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Rod and Cone Perimetry:
Computerized Testing and Analysis

Samuel G. Jacobson
Peter P. Apdthy
Jean-Marie Parel

The traditional visual function test used to evaluate
patients with known or suspected retinal disease is
the full-field electroretinogram (ERG). Although the
ERG can be exquisitely sensitive to rod- and cone-
mediated dysfunction, it cannot provide information
about how the dysfunction varies across the retina.
The visual field examination can be used to deter-
mine regional retinal variations in function, but as
performed conventionally, it is not meant to distin-
guish rod- from cone-mediated dysfunction.

The technique known as “two-color, dark-
adapted, static-threshold perimetry” is designed to
measure the degree to which rod- and cone-medi-
ated sensitivities are impaired in different retinal re-
gions.”>~!7 This test has been applied mainly to the
study of patients with retinitis pigmentosa (RP), and
results therefrom support the idea that there are
subtypes of RP with distinctly different mechanisms
of rod and cone dysfunction.> '* > 1617 Recently,
rod and cone perimetric techniques were also used
to define patterns of dysfunction in cone-rod dystro-

23
phy.

To permit rod and cone perimetry to be per-
formed as part of the routine evaluation of our pa-
tients with retinal degeneration, we modified a com-
mercially available computerized perimeter’ and
developed computer programs to analyze and dis-
play the data." In this chapter, we review the princi-
ples, testing methods, and data analyses for our
technique of rod and cone perimetry and provide ex-

amples of test results to demonstrate applications of
this technology to the understanding of retinal de-
generative diseases.

Figure 60-1 illustrates the principles of two-color,
dark-adapted, static perimetry. The two curves in
each of the four panels are the photopic or cone
(dashed lines) and scotopic or rod (solid lines) spec-
tral sensitivity functions.”? The two wavelengths
marked on the curves, 500 nm (circles) and 650 nm
(squares), are the two stimulus colors used in this
testing. In the fully dark adapted state, with the 500-
and 650-nm targets equated in energy, the rod sys-
tem is about 3 log units (32 dB) more sensitive to the
500-nm than to the 650-nm stimulus, while the
cones are 0.8 log units (8 dB) more sensitive to 500
than to 650 nm.

At all extrafoveal test loci in normal subjects, rods
mediate detection of both stimuli; this is exemplified
in Figure 60—1, upper left. Three types of abnormal
visual function are shown in the other panels of Fig-
ure 60—1. If both rod and cone sensitivities are im-
paired to the same degree (Fig 60—1, upper right) or
if cone sensitivity is decreased more than that of
rods, there will still be rod-mediated detection of the
two stimuli. With rod sensitivity impaired more than
cone sensitivity there can be “mixed” mediation,
i.e., the 500-nm target is detected by the rods, but
650 nm is detected by cones (Fig 60—1, lower left).
Cone-mediated detection of both stimuli occurs
when there is such severe impairment of rod sensi-
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FIG 60-1.

Rod (solid lines) and cone (dashed lines) spectral sensitiv-
ity functions at different positions along the vertical axis rel-
ative to one another. The two wavelengths marked on the
curves (500 nm, circles; 650 nm, squares) are those of the
test stimuli used in two-color, dark-adapted, static perimetry.
Normal rod and cone sensitivity at a locus with rod media-
tion is in the upper left, abnormalities in rod and cone sen-
sitivity with rod mediation are shown in the upper right,
mixed rod and cone mediation is in the lower left, and cone
mediation is shown in the lower right.

tivity that it is worse than cone sensitivity for both
stimulus wavelengths; this can occur in the presence
of normal or reduced cone sensitivity (Fig 60-1,
lower right).

Thus the difference in sensitivities to the 500- and
650-nm stimuli at a retinal location indicates which
photoreceptor mediates detection there. The three

possible photoreceptor mediations are (1) rod-medi-
ated detection (sensitivity difference of 32 dB), (2)
mixed rod and cone detection (sensitivity difference
between 8 and 32 dB), and (3) cone-mediated detec-
tion (sensitivity difference of 8 dB). The sensitivity
levels, if lower than normal, indicate the degree of
sensitivity loss." *

As is evident from the upper panels in Figure
60—1, when rods detect both stimuli in the dark-
adapted state, there is no measure of cone-mediated
sensitivity. For this reason, we also measure sensi-
tivity for a 600-nm target in the light-adapted state
(10-cd/m? white background light), thereby deter-
mining cone-mediated function independent of rod
function.

Figure 60-2 is a photograph of the modified com-
puterized projection bowl perimeter; adjacent to it is
a microcomputer used for data transfer and analysis.
Interference filters were inserted into the optical
pathway to be able to test specific stimulus wave-
lengths, and all stray light leaks into the bowl were
eliminated to permit dark-adapted thresholds to be
measured. An infrared television system was in-
stalled for monitoring of fixation in the light and
dark. A full-field test strategy was devised to exam-
ine 75 loci (on a 12-degree grid with 4 extra loci cen-
trally) and a foveal locus within an elliptical field of
vision extending 72 degrees temporally, 48 degrees
nasally, 36 degrees superiorly, and 48 degrees inferi-
orly. Details of these and other modifications have
been published.’

