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Fig. 7 Thresholds during dark
adaptation for patients 3 (filled
circles) and 4 (filled triangles) ata
retinal eccentricity of 10°. The line
through the filled symbols
represents the best-fitting
exponential, fitted to the grouped
data for patients 3 and 4, with a time
constant of 19-9 min. The open
symbols represent dark adaptation
curves for three normal observers at
this eccentricity, replotted from Fig.
4.
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and near normal rod-mediated absolute thresholds in
the far periphery. Dark adaptation curves were also
quite similar for the two and have been plotted
together in Fig. 10, along with three normal dark
adaptation curves at this eccentricity, replotted from
Fig. 2. Both patients showed a mild prolongation of
the return of rod sensitivity (t=11-4 min, grouped
data). A mildly prolonged dark adaptation curve (t=
13-5 min) was also obtained in a third individual
(patient 7), a carrier of X-linked RP (Table 1).

Two additional patients with autosomal dominant
RP, two with X-linked recessive RP, and one carrier
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Fig. 8 Absolute thresholds for patient 5 across the
horizontal meridian of the visual field (other details as in
Fig. 1).

of X-linked recessive RP had dark adaptation curves
with time constants (7-6 to 10-1 min) that fell within
+2 SD of the mean time constant for the normal
subjects. All had field defects ranging from mild to
severe and had mild to severe reductions in cone and
rod ERG amplitudes. There were no apparent
systematic differences in ocular characteristics
between those individuals showing prolonged dark
adaptation and those with normal bleaching recovery.

The recovery of rod sensitivity following exposure
to a weak bleaching light is shown for two patients (1
and 3) in Figs. 11 and 12. These two patients had
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Fig. 9 Absolute thresholds for patient 6 across the
horizontal meridian of the visual field (other details as in
Fig. 1).
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Fig. 10  Thresholds during dark adaptation for patients 5

(filled circles) and 6 (filled squares) at a retinal eccentricity of
45°. The line through the filled symbols represents the best-
fitting exponential, fitted to the grouped data for patients 5
and 6, with a time constant of 1 1-4 min. The open symbols
represent dark adaptation curves for three normal observers
at this eccentricity, replotted from Fig. 2.

shown prolonged rod recovery after the moderate
bleaching light. Open circles in Figs. 11 and 12 repre-
sent dark adaptation for a normal observer; the solid
line through the open symbols is the predicted
threshold curve based on the regeneration of
rhodopsin (t=6 min).” For the normal observer the
thresholds during the initial portion of dark adapta-
tion are considerably higher than predicted from the
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concentration of bleached rhodopsin. Possible
explanations for this discrepancy have been suggested
by other workers and will be presented in the
Discussion. However, the thresholds during the later
phase of bleaching recovery conformed well to the
values predicted on the basis of rhodopsin regenera-
tion, as found by previous workers.”

For the RP patients the initial portion of the dark
adaptation curve following the weak bleach cor-
responded to the result for the normal observer,
suggesting that this earliest part of rod dark adaptation
is normal in these two patients. However, near the
point where the thresholds apparently begin to be
determined by rhodopsin in the normal observer the
dark adaptation curves for the RP patients showed a
decreased rate of recovery. For the RP patients the
best-fit exponentials (t=52-7 min, patient 1; 13 min,
patient 3) were begun at the point where thresholds
diverged from normal. As with the moderate bleach,
the recovery of rod sensitivity following a weak
bleach took a considerably longer time than normal
in these RP patients.

Discussion

Previous investigators have reported that the time
course of rod dark adaptation in RP is normal.*™*
However, we have found evidence of prolonged
psychophysical dark adaptation in several patients
with RP. Of the nine patients and three X-linked
recessive carriers who were tested five patients and
two carriers showed a delayed recovery of sensitivity,
ranging from mild to severe. The prolonged dark
adaptation was not restricted to a particular retinal
region but was found at the two retinal locations that

Fig. 11  Thresholds for the
middle-wavelength test flash during
dark adaptation, following a 30 s
exposure to the weak bleach, for
patient I (filled circles) at a retinal
eccentricity of 45° and one normal
subject (open circles) at aretinal
eccentricity of 20°. The solid line
through the open circles represents
the expected threshold values based
on the regeneration of rhodopsin,
with a time constant of 6 min (see
text for details). The solid line
through the filled circles represents
the best-fitting exponential for
patient 1, with a time constant of
52-7 min. Curvefitting was begun at
the point where thresholds diverged

Time (min)

from normal (other details as in
Fig.2).
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Fig. 12 Thresholds during dark adaptation following the
weak bleach for patient 3 (filled circles) at a retinal
eccentricity of 20°, with a time constant of 13 min (other
details asin Figs. 2and 11).

were tested in each patient. Furthermore, the pro-
longation appears to be unrelated to the degree of
rod sensitivity loss, since retinal regions that had
nearly normal absolute thresholds sometimes
exhibited a marked prolongation.

