












A survey ofpatients with autosomal dominant retinitis pigmentosa

further factor of 6-23. However, it is clear that the
model can give only a very approximate description
of the field area data. It should be remembered that
the analysis has two major weaknesses-namely, the
duration of field loss is a subjective variable, and the
analysis is based on a cross-patient comparison of a
group which is not likely to be homogeneous.

APPEARANCE OF FUNDUS
Most of the patients had attenuated retinal vessels
and pale discs. Early change was seen as a greying of
the pigment epithelium. With later migration of
pigment into the retina the pigment epithelium
assumed an atrophic appearance. The area of maxi-
mum involvement was usually, though not exclu-
sively, the mid periphery, with a zone anterior and
posterior to this which showed lesser degrees of
pigment epithelial change. The area within 100 radius
from fixation was usually uninvolved, unless macular
oedema or atrophy was present. As might be
expected for progressive disease, a sharp cut-off is
not seen. The degree of pigment migration into the
retina was greater the longer the duration of the
disease and the greater the age of the patient. The
area of maximum change in the fundus agreed well
with the area of field loss measured with the Gold-
mann IV/4 target. Thus changes in the inferior
compared with superior retina were generally more
prominent. This might be due to the effect of more
illumination on the inferior retina or the result of
intrinsic retinal factors. On examination of the fundi
no differentiating features could be found between D
and R patients.

Discussion

NATURE OF THE SAMPLE
Most previous studies of RP have been carried out on
small numbers of patients, often with several genetic
groups in a sample. In the present study we have
concentrated on a single genetic group and have
examined over 100 patients with AD RP. The fact
that we had to call for volunteers for lengthy examin-
ations during the working week has introduced some
bias: there is an excess of females and of patients in
the 20-50 age group (Table 1). Further, in order not
to restrict our sample unduly we have included
families in which a diagnosis of AD RP is very
probable but the confirmatory evidence of male to
male transmission is absent. Such families account
for just over 50% of our patients. However, given the
total number examined, these factors should not
strongly bias the survey.

PROGNOSIS
It is commonly stated that the prognosis for visual

acuity (VA) is better in AD RP than in AR and X-L
disease,9 "' though this has been disputed." About
60% of our patients have a VA better than or equal to
6/12 by the age of 50, or after a duration of 40 to 50
years of the disease. This is a greater percentage than
that quoted by Pearlman" and similar to that found
by Jay9 and by Fishman. In
The factors associated with loss of visual acuity are

(1) the presence of a secondary change such as a lens
opacity, macular oedema, or macular atrophy (filled
symbols of Fig. 6), and (2) duration of night blind-
ness. Analysis of how these factors are interrelated
reveals that with increasing duration of disease there
is an increased probability of one or other of the
secondary changes. However, there is also an inde-
pendent, if small, effect of duration.
Macular oedema is more often associated with

visual loss when the duration of disease is short, and
macular atrophy when it is long. It may be that
macular atrophy is a late consequence of macular
oedema, but it is also possible that it is the result of
longstanding disease. Certain families have a very
high incidence of these macular changes, whereas
others have none; this may represent a genetic
variation.
To assess the effect of field loss on life we have

assumed that a central field of radius 100 with the IV/4
target represents the minimum field required by a
patient to be independently mobile. In our sample
93% of the patients in the under-20 age group, 89%
in the 20-40 age group, and 60% in the over 40 age
group had a field greater than or equal to this.

CLASSIFICATION
From an examination of iitrafamilial and inter-
familial differences in the static perimetry data
obtained from large families we have identified two
subgroups of AD RP: in one there is severe and
diffuse loss of rod function which in some regions
coexists with relatively normal cone function; in the
other loss of rod function is regional and accom-
panied by loss of cone function. We have designated
the pattern of behaviour of the first subgroup by the
letter D (which stands for diffuse loss of rod function)
and the second by the letter R (which stands for
regional loss of rod function). The letter U refers to
those patients whom we have not placed in subgroups
D or R. The classification depends on measurements
of the state of rod function by static perimetry and not
on observations of fundus appearance or Goldmann
fields. These do not distinguish between the sub-
groups, both of which show regional pigmentation
and regional cone losses.
With ERG measurements a very similar subgroup-

ing could have been obtained independently. D
patients do not have a rod a or b wave, but most do
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have a maximum cone b wave greater than 20 ,N.
Most R patients have both maximum rod and cone b
waves greater than 20 [V. Only two cases in each of
the subgroups classified by static perimetry would not
meet these criteria.
The patients of Arden et al.6 are included in the

present survey, but the method of classification in the
previous study was based solely on the presence or
absence of the rod ERG: if absent, patients were
placed in subgroup A, if present, in subgroup B. This
means that A includes not only D patients with a
sizeable cone ERG, but also those patients who do
not have any ERG at all (U patients). The equiva-
lence of the B and R subgroups is closer, though not
exact. Two R patients have no rod ERGs and were
classified by Arden et al.6 as 'A2.'
The age of onset of night blindness is not a reliable

