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Retinitis Pigmentosa: Some Observations

on the Course

Eliot L. Berson

Retinitis pigmentosa affects about 1 in 5,000 individ-
uals worldwide.!- ¢ 197223638, 43 [y the state of
Maine in the United States, genetic types by family
have been reported to be 19% autosomal dominant,
19% autosomal recessive, 8% X chromosome linked,
46% isolates, and 8% undetermined.? In England,
the X-linked form has been reported to account for
16% of families and the autosomal recessive form for
7% .3

SYMPTOMS AND SIGNS

Patients with retinitis pigmentosa typically report
abnormal adaptation, photophobia, night blindness,
loss of midperipheral field, or some combina-
tion.” 2% 2% 3% 41 These symptoms usually appear by
20 years of age but can occur as late as 40 to 50 years
of age. Patients usually lose their midperipheral vi-
sual field initially, then their far-peripheral field, and
eventually, their central vision. As their fields be-
come constricted, they report a tendency toward
blue blindness. Some may compensate for field loss
by moving their head or eyes and, for their night
blindness, by avoiding scotopic conditions of illumi-
nation, thereby alleviating their symptoms so that a
lack of symptoms does not exclude the possibility
that an individual is affected.’

In the earliest stages, affected patients can have
minimal if any changes on ophthalmoscopic exami-
nation. In more advanced stages, the characteristic
fundus abnormalities include narrowed retinal ves-
sels, depigmentation of the retinal pigment epithe-
lium, intraretinal bone spicule pigment distributed
around the midperipheral fundus, and waxy pallor

of the optic discs. The bone spicule pigment is typi-
cally seen equidistant from the fovea in all quadrants
in the midperipheral zone where rod photoreceptors
are normally present in highest density. Some pa-
tients can have advanced disease with little if any
pigment and will escape detection on ophthalmo-
scopic examination if the examiner does not observe
retinal vessel attenuation. Other typical findings on
routine ocular examination include pigmented cells
in the vitreous,* posterior detachment of the vitre-
ous,** and posterior subcapsular cataracts.*® Hyaloid
bodies of the optic nerve head*” and cystoid macular
changes® are seen in some cases, and refractive er-
rors including astigmatism'* and myopia®' are com-
mon.

EARLY DETECTION WITH THE
ELECTRORETINOGRAM

The initial reports of the electroretinogram (ERG)
in primary retinitis pigmentosa revealed that af-
fected patients had nondetectable or very small re-
sponses, but these patients had relatively advanced
disease with attenuated retinal vessels and extensive
pigmentary changes.'® * More recent studies have
shown that patients with early stages of retinitis pig-
mentosa could have subnormal ERGs to single
flashes of light without computer averaging that
were still large enough to separate into rod and cone
components. '" 123931 Gome of these patients had
minimal if any fundus abnormalities visible with the
ophthalmoscope. Rod responses to blue light under
dark-adapted conditions (Fig 63-1, left column)
were reduced in all genetic types and, when detect-
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ERGs in EARLY RETINITIS PIGMENTOSA (RP)
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Dominant RP : 7! e
(complete) : :
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Dominant RP
(reduced)

Auto. Rec. RP Q@m W ,\%

FIG 63-1.

Full-field ERG responses for a normal subject and four pa-
tients with retinitis pigmentosa (aged 13, 14, 14, and 9
years). Responses were obtained after 45 minutes of dark
adaptation to single flashes of blue light (left column) and
white light (middle column). Responses (right column) were
obtained to 30-cps (or 30-Hz) white flickering light. Cornea
positivity is upward deflection. The calibration symbol (lower
right corner) signifies 50 ms horizontally and 100 uV verti-
cally. Rod b-wave implicit times in column 1 and cone im-
plicit times in column 3 are designated with arrows. Normal
ranges for peak-to-peak amplitude for patients 6 to 60 years
of age with 6 or fewer diopters of myopia, clear media, and
fully dilated pupils are blue, 100 to 275 pV; white, 350 to
700 wV; and white flicker, 50 to 125 wV. Normal rod b-wave
implicit times range from 71 to 108 ms and normal cone
b-wave implicit times from 25 to 32 ms. (From Berson EL:
Trans Am Acad Ophthalmol Otolaryngol 1976; 81:659.
Used by permission.)