The test session begins with instruction of the pa-
tient about the purpose and conduct of the proce-

P Computerized Perimeter
7 Interference Filter
e Fixation Monitor

Infrared TV Camera

Microcomputer

FIG 60-2.

Instrumentation used to perform and to analyze data from
rod and cone perimetry.
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dure. To familiarize the patient with the testing, pro-
vide practice at the test, and determine the locations
of any absolute scotomas, a rapid “screening” test is
administered first.> This test is performed monocu-
larly by using the full-field test strategy (75 loci) in
the light-adapted state with a white stimulus target
(Goldmann size V, 103-minute diameter; single in-
tensity of 3,183 cd/m?) and requires no more than 3
to 4 minutes per eye for completion. If the results
from the two eyes are symmetrical, only one eye is
tested thereafter. After mydriatic-cycloplegic eye-
drops are instilled and have taken effect in the test
eye, threshold testing is performed first in the light-
adapted state (600-nm target, 103-minute diameter).
The patient’s test eye is then dark-adapted (45 min-
utes), and the threshold protocol is repeated in the
dark-adapted state for the 650-nm and 500-nm tar-

gets (103-minute diameter). The test time for each
full-field threshold test is about 15 minutes. The fix-
ation pattern of the patient is determined at each
test session by using either a visuscope or a fundus
perimeter; if fixation is not central, the position of
the eccentric fixation locus is noted so that the re-
sults of the perimetry can be interpreted correctly.??
Patients with high refractive errors wear corrective
soft contact lenses during the test.

Figure 60-3 shows the steps in the analyses of
the light-adapted thresholds and the two sets of
dark-adapted threshold measurements. The auto-
mated perimeter is used only to collect and store the
raw data; all further analyses are performed on an
auxiliary microcomputer. Software has been devel-
oped to determine photoreceptor mediation from
the results of the dark-adapted testing; statistical cri-

LIGHT-ADAPTED
TESTING
(600 nm)

DARK-ADAPTED
TESTING
(500 nm, 650 nm)

TRANSFER DATA TO

TRANSFER DATA TO

MICROCOMPUTER MICROCOMPUTER
DECODE DECODE DISPLAY DATA
DATA DATA * NUMERICAL
* GREY SCALE
* PERSPECTIVE
* CONTOUR
DETERMINE DISPLAY
PHOTORECEPTOR PHOTORECEPTOR
MEDIATION MEDIATION MAP

CALCULATE CONE
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CALCULATE ROD
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|

I

FIG 60-3.

Steps in the processing of data from rod and cone perimetry.
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teria are used to classify test loci as rod, cone, or abnormal sensitivity (defined as lower than 2.6 SD
mixed.! Rod sensitivity loss is determined for rod from the normal mean at the locus).
and mixed loci by comparing the patient’s dark- Figure 60—4 shows the results of rod and cone pe-
adapted sensitivity at 500 nm to that of the normal rimetry in the left eyes of two patients with typical
mean sensitivity for each locus. Cone sensitivity loss RP.* '* These results exemplify the two different
is based on comparisons between the patient and types of visual dysfunction identified in autosomal
normal mean light-adapted sensitivity to 600 nm. dominant and simplex/multiplex RP.'> 13 1617 [n
Sensitivity loss is only calculated for test loci with the upper row are the photoreceptor mediations at
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FIG 60-4.

Photoreceptor mediation at each of the 75 test locations (upper row) and rod (middle row) and cone (lower row) sensitivity
losses displayed in gray scale for the left eyes of two patients with RP (left and right columns) representing different functional
subtypes. Gray scale representation employs 15 levels of gray, each covering a 4-dB range in sensitivity loss. Maximum
(MAX) loss is shown as black. See the text for an explanation of symbols in the mediation map.
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each of the 75 test loci based on the results of two-
color, dark-adapted, static perimetry. The symbols
R, M, and C represent rod, mixed and cone media-
tion; where a question mark precedes these media-
tions, only one color was detected.! Double question
marks indicate that neither color was detected and
mediation was therefore impossible to determine
from the data; “X” is the blind spot. In the middle
row are gray scale maps of rod sensitivity loss, and
in the lower row are the maps of cone sensitivity
loss. Black indicates that there was no measurable
response at the locus to the maximum-intensity
stimulus. Rod sensitivity loss at cone-mediated loci
is indeterminate and also displayed as black.

