of drusen, Malattia
Leventinese (ML) and Doyne honeycomb
retinal dystrophy (DHRD). Malattia
Leventinese was described initially in
inhabitants or descendants of the Leventine
valley of Tessin Canton in Southern
Switzerland.'™ It is described as having
drusen-like deposits in the macula and around
the optic nerve which are usually apparent by
the age of 20 years.®” Initially asymptomatic,
these patients later develop more numerous
and larger drusen which eventually coalesce
to form a solid plaque at the level of Bruch’s
membrane. In rare cases only the peripapillary
deposits develop.* The earliest visual
symptoms include dyschromatopsia,
metamorphopsia or relative scotomas and
occur at age 30-40 years.>” Central visual
acuity usually deteriorates at about age
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40-50*° but may begin as early as age 30° or

be delayed until age 60-70.* In the later stages of the
disorder, patients develop loss of central vision and
absolute scotomas, which are associated with the
development of extensive pigmentary changes and
geographic atrophy or choroidal neovascularisation in
the region of the confluent macular drusen.

Doyne honeycomb retinal dystrophy was described
initially in inhabitants of England.®’® The phenotype of
DHRD'" is similar to that of ML which led most
investigators to consider that they represent the same
disorder.®®!*1> A characteristic fundus finding in ML is
the presence of small radially orientated drusen**'¢'”
which are not identified in published photographs of
Doyne’s original families,'''? or from early written
accounts of the family."®*° Subsequent descriptions
show that they may occur in a small number of
members of the Doyne family, but are not prominent.?!
Despite these discrepancies, genes from ML and
DHRD families colocalise®*** and a single EFEMP1
(EGF containing fibrillin-like extracellular matrix
protein 1) mutation is associated with both disorders.**
We wish to report six patients with EFEMP1 retinal
dystrophy (ML/DHRD) who presented with subjective
visual loss in association with diffuse peripapillary and
macular drusen and associated radially-orientated
peripheral drusen. In these patients, visual symptoms
could not be explained by the development of
geographic atrophy or choroidal neovascularisation,
known end-stage sequela of the disorder. To more
fully characterize the nature of this visual dysfunction,
fluorescein angiography, and extensive
electrophysiological and psychophysical testing was
performed.

Patients and methods

Six patients were selected for study who had sub-
retinal pigment epithelial deposits at the fovea. The
criteria for diagnosis were visually symptomatic, early
onset (prior to 40 years of age), symmetrical confluent
plaque-like deposits at the level of Bruch’s membrane,
localised to the posterior pole but also surrounding the
optic nerve, and small radially-orientated drusen at the
periphery of this confluent plaque, visible either by
fundus examination or fluorescein angiography. Five
patients had a positive family history of visual loss
with dominant inheritance on the basis of involvement
of at least three generations and evidence of male-to-
male transmission. One patient (patient 4) was
adopted. Four patients were subsequently found to be
members of the DHRD pedigree and one patient had a
grandfather from the Levantine valley of Switzerland.
Siblings and parents were examined when available.
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None of the patients studied are the subject of
previous reports.?! Subsequent to the investigations
described in this report, these patients were found to
show the EFEMP1 mutation associated with both ML
and DHRD.* All patients underwent a complete
ophthalmologic evaluation, fundus photography, and
fluorescein angiography. There was no history of
systemic disease such as vitamin A or zinc deficiency,
hepatic or biliary cirrhosis, chronic bowel disease,
protein-energy malnutrition, or sickle cell anaemia that
are known to cause abnormal dark adaptation.>>2® All
patients consented to additional investigations of visual
function which occurred on two separate days. The eye
with the better visual acuity was chosen for
psychophysical testing. Colour contrast sensitivity was
performed with a colour television monitor using a
previously described system.*

Electroretinography (ERG) was performed in both
eyes using a gold foil electrode and standard testing
protocols.***! The pattern ERG was recorded in one
eye using a previously described protocol.*>* All ERG
testing conformed to International Society for
Electrophysiology of Vision (ISCEV) standards.
Focal ERGs were obtained with a Maculoscope
(Diagnosys LLC, Littleton, MA, USA).*
Electrooculography (EOG) was also performed.*”