able, were delayed in b-wave implicit time as desig-
nated by arrows. Cone responses to 30-Hz white
flickering light (Fig 63—1, right column) were normal
or reduced in amplitude with normal or delayed
b-wave implicit times. In patients with the dominant
form with reduced penetrance or the X-linked or au-
tosomal recessive forms, cone b-wave implicit times,
displayed by arrows in the right column, were so
delayed that a phase shift occurred between the
stimulus artifacts (designated by the vertical lines)
and the response peaks; each flash elicited the next-

plus-one response in contrast to the normal. In
mixed cone-rod responses to single flashes of white
light under dark-adapted conditions (Fig 63—1, mid-
dle column), the cornea-negative a-wave generated
by the photoreceptors was reduced in amplitude in
all types, thus pointing to involvement of the photo-
receptors in the early stages. Isolate cases with a
negative family history showed ERG waveforms
comparable to those seen in siblings with autosomal
recessive disease.®

In contrast to the subnormal responses with de-
layed b-wave implicit times seen in early stages of
widespread progressive forms of retinitis pigmen-
tosa, subnormal responses with normal b-wave im-
plicit times have been observed in self-limited sector
retinitis pigmentosa (Fig 63-2).% > For example, a

ERGs in SECTOR or STATIONARY RETINAL DISEASE

Blue White

White (30 cps)

Normal : :

Sector RP : . :

father, age 65 : e N/\\'* AT,
Sector RP o~ M AT~
son, age 37 - ] -

SNBEMyopia

Oguchi W ;\f\/':\ ...... Mé
: o

FIG 63-2.

Full-field ERG responses from a normal subject and four
patients with sector or stationary retinal disease. Horizontal
arrows (column 1) designate the range of normal rod
b-wave implicit times, and a vertical bar defining this range
(mean = standard deviation) has been extended through
the responses of patients with sector retinitis pigmentosa.
Responses (middle column) from a patient with Oguchi’s
disease are interrupted by reflex blinking, so the latter part
cannot be illustrated. Cone implicit times in column 3 are
designated with arrows. (From Berson EL: Trans Am Acad
Ophthalmol Otolaryngol 1976; 81:659. Used by permis-
sion.)



father and son with dominantly inherited sector re-
tinitis pigmentosa who were separated in age by al-
most 30 years had comparably reduced amplitudes
and normal b-wave implicit times. Specifically, rod
b-wave implicit times were within the normal range
designated by the vertical bars, and cone b-wave im-
plicit times were within the normal range as each
stimulus elicited the succeeding response. ERGs
from a patient with stationary night blindness, myo-
pia, and a defect in intraretinal rod signal transmis-
sion and from a patient with Oguchi’s disease with a
defect in rod neural adaptation also showed normal
cone b-wave implicit times.

These findings, now substantiated in many pa-
tients evaluated over the past 20 years, have indi-
cated that rod and cone b-wave implicit times can be
used as an aid in establishing long-term visual prog-
noses since patients with self-limited sector retinitis
pigmentosa or stationary night blindness have typi-
cally shown normal b-wave implicit times while pa-
tients with widespread progressive forms of retinitis
pigmentosa have shown delayed b-wave implicit
times.®~® 1> 16 Fyrthermore, at this time, no patient
6 years old or over has been observed with normal
cone and rod amplitudes and normal cone and rod
b-wave implicit times who later developed wide-
spread retinitis pigmentosa.® % 1

SPECIALIZED ELECTRORETINOGRAPHIC
RECORDING TECHNIQUES

The earliest studies of the ERG in patients with
retinitis pigmentosa were performed with electronic
filters that passed responses unattenuated over a
frequency bandwidth of several hundred hertz; un-
der these test conditions, most patients had re-
sponses that were indistinguishable from noise (i.e.,
less than 10 wV).'® ¥ Narrow-band electronic filters
that passed frequencies over a few hertz allowed the
separation of retinal responses from noise in some
patients who had apparently nondetectable ERGs re-
corded with wide-band filters.®® Furthermore, sum-
mation of responses with computer averaging and
wide-band filters made it possible to quantitate re-
sponses as small as 1 pV from patients with retinitis
pigmentosa within a few minutes of testing.> With
narrow-band filtering combined with computer aver-
aging, the lower limit of detectability could be ex-
tended to 0.05 pV (a 20-fold increase in the signal-to-
noise ratio) so that 90% of an outpatient population
with retinitis pigmentosa and visual field diameters
greater than 8 degrees had detectable responses.'®

Figure 63-3 illustrates full-field cone ERGs to
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Full-field 30 Hz Cone ERGs in Patients at 11 to 15 Year Intervals
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FIG 63-3.