One of the primary differences between our pro-
cedure and that of earlier investigators>* is that we
measured the prebleach dark-adapted sensitivity of
these patients to establish a baseline to which the
patients’ sensitivity should return.® Because the dark
adaptation was so prolonged in several of our RP
patients, without such a baseline it might have been
erroneously concluded that the bleaching recovery of
these patients had ended at the normal time.

In four of the dark adaptation curves reported
(Figs. 2, 4, 7, 10) the thresholds failed to reach the
prebleach level before the testing session was term-
inated owing to patient considerations. It is unlikely
that the failure to reach the prebleach value was the
result of an error in measuring the prebleach
threshold. First, we retested the absolute thresholds
of three patients (nos. 1, 3, and 5) in subsequent
sessions and found that the values differed at most by
only a few tenths of a log unit between sessions. This
variability is comparable to that of our normal
observers and is not large enough to account for our
results. Secondly, prolonged dark adaptation curves
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with similar time constants were observed at both of
the retinal locations that were tested in each patient.
Such consistency in results would be unlikely to occur
if the prolonged dark adaptation were simply the
result of changes in fixation. Thirdly, as shown in
Figs. 11 and 12, rod thresholds ultimately reached
their prebleach value if dark adaptation was measured
after a weaker bleach. Therefore it is most likely that
the failure of the rod thresholds to reach their pre-
bleach value in Figs. 2, 4, 7, and 10 is the result of a
prolonged rod bleaching recovery.

The prolonged time course of rod dark adaptation
observed in these RP patients and carriers is most
probably due to an abnormality in photopigment
bleaching and/or regeneration kinetics. However,
since the relationship between visual threshold and
the underlying photochemical events in the normal
eye is uncertain at present,’ ' the specific mechanism
responsible for the prolonged rod dark adaptation
cannot be specified. Nevertheless, it is of interest that
the prolongation of dark adaptation appears to be
limited to the later phase of rod recovery. This is
shown most clearly by one X-linked recessive carrier
(patient 2) following the moderate bleach and by
patients 1 and 3 following the weak bleach.

For patient 2 the thresholds between 7 and 13
minutes after bleach (Fig. 4) follow the normal course
of bleaching recovery. At 13 min, however, dark
adaptation slows substantially and then proceeds with
a delayed time course. (Presumably a similar normal
recovery of rod sensitivity early in dark adaptation
would be observed in the other RP patients if cones
did not prevent the measurement of rod sensitivity.)
This biphasic recovery of rod sensitivity may be due
to a regeneration of rhodopsin that proceeds at two
different rates, similar to that reported by Alpern and
Krantzinuveal disease.'* Alternatively, the flatténing
of the rod recovery curve might reflect the slow
removal of a bleaching photoproduct that desensitises
the rods." '

For RP patients 1 and 3 the initial portion of the
dark adaptation curve following the weak bleach is
normal (Figs. 11 and 12), whereas the later phase is
abnormally slow. The early portion of rod dark
adaptation under these conditions has been shown to
be unrelated to the concentration of bleached
rhodopsin, and has been variously attributed to
‘neural’ factors'® or to the presence of putative
bleaching photoproducts such as ‘X-opsin’'® or ‘S,.""
The later phase of dark adaptation following a weak
bleach has generally been attributed to the regenera-
tion of bleached rhodopsin.” It is this later phase of
dark adaptation following the weak bleach that is
abnormal in our RP patients 1 and 3.

These results suggest that there is an impairment in
the processes underlying rod dark adaptation in these
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patients and carriers that may be related to the
regeneration of rhodopsin. Previous studies of
rhodopsin regeneration in RP patients, by the tech-
nique of reflection densitometry, have shown that the
regeneration rate is within normal limits."” '®* How-
ever, only a few patients have been studied, and it is
possible that results would have been different in
other patients. Conversely, the prolonged rod dark
adaptation may be due to factors other than delayed
rhodopsin regeneration, such as the slow removal of
bleaching by products that desensitise the rods.>'®
Further research is needed to determine the basis for
the prolonged rod dark adaptation in these RP
patients and carriers.
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