For measurements of scotopic threshold and dark
adaptation kinetics, the pupil was dilated with 2.5%
phenylephrine, and 1% cyclopentolate and patients
were placed in a darkened room for 45 min. Scotopic
threshold perimetry was performed with a modified
Humphrey Field Analyser (HFA; Humphrey
Instruments, San Leandro, CA, USA) to determine the
magnitude and pattern of sensitivity loss.*®* The
stimulus wavelength was 450 nm, 0.5 s duration, and
Goldmann size V (102 min of arc). Measurements of
dark adaptation kinetics were performed at two
locations, one in which a threshold elevation had been

34,35

demonstrated and another with normal final
thresholds. Dark adaptation kinetics were measured on
a modified HFA after a 2-min period of light
adaptation (equivalent to viewing 6200 c¢d/m? through
a 6 mm pupil), sufficient to bleach more than 95% of
available rhodopsin using lamps installed in the HFA.
The testing strategy used a method of ascending limits
and was controlled by an external computer. The rod-
cone break was determined by visual inspection.
Datum points after this point were used to determine
the time constant of rod adaptation using curve fitting
software and an equation of the form log (I) = A + B
(e)'"/9140 When possible, the cone time constant was
derived in a similar fashion using datum points prior
to the rod-cone break. Return to pre-bleach sensitivity
was defined as the point at which the average of the



last five measurements came within 0.5 log units of the
average of the pre-bleach measurements. Data from
30-50 year-old normal volunteers served as a
comparison group.

Results

Clinical features

The study group consisted of six women ranging from
31 to 54 years of age (Table 1). All gave a history of
slow onset of visual symptoms that usually began 5 or
more years prior to presentation. Patients had a variety
of visual complaints which included difficulty
adjusting from a brightly to a dimly lit environment
(patients 2,3,4, and 6), decreased night vision (patients
3 and 5), decreased vision in bright light (patient 2), or
loss of visual acuity (patients 1 and 5).

The visual acuity ranged from 6/6 to 6/36 but all
patients had one eye with visual acuity of at least 6/12
or better. Ophthalmoscopically, a roughly oval area of
solid plaque-like deposition of yellow material at the
level of Bruch’s membrane was present in the macula,
the margin of which also encompassed the optic nerve

Table1 Clinical
Leventinese/Doyne honeycomb retinal dystrophy)

and fluorescein angiographic characteristics
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(Figures 1a and 2a). There was no serous elevation of
the overlying retina except in one patient who
developed angiographically well-defined choroidal
neovascularisation in one eye (patient 5; the fellow eye
underwent the electrophysiologic and psychophysical
testing). On fluorescein angiography the confluent
plaque was mostly hyperfluorescent. Away from the
centre, this plaque became less confluent and distinct
soft drusen could be identified. At the periphery of this
lesion there were small slender drusen, which
appeared to radiate from the centre of the macula.
These small drusen were sometimes difficult to
appreciate clinically but were always brightly
fluorescent and more clearly delineated in the early
phases of the fluorescein angiogram. There were
scattered areas of dense pigment on the surface of the
plaque that were hypofluorescent on fluorescein
angiography. The retinal vessels, peripheral fundus,
and optic nerve were normal.

