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PURPOSE. To compare local functional measures, the multifocal
electroretinogram (mfERG) and visual field sensitivity, with a
local structural measure, spectral domain (SD) optical coher-
ence tomography (OCT), of receptor damage in patients with
retinitis pigmentosa (RP).

METHODS. MfERGs, visual fields, and SD-OCT scans were ob-
tained from 10 patients with RP, ranging in age from 23 to 59
years. Average amplitudes, average linear sensitivities, and av-
erage layer thicknesses were measured from within the central
3° and from three concentric annuli located between 3° and
8°, 8° and 15°, and 15° and 24°. A computer program aided
manual segmentation and calculated OCT thickness in the
scans.

RESULTS. Within each patient with RP, mfERG amplitude for
each circle/annulus was highly correlated with corresponding
layer thicknesses in the outer retina (r � 0.88 to 0.99), but not
at all correlated with thickness of the inner nuclear layer or
total retina. Across all ring eccentricities, relative mfERG am-
plitude and relative visual field sensitivity were correlated with
relative SD-OCT outer retinal thickness.

CONCLUSIONS. In patients with RP, preserved cone photorecep-
tor function measured by mfERG amplitude and visual field
sensitivity correlate well with the remaining thickness of the
photoreceptor layer. All three measures show comparable rel-
ative loss beyond 3° eccentricity. In the fovea, SD-OCT outer
retina thickness showed less relative loss than either mfERG or
visual field sensitivity. (Invest Ophthalmol Vis Sci. 2012;53:
833–840) DOI:10.1167/iovs.11-8410

Retinitis pigmentosa (RP) is a group of hereditary retinal
degenerations characterized by progressive degenera-

tion of rod and cone photoreceptors.1 Patients with RP
eventually develop tunnel vision with a residual central
island of vision preserved in the central 20°.2 Cone-mediated
responses are present in the multifocal electroretinogram
(mfERG) from regions with functional photoreceptors.3–7

Different from full-field ERG, mfERGs can be recorded from

many retinal regions during a single recording.8 Since the
introduction of the mfERG in 1992,8 numerous studies have
examined the relationships between local mfERG responses
and other measures of visual function in patients with RP.
For example, a significant correlation was found between
visual acuity and amplitude of the central segment of the
mfERGs.9 In mild RP, summed mfERG amplitude in outer
rings strongly correlated with the full-field ERG mixed cone-
rod response amplitude.9 Moreover, good correlation was
found between sensitivity measured with standard auto-
mated perimetry and mfERG amplitudes and implicit
time.10 –12 In some RP patients with good visual acuity,
high-density fundus autofluorescence (AF) correlates well
with mfERG amplitudes.13 As early as 2003, adding mfERG
and time-domain optical coherence tomography (OCT) to
clinical eye examinations was proposed for a more refined
evaluation of visual function in patients with RP.14,15 How-
ever, it was not until the emergence of spectral domain
(SD)-OCT that investigations into the relationships between
layer thicknesses and functional measures became possible.
In this study, we asked whether a significant correlation
exists between receptor layer thickness and mfERG, and
whether this correlation, if it exists, is similar to what was
reported previously between OCT layer thicknesses and
visual field sensitivity.16,17

MATERIALS AND METHODS

Patients

Ten patients with RP and 10 individuals with normal vision partic-
ipated this study. The patients with RP were referred to the Retina
Foundation of the Southwest (RFSW) by ophthalmologists special-
izing in retinal diseases. Genetic testing results were retrieved from
the database of the Southwest Eye Registry of the RFSW. Patients
ranged in age from 23 to 59 years (41 � 15 years, mean � SD).
Patients were selected who had visual acuity (VA) equal or better
than 20/32, fields at least 20° in diameter, and foveal sensitivity
within 5 dB of mean normal. Patients with cystoid macular edema
(CME) or high myopia (higher than 6.00 diopters) were not in-
cluded in this study. Ten individuals with normal eye findings
served as control. The tenets of the Declaration of Helsinki were
followed and all individuals gave written informed consent after a
full explanation of the tests and procedures. All procedures were
approved by the University of Texas Southwestern (UTSW) institu-
tional review board.