Full-field 30-Hz cone ERGs from a normal subject and four
patients with retinitis pigmentosa tested at an 11- to 15-year
interval. Stimulus onset is shown by vertical markers; the
calibration symbol (left column, lower right) designates 100
wV vertically for the normal subject and top three patients,
40 pV vertically for the bottom tracing, and 50 ms horizon-
tally for all tracings. Calibration (right column, lower right) is
2 uV vertically for the dominant, X-linked, and isolate pa-
tients, 0.3 pV for the recessive patient, and 20 ms horizon-
tally for all traces. b-Wave implicit times are designated by
arrows. (RP = retinitis pigmentosa). (From Andréasson
SOL, Sandberg MA, Berson EL: Am J Ophthalmol 1988;
105:503. Used by permission.)

30-Hz white light from four patients with retinitis
pigmentosa who were tested initially and 11 to 15
years later without narrow-band-pass filtering and
without computer averaging (left column) and also
tested at the later time with narrow-band filtering
and computer averaging (right column). Responses
that were nondetectable (less than 10 V) in the left
column were now easily quantified with filtering
and averaging (right column). Implicit times were
comparable over time for each patient when compar-
ing non-band-passed, unaveraged responses to
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FULL-FIELD ERG PROGRESSION OVER 2 YEARS
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FIG 63-4.
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Computer-averaged full-field ERGs from a 26-year-old man with X-linked retinitis pigmentosa that were obtained in response
to 10-us flashes of white light at 16,000 ft-lamberts presented at 0.5 Hz (n = 64), 30 Hz (n = 256), and 42 Hz (n = 256) at
baseline (Year 0) and a 2-year follow-up (Year 2). Three consecutive response averages are superimposed in each case.
Vertical broken lines are normal flash onset for the 0.5-Hz condition and the onset of one of a train of flashes for 30-Hz and
42-Hz conditions. (From Berson, EL, Sandberg, MA, Rosner B, Birch DG, Hanson AH: Am J Ophthalmol 1985; 99:240. Used

by permission.)

band-passed, averaged responses obtained 11 to 15
years later.

Figure 63-4 shows full-field ERGs in a patient
with X-linked retinitis pigmentosa over a 2-year pe-
riod as monitored with computer averaging for
mixed cone-rod responses to 0.5-Hz white light and
with computer averaging and narrow—band-pass fil-
tering for cone isolated responses to 30-Hz and
42-Hz white flickering light. Responses are signifi-
cantly smaller at year 2 when compared with those
recorded at baseline.'”

NATURAL COURSE OF COMMON FORMS

A prospective study of 94 patients with retinitis
pigmentosa, 1 per family, representing the autoso-
mal dominant, autosomal recessive, X-linked, and
isolate forms in approximately equal numbers was
conducted to help define the natural course of the
common forms of this condition over a 3-year inter-
val.'® Exclusion criteria included visual acuity less
than 20/200 in both eyes, advanced cataracts that

prevented visualization of the fundus, profound
deafness, and age less than 6 years or greater than
49 years. Patients were evaluated with respect to
Snellen visual acuity, Goldmann kinetic visual fields
with a V-4, white test light, dark adaptation thresh-
olds to an 11-degree white test light, foveal ERGs to
a 4-degree flickering white stimulus elicited with a
stimulator-ophthalmoscope, full-field ERGs, and
fundus appearance.

Some of these patients, randomly selected, were
recalled within 2 months of a given visit to measure
intervisit variability and develop criteria for what
constitutes significant functional change (Table
63-1). For example, ERG amplitudes to 30-Hz
flashes of white light would have had to decline by
more than 44% to be certain with 99% confidence
that change had actually occurred in any given pa-
tient. The visual field area would have had to de-
cline by more than 22% to be certain at the p < .01
level of confidence that a patient had lost visual
field.'?