Electrophysiology

The scotopic rod and mixed rod-cone ERG was within
normal limits for all six patients (Table 2). The 30 Hz

of patients with EFEMP1 retinal dystrophy (Malattia

Patient No./ VA Symptoms Fundus findings Fluorescein angiogram Inheritance
Age/Sex REJ/LE
1/54/F 6/12+ decreased vision extensive confluent drusen Drusen: hyperfluorescent AD
6/9-2 (disc and macula); radial RPE changes: hypofluorescent
drusen, mild RPE changes
2/51/F 6/18+ decreased vision in bright extensive confluent drusen Drusen: hyperfluorescent AD
6/12 light (disc and macula); radial RPE changes: hypofluorescent

delayed light to dark drusen, mild RPE changes
recovery
3/31/F 6/9-2  decreased night vision extensive subconfluent drusen ~ Drusen: hyperfluorescent AD
6/18 delayed light to dark (macula only); radial drusen, RPE changes: hypofluorescent
recovery mild RPE changes
4/50/F 6/9 dyscromatopsia extensive confluent drusen Drusen: hyperfluorescent adopted
6/6 delayed light to dark (disc and macula); radial RPE changes: hypofluorescent
recovery drusen, mild RPE changes
5/47/F 6/12 decreased vision extensive confluent drusen Drusen: hyperfluorescent AD
6/36 decreased night vision (disc and macula); radial RPE changes: hypofluorescent
drusen LE: CNVM
LE: serous macular detach-
ment
6/42/F 6/6 delayed light to dark extensive confluent drusen Drusen: hyperfluorescent AD
6/12 recovery (disc and macula); radial RPE changes: hypofluorescent

drusen marked RPE changes

VA, Visual acuity.
AD, Autosomal dominant.
RE, right eye; LE, left eye.

RPE, retinal pigment epithelium.
CNVM, choroidal neovascular membrane.
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Figure1 Case 5. (a) Confluent Bruch’s membrane deposits are present in the macula and around the optic nerve and are associated
with marked pigmentary disturbance. There are small radially orientated drusen present inferotemporal to the fovea. (b) The scotopic
retinal sensitivity is decreased by 1-2 log units overlying the confluent deposits. (c) Dark adaptation kinetics when compared with
normal subjects (triangles) are abnormally prolonged over the confluent deposit with return to within 0.5 log unit of pre-bleach
sensitivity at 109 min (filled-in circles). Peripheral to the confluent deposit dark adaptation kinetics are more nearly normal (open
circles).
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Figure 2 Case 6. (a) There are diffuse confluent Bruch’s membrane deposits in the macula and around the optic nerve. Small radially
orientated drusen are visible. (b) Modified Humphrey perimetry shows central scotopic threshold elevations of 1-2 log units over
the confluent deposits. (c) Dark adaptation kinetics when compared with normal subjects (triangles) are abnormally prolonged over
the confluent deposit (filled-in circles) with return to within 0.5 log unit of pre-bleach sensitivity at 80 min but are normal peripheral
to this deposit (open circles).
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Table 2 Summary of electrophysiological findings in patients with EFEMP1 retinal dystrophy (Malattia Leventinese/Doyne honey-

combe retinal dystrophy)

Patient No./]  Pattern ERG Focal ERG Electroretinogram (ERG) 30 Hz Oscillatory Electrooculogram
eye tested potentials
Scotopic Mixed (OPs)
rod rod/cone
1/LE moderate to could not be normal normal normal normal normal
severe determined
reduction
2/LE moderate to mild reduction normal normal borderline late OPs normal
severe reduction delayed timing absent
3/RE normal normal normal normal normal normal borderline low
light/dark ratio
4/LE moderate mild reduction normal normal normal reduced normal
reduction amplitude
5/RE mild reduction mild reduction normal normal normal normal normal
6/RE mild reduction mild reduction normal normal normal normal normal

flicker ERG was normal in five patients but the timing
was borderline delayed but with normal amplitude in
one patient (case 2). In the other five patients both the
amplitude and timing were normal. The oscillatory
potentials were abnormal in two patients. In one
patient (case 2), the late oscillatory potentials were
absent. In another patient, all oscillatory potentials
were present but the amplitudes were reduced (case 4).
The pattern ERG was normal in one patient, mildly
depressed in two patients, moderately depressed in
one patient and moderate to severely depressed in two
patients. In these patients, the P50 and N95 waveforms
were reduced but the P50 latency was not affected. The
focal ERG was normal in one patient, mildly reduced
in four patients, and technically unsatisfactory in one
patient. The EOG light-peak to dark-trough (Arden
Index) was borderline reduced in one patient (case 3).