Clinical Examination

For each patient, best-corrected visual acuity was measured with the
electronic visual acuity (EVA) tester using the electronic Early Treat-
ment for Diabetic Retinopathy Study (E-ETDRS) protocol.18 Central
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visual fields were estimated using a visual field analyzer (Humphrey
Visual Field Analyzer; 30–2 SITA Fast protocol; Humphrey Instruments,
San Leandro, CA). Summed visual field sensitivity (in linear units) was
calculated for four regions (central 3°, 3°–8°, 8°–15°, 15°–24°). Dark-
adapted thresholds were measured with a dark-adaptometer (Gold-
mann-Weekers; Haag-Streit, Köniz, Switzerland), using an 11° achro-
matic test target located 7° inferior to fixation after pupil dilation
(tropicamide 1.0% and phenylephrine 2.5%) and 45-minute dark adap-
tation. Subsequently, full-field electroretinograms (ffERGs) were re-

corded using the International Society for Clinical Electrophysiology of
Vision (ISCEV) standard protocol.19

MfERG Stimulus, Recording, and Analysis

All patients demonstrated good signal to noise ratios for mfERGs
recorded within the central 8°. Procedures for recording mfERGs have
been described in our previous publications10,20–22 and conform to
ISCEV guidelines.23 Briefly, differential signals were acquired, ampli-
fied, and analyzed using a commercial mfERG system (Veris Science
5.1.10X; EDI, Redwood City, CA). A corneal electrode (Burian-Allen;
Hansen Labs, Coralville, IA) was used to collect differential signals
from the corneal surface. An ear clip electrode was used as ground.
The signal was amplified at gain of 100,000 and filtered between
cutoff frequencies of 10 to 300 Hz. Stimuli were projected to the
central 50° of the retina using the 103 scaled hexagon display,
which had a mean luminance of 100 cd/m2 and contrast � 90%.
Patient’s fixation was actively monitored during each segment of
recording using an infrared fundus camera. Only first-order kernel
response was used for analysis. As shown in Figures 1 and 2,
summed responses in four concentric ring/annuli (central 3°, 3°– 8°,
8°–15°, and 15°–24°) were derived using software (Veris Science;
EDI).

SD-OCT Image Acquisition and Analysis

The SD-OCT imaging was performed (Spectralis HRA-OCT, version
5.3.3.0; Heidelberg Engineering, Heidelberg, Germany). The auto-
matic real-time (ART) eye tracking software on the OCT imager
(Spectralis; Heidelberg Engineering) enables real-time eye tracking.
As shown in Figure 1, the volume scan protocol (high-speed mode)
covered the central retina (30° � 25°) with 31 line scans that were
30° in length. Each line scan represents the average of 15 images.
These 31 line scan images were exported into tagged image file
format (TIFF) from the OCT imager (Spectralis HRA-OCT; Heidel-
berg Engineering), which also provides the scales (�m/pixel) for
these images. Software subroutines (based in Igor Pro 6.12; WaveM-
etrics, Inc., Lake Oswego, OR) were written to aid in segmentation

FIGURE 1. SD-OCT volume scans (30° � 25°, 31 B-scans, green)
overlaid with stimulus pattern of 103 scaled hexagons covering the
central 50° (Veris [EDI] mfERG, white) in a patient with RP. The
correlation between SD-OCT and mfERG was performed in four con-
centric ring/annuli (central 3°, 3°–8°, 8°–15°, 15°–24°, red) around the
fovea center.