Changes in visual function in this study popula-
tion are summarized in Table 63-2. By year 3, 77%
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Threshold Criteria for Significant (P < .01) Change in Visual Function in a Study Population With

Retinitis Pigmentosa*

Change (%)t

Test n In Change Loss Improvement
Visual acuity 32 0.235 26 21
Visual field 28 0.252 22 29
Dark threshold 26 0.464 — —
Foveal ERG 25 0.470 37 60
Full-field ERG

0.5 Hz 27 0.369 31 45

30 Hz 29 0.575 44 78

37 or 42 Hz 27 0.617 46 85

*From Berson EL, Sandberg MA, Rosner B, Birch DG, Hanson AH: Am J Ophthalmol 1985; 99:240. Used by per-

mission.
tChange relative to baseline.

had become worse or progressed, none had re-
gressed, and 23% were unchanged on at least one
full-field ERG test condition. The P value comparing
number worse to number better was highly signifi-
cant for all full-field ERG test conditions by year 2
and for the foveal ERG test condition by year 3.
With respect to geometric means (Table 63-3), vi-
sual acuity changed on average over the 3-year inter-
val from 20/39 to 20/40, and visual field area, ex-
pressed as equivalent circular diameter including all
remaining islands of vision, decreased from a mean
diameter of 66.5 degrees at baseline to a mean diam-
eter of 61.9 degrees at year 3. Mean final dark-
adapted thresholds remained comparable over this
period. The mean full-field ERG amplitude to 0.5-Hz
white light declined from 11.3 wV at baseline to 9.4
uV at year 1, 7.8 nV at year 2, and 6.7 uV at year 3;
patients lost on average 16% of remaining amplitude

per year. Full-field cone responses to 30-Hz flicker
declined from 2.1 uV at year 0 to 1.1 uV at year 3;
patients lost on average 18.5% of remaining full-field
cone ERG amplitude per year. Over this 3-year inter-
val, bone spicule pigment increased in 54% for
whom comparisons could be made by inspection of
fundus photographs, thus suggesting that this
method of following the condition was not as sensi-
tive as full-field ERG testing.'> *°

Caution must be exercised in applying these pop-
ulation results to predict longitudinal patterns in in-
dividual patients because standard deviations de-
rived from standard errors indicated considerable
variation about the mean for this population. How-
ever, these results provide a framework in which to
consider risk factors that may be affecting the course
of this condition, particularly as monitored by full-
field ERG testing.'”

TABLE 63-2.
Change in Visual Function in a Study Population With Retinitis Pigmentosa*
Years 0—1 Years 0-2 Years 0—-3
Test n %—1 %+t %0§ P % — %+ %0 P %~ %+ %0 P
Visual acuity 93 26 3 71 <.001 26 9 66 .007 23 11 67 NS
Visual field 92 21 16 63 NS 28 11 61 .012 33 14 53 .015
Dark adaptation threshold 75 21 15 64 NS 25 14 61 NS 23 19 59 NS
Foveal ERG 71 10 14 76 NS 13 14 72 NS 32 10 58 .005
Full-field ERG
0.5 Hz 71 18 4 78 .021 49 4 46 <.001 62 0 27 <.001
30 Hz 82 13 4 83 NS 42 1 56 <.001 50 0 50 <.001
37 or 42 Hz 77 10 1 88 .039 37 1 62 <.001 44 0 56 <.001
Combined 86 24 6 70 .002 58 3 38 <.001 77 0 23 <.001

*From Berson EL, Sandberg MA, Rosner B, Birch DG, Hanson AH: Am J Ophthalmol 1985; 99:240. Used by permission.

tPercentage with disease progression.
tPercentage with disease regression.
§Percentage with no change.
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TABLE 63-3.
Mean Change in Visual Function Over 3 Years in a Study Population With Retinitis Pigmentosa*
Geometric Mean P Annual
Change
Test n Year O Year 1 Year 2 Year 3 Years 0-1 Years 0—-2 Years 0—3 (%)
Visual acuity 91 20/39 20/45 20/44 20/40 <.001 <.001 NS 1.2
Visual field 90 3,463 3,395 3,197 3,011 NS NS .038 4.6
66.5° 65.6° 63.8° 61.9°
Foveal ERG (0.18 pV)t 67 0.15 0.16 0.15 0.13 NS NS .009 5.2
Full-field ERG
0.5 Hz (350 uV)t 68 11.34 9.46 7.89 6.72 <.001 <.001 <.001 16.0
30 Hz (50 pV)t 76 2.16 1.76 1.28 1.17 <.001 <.001 <.001 18.5
37 or 42 Hz (44 pV)t 75 0.92 0.76 0.57 0.52 <.001 <.001 <.001 174

*From Berson EL, Sandberg MA, Rosner B, Birch DG, Hanson AH: Am J Ophthalmol 1985; 99:240. Used by permission.

tLower norms.