The data in the left column of Figure 60-4 are
from a 24-year-old man with simplex RP, i.e., hav-
ing no known affected relatives'®; there was no de-
tectable rod ERG, and the cone signal was reduced
in amplitude and delayed in implicit time. The medi-
ation map shows cone-mediated detection at all loci
where there were measurable responses to both col-
ors. Rod sensitivity loss is profound, and the effect
is diffuse across the visual field. Cone sensitivity is
abnormal except at certain central field loci; in the
nasal field and several other peripheral locations,
the patient did not detect the 600-nm target. This
pattern of visual dysfunction has been termed “type
171617 or “diffuse”™ ' > RP.

The data in the right column of Figure 60-4 are
from a 48-year-old woman, also with simplex RP;
her rod ERGs were moderately reduced in ampli-
tude and delayed in implicit time, while the cone
ERGs showed minimal amplitude reductions with
delayed timing. The mediation maps indicate rod-
and mixed-mediated detection throughout the field.
Both rod and cone sensitivity are measurable in
most of the visual field, but there is regional varia-
tion in severity. The pericentral and midperipheral
regions show greater rod and cone sensitivity losses
than elsewhere in the field. This pattern of visual
dysfunction has been termed “type 2” or “regional-
ized” RP.

Figure 60—5 shows rod and cone perimetric re-
sults from the left eyes of two patients with cone-rod
dystrophy (CRD). Both patients have more rod than
cone function with the ERG but show very different
distributions of function across their visual fields.
These patients’ perimetric results exemplify two of
the three recently defined patterns of visual dys-
function in CRD.? In the left column of Figure 60-5
are data from a 28-year-old woman with autosomal
recessive CRD; her rod ERGs were moderately re-
duced in amplitude and delayed in timing, and the

cone ERGs showed severe amplitude reductions
with delayed timing. Like many patients with CRD,
this patient has eccentric fixation; the maps have
been shifted by the angle of eccentricity to permit a
comparison with normal data. Unmeasured regions
of the nasal field (due to the eccentric fixation) are
labeled “U” on the mediation map and displayed as
scotomatous in the gray scale maps. The mediation
map indicates mainly rod but also a few mixed loci.
The gray scales show a central rod and cone sco-
toma, some midperipheral rod and cone function,
peripheral rod function, but little or no measurable
peripheral cone function.

The data in the right column of Figure 60-5 are
from a 21-year-old man, also with autosomal reces-
sive CRD, who has central but slightly unsteady fix-
ation; his rod ERG was markedly reduced, and there
was no detectable cone ERG. Like the other CRD pa-
tient, most measurable loci are rod mediated, but
the regional variation in sensitivity across the visual
field differs from that in the other patient. There is
some rod function in a large central island separated
from small islands in the inferotemporal peripheral
field by a midperipheral scotoma. There is no mea-
surable cone sensitivity throughout the visual field
(to 600 nm on a background; but there is one M lo-
cus).

Figure 60—6 shows results of rod and cone perim-
etry from both eyes of a 48-year-old woman who is a
heterozygote (carrier) of X-linked retinitis pigmen-
tosa (XLRP). In this retinopathy, there is a wide
spectrum of disease expression from minimal or
none to severe, and unlike other forms of RP, the
heterozygous state of XLRP can show significant in-
terocular asymmetries in visual function.'! The rod
and cone ERGs in the right eye of this patient
showed slightly lower than normal amplitudes and
timing delays; in the left eye amplitudes fell within
the normal range, but there was a delay in cone
flicker timing. Mediation in the left eye (Fig 60-6,
left column) is mainly rod but with a few mixed loci;
the right eye (Fig 60-6, right column) shows many
more mixed loci than the left. The gray scales show
patches of rod and cone dysfunction in both eyes;
the severity of dysfunction, however, is greater in
the right eye than in the left eye, and the locations
of the dysfunctional areas are not the same in the
two eyes. Different relationships of rod-to-cone dys-
function have been found in recent rod and cone pe-
rimetry studies of XLRP heterozygotes and hemizy-
gotes.” ® 1921 Gyuch phenotypic differences may be
of considerable interest since there is increasing evi-
dence for different genotypes within XLRP.? * 18-20
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Photoreceptor mediations and rod and cone sensitivity loss maps for the left eyes of two CRD patients with different patterns

of dysfunction.

In conclusion, rod and cone sensitivity measure-
ments throughout the visual field provide informa-
tion about regional retinal variations in rod and cone
dysfunction that is not available from other more
routine electrophysiological and psychophysical
tests of visual function. With this information, two
functional subtypes of RP and three patterns of dys-
function in CRD have been identified. Although rel-
atively time-consuming, computerized rod and cone

perimetry has become part of our routine evaluation
of patients with retinal degenerations. The test re-
sults not only help to identify functional subcatego-
ries of retinal diseases but also provide clinically use-
ful information about the degree of day and night
vision disturbances suffered by these patients. Such
information often helps to explain the patients’
symptoms and affords an accurate basis for giving
them counsel about their visual disabilities.

\ rewa
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Photoreceptor mediations and rod and cone sensitivity loss maps for the right and left eyes of a heterozygote of XLRP.
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