Psychophysical tests

Colour contrast sensitivity gave elevated thresholds in
protan, deuteran and tritan axes and ranged from mild
(patients 3, 5 and 6) to severe (patients 1, 2 and 4)
(Table 3). The results of scotopic perimetry and dark
adaptation kinetics are summarised in Table 3. A 0.5-3
log-unit elevation of the scotopic threshold was
detected at retinal eccentricities corresponding to the
confluent deposit (Figure 1b and 2b). Peripheral to this,
the scotopic threshold was normal. The kinetics of
recovery of sensitivity following light adaptation
showed severe delays in both the rods and cones in
the three patients who were measured at the more
central (3°, 3°) location corresponding to the confluent
deposits (Figures 1c and 2c). Three patients could not

Eye

undergo testing of dark adaptation kinetics at the
central (3°, 3°) location because of markedly elevated
thresholds. At the more peripheral locations away from
the confluent deposit the kinetics of cone and rod
sensitivity were normal or nearly normal in all six
patients.

Discussion

All patients we report demonstrated the combination
of small radially orientated drusen at the level of
Bruch’s membrane and more confluent deposits
centrally. The confluent central deposits appear to
occur as a secondary phenomenon, due possibly to the
failure of material discharged from the retinal pigment
epithelium to pass freely to the choroid through an
abnormal Bruch’s membrane. This pattern is
consistently visible in some reported dominant drusen
families*7'>**72* but is not present in others.!!>154149
This phenotype has now been demonstrated in both
ML and DHRD and is associated with the EFEMP1
mutation. There are superficial similarities between
these small radial drusen and multiple small drusen of
uniform size for which the term basal laminar or
cuticular drusen has been used.’*°! In these disorders,
the drusen are of similar size, are brightly fluorescent
and often more numerous by fluorescein
angiography,'®"' and may be associated with large
confluent deposits in the macula but with preservation
of relatively good visual acuity.

However, there are minor differences in appearance,
which imply that these do not represent a single entity.
The small drusen seen in our patients are thin, uniform
in size, and radially aligned to the fovea whereas so
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Table 3 Results of psychophysical tests of vision in patients with EFEMP1 retinal dystrophy (Malattia Leventinese/Doyne honey-
comb retinal dystrophy)

Patient No./ Colour contrast threshold — Confluent deposit — Scotopic Rod-cone Rod time constant Time to final
eye tested ] at test location threshold break Goldman size threshold
Protan. Deuteran  Tritan  chosen for dark elevation (min) stimulus (III/V) (min)
(%) (%) (%) adaptation (log units)
kinetics
1/LE >100 >100 >100 yes 0.5-2.9 indeterminate 15.2/9.0 77 (still elevated 15
dB above threshold)
no none 11 8.6/5.3 32
2/LE >100 >100 >100 yes 0.5-3.0 indeterminate 45.6/27.6 52
no none 13 8.3/7.4 31
3/RE 21 20 39 yes 0.7-1.8 14 16.2/15.8 71
no none 11 8.8/8.7 28
4/LE 88 >100 >100 yes 0.5-1.4 12 indeterminate/5.9 46
no none 12 6.4/6.9 29
5/RE 25 25 23 yes 1.1-1.8 indeterminate 172/167 109
no none 13 11.3/10.4 39
6/RE 17 20 30 yes 0.9-2.5 indeterminate 38.5/32.3 80
no none 10 7.7/7.2 30
Normals <7 <7 <7 10-12 <12 3045

called basal laminar drusen are more likely to be
round, are more variable in size, and are not aligned
with the fovea. That these small drusen may differ is
confirmed by histopathological studies. In some
conditions, such as basal laminar drusen and type II
mesangiocapillary glomerulonephritis,® the drusen are
reported to be due to focal thickening of the basement
membrane of the retinal pigment epithelium in which
case the term basal laminar or cuticular drusen is
appropriate. However in others with radial
drusen,***** including patients with ML,* the focal
deposits are between the basement membrane of the
retinal pigment epithelium and the inner collagenous
layer of Bruch’s membrane and are indistinguishable
from typical hereditary or age-related hard
drusen.**>” Genetic testing of patients with cuticular
or basal laminar drusen for the EFEMP1 mutation
should help to determine the relationship between this
disorder and ML/DHRD.