RARE TREATABLE FORMS

One rare form of retinitis pigmentosa, potentially
treatable if detected in an early stage, is that associ-
ated with hereditary abetalipoproteinemia (Bassen-
Kornzweig syndrome).* These patients have fat mal-
absorption, generalized retinal degeneration, diffuse
neuromuscular disease with ataxia, acanthocytosis,
low serum cholesterol and triglyceride levels, and an
absence of apolipoprotein B in their plasma.?” *® Un-
treated patients generally present with steatorrhea

in childhood, ataxia in adolescence, and visual
symptoms in early adult life.”® Because they do not
make chylomicrons, they cannot efficiently absorb
fat and fat-soluble vitamins. Patients develop a defi-
ciency of vitamins A and E in serum with conse-
quent effects on retinal function and loss of photore-
ceptor cells.?* 3 They also develop vitamin K
deficiency and show excessive bleeding at surgery.
Large doses of vitamin A have resulted in a return of
the dark adaptation threshold and ERG responses to
normal in the early stages, with a therapeutic effect

ERGs in Hereditary Abetalipoproteinemia

Pre—treatment

Red (0.5 Hz)

Blue (0.5 Hz)

White (0.5 Hz)

FIG 63-5.

6 Hrs. Post Vit. A 24 Hrs. Post Vit. A

]

Full-field ERGs to red (top) and blue (middle) light, equal for rod vision, and a brighter white stimulus (bottom) from a patient
with hereditary abetalipoproteinemia (dark adapted). Responses in the left column were obtained before vitamin A therapy,
those in the middle column at 6 hours, and those on right at 24 hours after vitamin A therapy. Two to three responses to the
same stimulus are superimposed. Light stimulus begins with each trace. The calibration (lower right) signifies 0.06 mV verti-
cally and 60 ms horizontally. (From Gouras P, Carr RE, Gunkel RD: Invest Ophthalmol Vis Sci 1971; 10:790. Used by permis-

sion.)
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reported in one case within 24 hours after the ad-
ministration of vitamin A (Fig 63-5).% 32 More ad-
vanced cases have not responded to treatment. Vita-
min E has also been advocated to prevent the
progression of this retinal degeneration.'” The rec-
ommended treatment for this condition at present
is fat restriction sufficient to minimize diarrhea
and approximately 300 units/kg/day of vitamin A
in water-soluble form, 100 units/kg/day of vitamin
E, and 0.15 mg/kg/day of vitamin K. Because these
patients have a deficiency of essential fatty acids
in their serum, omega-3 fatty acids (i.e., eicosa-
pentanoic acid, and docosahexanoic acid) have also
been recommended in the amount of 0.10 g/kg/
day.®® Serum levels of vitamin A should be moni-
tored to avoid toxicity. The long-term effects of vita-
min A and E and essential fatty acids in preserving
retinal function in this condition remain to be estab-
lished.

Another rare form of retinitis pigmentosa that is
potentially treatable is that seen in association with
Refsum’s disease,** an inborn error of metabolism in
which patients accumulate exogenous phytanic
acid.* Findings include a peripheral neuropathy,
ataxia, an increase in cerebrospinal fluid protein lev-
els with a normal cell count, and retinitis pigmen-
tosa. Some patients have a loss of smell, neurogenic

507

impairment of hearing, electrocardiographic (ECG)
abnormalities, and skin changes resembling ichthyo-
sis. A defect exists in the conversion of phytanic acid
to a-hydroxyphyanic acid.*® The pathogenesis ap-
pears to involve an accumulation of phytanic acid in
a variety of tissues including the pigment epithe-
lium.* >* Treatment consists of restricting not only
animal fats and milk products (i.e., foods that con-
tain phytanic acid) but also green leafy vegetables
containing phytol.””” ** Success of treatment also de-
pends on the patient maintaining body weight; if
body weight becomes reduced, phytanic acid is re-
leased from tissue stores and results in an increase
of phytanic acid in the serum and exacerbation of
symptoms. Refsum has reported two patients whose
serum phytanic acid levels were lowered to normal
and who showed improvement in motor-nerve con-
duction velocity, some relief of ataxia, and return of
cerebrospinal fluid protein levels to normal.*® More-
over, the retinitis pigmentosa and hearing loss did
not progress; one of his patients was followed for 10
years and the other for many years. A young adult
with a mild form of this disorder has been reported
to retain a stable ERG while maintained on a low-
phytol, low-phytanic acid diet for 4 years (Fig
63-6).° The long-term effects of this diet on retinal
function continue to be studied.