indicator of D or R patterns, since onset before the
age of 10 was reported not only by all D patients but
also by a substantial number of U and even a few R
patients. There is a better but far from exact corres-
pondence between the R pattern of behaviour and
onset after 20 years of age.
The distinctions between patterns D and R may

arise in three possible ways: (1) they are different
stages along a progressive course of deterioration; (2)
they are different phenotypic expressions of the same
basic gene defect; (3) they represent different gene
mutations. The general constancy of a pattern of
visual loss within large families over a wide range of
ages supports the hypothesis of genetic hetero-
geneity.
Massof and Finkelstein34 first proposed the distinc-

tion between severe and diffuse rod disease (type 1)
and regional photoreceptor disease (type 2). Broadly
our D patients conform to the description of type 1
and our R patients to type 2. However, there are
some differences: a feature emphasised for type 1 is
that the degree to which rod losses are greater than
cone losses is a constant over the whole visual field. In
terms of our data this would mean very little variation
in the G-R index for different zones. This is not the
case for our D patients (Fig. 2C). For some patients
the index falls to values of less than 1 in some regions.
This indicates that there is still some rod function left
in these regions and that cone losses are 'catching up'
with rod losses. Another difference is that for type 2
the characteristic region of loss is the mid periphery.
Whilst this is true for most of our R families, in two
the main region of loss is far-peripheral (e.g. see Fig.
10 in Ernst et al.7). In view of these differences and
the possibility that AD RP consists of more than two
disease forms it is probably not appropriate at this
stage to make a complete identification between D
and type 1 subgroups on the one hand, and R and
type 2 on the other.

The D families appear to form a more homo-
geneous subgroup than the R ones. Variation in the
region maximally affected by disease may indicate
that the R families need to be further subdivided. Yet
another pointer to possible heterogeneity in the R
subgroup is the variation in rod ERG. In the R group
there are three individuals from three families who
produce ERGs of less than 20 [tV to the blue flash,
whereas R patients typically give more than 40 [iV
and many fall within the normal range (greater than
140 [tV). Two of these patients report early onset of
night blindness, and the other family members are
severely affected and in the U category. More
information, especially that derived from longitu-
dinal studies, is needed to determine the basis of this
heterogeneity.
Almost all our D and R patients were classified on

an individual basis, though four exceptions were
made in the case of three large families, where the
characteristics of other family members were taken
into account. However, in the case of small family
units, such as families 675 and 9999 illustrated in Fig.
3, where an individual does not conform to the
criteria laid down for classification (e.g., 675/17 and
9999/42) he or she has been assigned to the U
category, even though his or her relative is placed in
one of the subgroups (e.g., 675/13 and 9999/60) in the
R subgroup. Ifwe were to classify these U individuals
according to the characteristics of their relatives,
then the numbers in the D subgroup would rise from
13 to 16 and in the R subgroup from 28 to 34.

DISEASE MECHANISMS
Can we infer anything about the nature of the disease
process at the cellular level for the two subgroups?
The key feature of pattern D is the combination of
very poor rod function throughout the retina with
near normal cone function in some regions. This
suggests that the major problem is in the rod system.
The absence of any measurable rod ERG, including
an a wave produced by the rods themselves, together
with a relatively well preserved cone ERG, points to
a defect in the rod transduction mechanism prior to
the generation of the a wave. It is tempting to see the
widespread rod disturbance as the primary condition
of the disease with the progressive deterioration of
the cones as a secondary phenomenon. This would
explain why night blindness is perceived from infancy
while major field losses are only apparent later in life,
and why the pigmentation of the fundus has a
regional appearance and is characteristic of late
disease. Nevertheless our results do not exclude the
possibilities that rod losses are regional early in life
but become diffuse with time, that regional cone
losses are part of the primary disease mechanism, and
that cone abnormalities are occurring in areas where
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cone thresholds are normal. Our view of a primary
rod transduction defect throughout the retina has yet
to be tested.

In the R patients the disease appears to be affecting
both types of receptor in a given region-sometimes
more or less equally as judged by threshold behaviour
(e.g., see Fig. 10, Ernst et al.7) and sometimes with
the rods more severely affected (e.g., see 675/17 and
9999/42, Fig. 3). A comparison of the ERG and
psychophysical data (see Arden et al.6) points to a
disturbance of not only photoreceptors but also of
postsynaptic layers. There is also evidence that the
disease is not confined to retinal cells. R patients
show an elevated osmotic fragility of their erythro-
cytes, whereas the fragility of the red blood cells of
D patients is normal. 12

Future advances in research on AD RP will come
from the application of new tests such as fundus
reflectometry to patients already investigated by the
techniques described in this study, longitudinal
studies, the investigation of young family members,
and histopathological and biochemical studies from
donor eyes of properly characterised patients. From
such studies it should become clearer whether our
attempt at classifying AD RP has a valid basis,
whether it needs to be refined and extended, and
what are the underlying pathogenetic mechanisms.
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