There are conflicting reports regarding the functional
attributes of various dominantly-inherited drusen
syndromes with respect to the ERG and
EOG’4—6,8,15,41,46,47,56,58—63 COlOLlI‘ Vision,4'8'11'44'58'64 and
dark adaptation.*68414446386365 This disparity in
findings may be related to several factors that include
the definition of inherited vs age-related drusen,®“? the
sensitivity of the tests employed, the stage of the
disease, or whether they represent the same or
different disorders. Electrophysiological tests
performed in this study revealed a variety of modest

ERG abnormalities in some patients, which included
reduced oscillatory potentials, a marginally delayed 30
Hz response cone b-wave. The pattern and focal ERGs
were variably reduced in most patients. The EOG
light-peak to dark-trough (Arden Index) was
borderline reduced in one patient. Although only one
patient complained of colour vision disturbance, colour
contrast sensitivity testing revealed moderate to severe
abnormalities of colour discrimination in all our
patients. Psychophysical testing revealed relative
central and paracentral threshold elevations®® under
both scotopic and mesopic conditions. The striking
finding of this study was the very markedly prolonged
dark adaptation kinetics when measurements were
performed in a central location over the confluent
deposit and the normal dark adaptation kinetics when
measurements were performed peripheral to this
deposit. The prolonged time required for these patients
to return to their final or pre-bleach visual threshold
provides objective evidence for the subjective
complaint of difficulty passing from bright to dim
environments. Our results highlight the importance of
measuring the kinetics of dark adaptation at locations
corresponding to the region of the retina primarily
affected by the disease.

Both DHRD and ML are represented within our
patient group, and as might be expected given their
common genetic basis, electrophysiologic testing does
not reveal any functional difference between the two
nosological entities. The deficits correspond to the

Eye
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physical location and density of the deposits, and do
not appear to be intrinsic to the primary disorder, in
that function outside the deposits appears to be
normal. The marked functional deficits in patients with
DHRD and ML reported in this study represent the
more severe end of the spectrum for this disorder.!
This is likely to be due to the presence of the confluent
macular deposits in the subgroup studied. The basis of
diminished retinal function over areas of confluent
deposits are compatible with one or more of the
following explanations: decreased outer retinal
photopigment content,*® photoreceptor
misalignment,***°?° retinal pigment epithelial
dysfunction,®® and delayed metabolic exchange across a
thickened Bruch’s membrane.®”~*° The mutated protein
EFEMP1 identified in ML and DHRD, is homologous
to fibulins, which are extracellular matrix glycoproteins
that bind to elastic fibers”® and through attachments to
nidogen, interact with collagen IV and laminin in
basement membranes.”" If this mutation alters
supramolecular assembly of basement membrane
components within Bruch’s membrane, this could
contribute to the development of drusen in
ML/DHRD. There is close similarity between the
symptoms and functional loss in our patients and
those associated with Sorsby fundus dystrophy®” and
age-related changes at the level of Bruch’s membrane.®®
In these conditions the deficit has been ascribed to
interference of metabolic exchange between the choroid
and the retinal pigment epithelium by deposits in
Bruch’s membrane. This was supported by the
observation that the deficit can be reversed by high
supplementation of vitamin A, although the effect was
not sustained after withdrawal of the supplement.®
Thus, the functional similarities between our patients
do not imply that they are the same primary condition,
but reflect a non-specific result of Bruch’s membrane
change. Further molecular genetic studies should help
to clarify the relationship between ML/DHRD and
other types of dominantly inherited drusen.
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