Refsum’s Disease: Effects of Low Phytanic Acid Diet

Blue (0.5 Hz) White (0.5 Hz) White(30 Hz)

Normal

Patient
Pre-diet :
Diet- 4 yrs. N»w\

FIG 63-6.

|

50 msec

Full-field ERGs from a normal subject and a patient with a mild form of Refsum’s disease prior to and 4 years after treatment
with a low-phytol, low—phytanic acid diet. Pretreatment responses were recorded at 31 years of age. (From Berson EL: Jpn J

Ophthalmol 1987; 31:344. Used by permission.)
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SUMMARY

Some progress has been made in defining the nat-
ural course of the common forms of retinitis pigmen-
tosa on a year-to-year basis. Affected individuals can
be identified in early life, even at a time when
changes visible with an ophthalmoscope are mini-
mal or absent, by demonstrating reduced ERGs with
delayed temporal characteristics. Specialized record-
ing techniques making use of both computer averag-
ing and narrow-band-pass filtering have allowed
quantification of retinal function in most patients. In
a prospective study of an outpatient population, af-
fected individuals aged 6 to 49 years lost on average
16% to 18.5% of remaining full-field ERG amplitude
per year. It remains to be established to what extent
these rates can be used to establish the course for in-
dividual patients.

Further study of the course of the condition pro-
spectively in well-defined populations may reveal
potential ameliorating or aggravating factors in the
common forms. Two rare forms of retinitis pigmen-
tosa, namely, those associated with abetalipopro-
teinemia and Refsum’s disease, have yielded to spe-
cific treatments in selected patients once the
biochemical defects were understood. Discovery of
biochemical abnormalities in the common forms may
set the stage for rational therapeutic trials for the
majority of patients for whom no treatments are yet
known.

Acknowledgment

This study was supported in part by National Eye
Institute Specialized Research Center Grant P50 EY
02014 and Project Grant EY00169 and in part by the
National Retinitis Pigmentosa Foundation, Balti-
more.

REFERENCES

1. Ammann F, Klein D, Franceschetti A: Genetic and
epidemiological investigation of pigmentary degener-
ation of the retina and allied disorders in Switzer-
land. | Neurol Sci 1965; 2:183-196.

2. Armington JC, Gouras P, Tepas DI, Gunkel RD: De-
tection of the electroretinogram in retinitis pigmen-
tosa. Exp Eye Res 1961; 1:74.

3. Andréasson SOL, Sandberg MA, Berson EL: Narrow-
band filtering for monitoring low-amplitude cone
electroretinograms in retinitis pigmentosa. Am | Oph-
thalmol 1988; 105:500-503.

4. Bassen FA, Kornzweig AL: Malformation of the
erythrocytes in a case of atypical retinitis pigmentosa.
Blood 1950; 5:381-387.

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

. Bell J: Retinitis pigmentosa and allied diseases of the

eye, in Pearson K (ed): Treasury of Human Inheritance,
vol 2. London, Cambridge University Press, 1922.

. Berson EL: Electroretinographic findings in retinitis

pigmentosa. Jpn | Ophthalmol 1987; 31:327-348.

. Berson EL: Retinitis pigmentosa and allied diseases:

Applications of electroretinographic testing. Int Oph-
thalmol 1981; 4.7-22.

. Berson EL: Retinitis pigmentosa and allied retinal dis-

eases: Electrophysiologic findings. Trans Am Acad
Ophthalmol Otolaryngol 1976; 81:659-666.

. Berson EL: Retinitis pigmentosa and allied diseases:

Some aspects of diagnosis, pathogenesis and manage-
ment, in Night Vision: Current Research and Future Di-
rections. Washington, DC, Committee on Vision, Na-
tional Research Council, National Academy Press,
1987, pp 41-55.

Berson EL: Retinitis pigmentosa, the electroretino-
gram, and Mendel’s laws. Trans Pa Acad Ophthalmol
Otolaryngol 1973; 26:109-113.

Berson EL, Gouras P, Gunkel RD: Rod responses in
retinitis pigmentosa, dominantly inherited. Arch Oph-
thalmol 1968; 80:58.

Berson EL, Gouras P, Hoff M: Temporal aspects of
the electroretinogram. Arch Ophthalimol 1969; 91:207 -
217.

Berson EL, Howard M]: Temporal aspects of the elec-
troretinogram in sector retinitis pigmentosa. Arch
Ophthalmol 1971; 86:653—665.

Berson EL, Rosner B, Simonoff EA: Risk factors for
genetic typing and detection in retinitis pigmentosa.
Am | Ophthalmol 1980; 89:763-775.

Berson EL, Sandberg MA, Rosner B, Birch DG, Han-
son AH: Natural course of retinitis pigmentosa over a
three-year interval. Am | Ophthalmol 1985; 99:240-251.
Berson EL, Simonoff EA: Dominant retinitis pigmen-
tosa with reduced penetrance: Further studies of the
electroretinogram. Arch Ophthalmol 1979; 97:1286-
1291.

Bishara S, Merin S, Cooper M, Azizi E, Delpre G,
Deckelbaum R]: Combined vitamin A and E therapy
prevents retinal electrophysiological deterioration in
abetalipoproteinemia. Br | Ophthalmol 1982; 66:767 -
770.

Bjork A, Karpe G: The electroretinogram in retinitis
pigmentosa. Acta Ophthalinol 1951; 29:361.

Boughman JA, Conneally PM, Nance WE: Population
genetic studies of retinitis pigmentosa. Am | Hum
Genet 1980; 32:223-235.

Boughman JA, Fishman GA: A genetic analysis of
retinitis pigmentosa. Br | Ophthalmol 1983; 67:449—
454.

Bundy S, Crews SJ: Wishes of patients with retinitis
pigmentosa concerning genetic counseling. | Med
Genet 1982; 19:317-318.

Bunker CH, Berson EL, Bromley WC, Hayes BA, Ro-
derick TH: Prevalence of retinitis pigmentosa in
Maine. Am | Ophthalmol 1984; 97:357-365.

Carr RE: Abetalipoproteinemia and the eye. Birth De-
fects 1976; 12:385-399.

Cogan DG, Rodrigues M, Chu FC, Schaefer EJ: Ocu-
lar abnormalities in abetalipoproteinemia: A clinico-
pathologic correlation. Ophthalmology 1984; 91:991 -
998.



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.
39.

40.

Duke-Elder S, Dobree JH: System of Ophthalmology, vol
10, Diseases of the Retina. St Louis, CV Mosby Co,
1967.

Eldjarn L, Stokke O, Try K: a-Oxidation of branched
chain fatty acids in man and its failure in patients
with Refsum’s disease showing phytanic acid accu-
mulation. Scand | Clin Lab Invest 1966; 18:694-695.
Eldjarn L, Stokke O, Try K: Biochemical aspects of
Refsum’s disease and principles for the dietary treat-
ment, in Vinken PJ, Bruyn GW (eds): Handbook of
Clinical Neurology, vol 27. Amsterdam, Elsevier Sci-
ence Publishers, 1976, pp 519-541.

Fishman GA, Maggiano GH, Fishman M: Foveal le-
sions seen in retinitis pigmentosa. Arch Ophthalmol
1977; 95:1993-1996.

Franceschetti A, Francois J, and Babel J: Les Héredo-
dégenerescences Choriorétiniennes. Paris, Masson & Cie,
1963.

Goodman G, Gunkel RD: Familial electroretino-
graphic and adaptometric studies in retinitis pigmen-
tosa. Am | Ophthalmol 1958; 46:142-178.

Gouras P, Carr RE: Electrophysiological studies in
early retinitis pigmentosa. Arch Ophthalmol 1964;
73:104-110.

Gouras P, Carr RE, Gunkel RD: Retinitis pigmentosa
in abetalipoproteinemia: Effects of vitamin A. [nvest
Ophthalmol Vis Sci 1971; 10:784-793.

Heckenlively JR: The frequency of posterior subcap-
sular cataracts in the hereditary retinal degenerations.
Am | Ophthalmol 1982; 93:733-738.

Heckenlively JR, Yoser SL, Friedman LH, Oversier J]:
Clinical findings and common symptoms in retinitis
pigmentosa. Am ] Ophthalmol 1988; 105:504—-511.
Henkes HE, van der Tweel LH, van der Gon JJD: Se-
lective amplification of the electroretinogram. Ophthal-
mologica 1956; 132:140.

Hu DN: Genetic aspects of retinitis pigmentosa in
China. Am | Med Genet 1982; 12:51-56.

Jampel RS, Falls HF: Atypical acanthrocytosis, and
heredodegenerative neuromuscular disease. Arch
Ophthalmol 1958; 59:818-820.

Jay M: On the heredity of retinitis pigmentosa. Br |
Ophthalmol 1982; 66:405—-416.

Karpe G: Basis of clinical electroretinography. Acta
Ophthalmol Suppl 1945; 24:84.

Klenk E, Kahlke W: Uber das Vorkommen der
3,7,11,15-tetramethylhexadecansdure (Phytansdure) in
den Cholesterinestern und anderen Lipoidfraktionen
der Organe bei einem Krakheitsfall unbekannter Gen-
ese (Verdacht auf Heredopathia atactica polyneuriti-
formis (Refsum syndrome). Hoppe Seylers Z Physiol
Chem 1963; 333:133-139.

Retinitis Pigmentosa: Some Observations on the Course

41.

42,

43.

45.

46.

47.

48.

49.

50.

51.
52.

53.

509

Leber T: Die Pigmentdegeneration der Netzhaut und
mit ihr verwandte Erkrankungen, in Saemisch-Hess
G (ed): Handbuch der gesamten Augenheilkunde, vol 2.
Leipzig, East Germany, W Engelmann, 1916, pp
1076-1225.

Masters-Thomas A, Bailes ], Billimoria JD, Clemens
ME, Gibberd FB, Page NG: Heredopathia atactica
polyneuritiformis (Refsum’s disease): Estimation of
phytanic acid in foods. ] Hum Nutr 1980; 34:251-254.
Matsunaga N, Lin Y: Studies on the Clinical Aspect, Eti-
ology, and Epidemiology of Retinitis Pigmentosa. Retinitis
Pigmentosa Study Group, Ministry of Health and
Welfare, Government of Japan, 1977, pp 119-125.

. Pruett RC: Retinitis pigmentosa: A biomicroscopical

study of vitreous abnormalities. Arch Ophthalmol 1975;
93:603-608.

Refsum S: Heredopathia atactica polyneuritiformis: A
familial syndrome not hitherto described. Acta Psychi-
atr Neurol Scand Suppl 1946; 38:1-303.

Refsum S: Heredopathia atactica polyneuritiformis
phytanic-acid storage disease, Refsum’s disease: A
biochemically well-defined disease with a specific di-
etary treatment. Arch Neurol 1981; 38:605.

Robertson DH: Haematomas of the optic disc with
retinitis pigmentosa. Am | Ophthalmol 1972; 24:526—
531.

Salt HB, Wolff OH, Lloyd JK, Fosbrooke AS, Cam-
eron AH, Hubble DV: On having no betalipoprotein.
A syndrome comprising a-beta-lipoproteinemia, acan-
thocytosis and steatorrhea. Lancet 1960; 2:325-329.
Sandberg MA, Berson EL, Rosner B: Pigmentary reti-
nal change and loss of electroretinogram function in
retinitis pigmentosa over a three-year interval, in La-
Vail MM, Hollyfield JG, Anderson RE (eds): Retinal
Degeneration: Experimental and Clinical Studies. New
York, Alan R Liss, Inc, 1985, pp 109-114.

Schaefer EJ: Diagnosis and management of ocular ab-
normalities in abetalipoproteinemia, in Zrenner E,
Krastel H, Goebel HH (eds): Research in Retinitis Pig-
mentosa, Advances in Biosciences, vol 62. Elmsford, NY,
Pergamon Press, Inc, 1987.

Sieving PA, Fishman GA: Refractive errors of retinitis
pigmentosa patients. Br | Ophthalniol 1978; 62:163—
167.

Toussaint D, Danis P: An ocular pathologic study of
Refsum’s syndrome. Am | Ophthalmol 1971; 72:342-
347.

von Sallmann L, Gelderman AH, Laster L: Ocular
histopathologic changes in a case of a-beta-
lipoproteinemia (Bassen-Kornzweig syndrome). Doc
Ophthalmol 1969; 26:451-460.