FIGURE 2. (A) MfERG recording in a normal individual and (B) a patient with RP (C). Responses were summed from four rings (central 3°, 3°–8°,
8°–15°, 15°–24°), which are represented by color-coded hexagon groups. (D) SD-OCT image in a normal individual and (E) a patient with RP were
tailored to the limit of a 24° circle before segmentation. (F) SD-OCT volume scan overlaid with segmentation lines (red) at horizontal meridian (0°),
and 8°, 15°, and 24° inferior to the horizontal meridian.
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and to calculate total and layer thicknesses in four concentric
ring/annuli (central 3°, 3°– 8°, 8°–15°, and 15°–24°) around the
fovea center (Figs. 1, 2). These four concentric circle/annuli
matched the inner four concentric circle/annuli in the mfERG (Fig.
1). The software calculates the intersections of these four ring/
annuli with 31 line scans using parameters provided by the OCT
imager (Spectralis HRA-OCT; Heidelberg Engineering), including
scales of OCT images (�m/pixel), pixel numbers, scan angle (30°),
and distance between B-scans (Fig. 2). Pixels outside of the 24°
circle were cropped by the program so that only OCT images within
the 24° circle were preserved for subsequent manual segmentation
(Fig. 2). The manual segmentation approach and strategy were
comparable to the software developed by Hood et al.24 (Matlab-
based; MathWorks, Natick, MA). After all segmentation lines were
drawn, the software calculated the average OCT thicknesses in the four
concentric circle/annuli around fovea center. The OCT thicknesses re-
ported include outer segment (OS)�, REC� (RPE, photoreceptor outer
segment, inner segment, outer nuclear layer, and outer plexiform layer),
outer nuclear layer (ONL), inner nuclear layer (INL), and TR (total retina:
neural retina � RPE) thicknesses.24 The OS� thickness was measured
from distal border of RPE/Bruch’s membrane (BM) and choroid
[RPE(�BM)/choroid] to the boundary between photoreceptor inner seg-
ment (IS) and OS. As in previous work,17,24 we hypothesize that OS�
thickness includes the photoreceptor OS and a residual constant (b � 21.5
�m). The residual constant (b) primarily consists of RPE and part of the
Bruch’s membrane, but may also contain a contribution from RPE apical
processes and distal tips of the outer segments. The REC� thickness was
measured from the RPE(�BM)/choroid to the border of INL and outer
plexiform layer (OPL). ONL thickness indexes the distance from IS/OS
junction to distal border of OPL/receptor, which comprises photorecep-
tor inner segments, photoreceptor nuclei, the fibers of Henle, and OPL.25

OS � ONL represents the product of OS and ONL thickness.17 INL
thickness represents thickness of the INL, which is enveloped between
the distal border of OPL/receptor and the border between the INL and the
inner plexiform/ganglion cell layer. TR thickness includes the thickness of
neural retina plus the thickness of the RPE and part of the BM, which
covers the thickness between the RPE(�BM)/choroid and the border
between the vitreous and retinal nerve fiber layer.

Strategy to Correlate MfERG Results with
OCT Findings

Figure 1 shows the retinal area covered by the OCT volume scan
(green lines) and mfERG stimulus pattern (white hexagons). The 31
B-scans (volume scan protocol) extends 30° nasal-to-temporal and
25° superior-to-inferior around the foveal center, which fully covers
the central four hexagon rings in the mfERG stimulus pattern. The
four concentric red circles around the fovea (3°, 8°, 15°, and 24°)
indicate the spatial correspondence of areas covered by SD-OCT
B-scans and mfERG stimuli (and visual fields). Average thicknesses
(OS�, REC�, ONL, INL, and TR thickness) summed from these loci

(central 3°, 3°– 8°, 8°–15°, 15°–24°) were correlated with mfERG
amplitudes and field sensitivity summed in respective regions.

RESULTS

Patient Characteristics

Table 1 shows clinical and genetic findings in the patients. The
10 patients with RP ranged in age from 23 to 59 years (41 � 15
years, mean � SD), including 4 autosomal dominant (ad)RP
and 6 recessive/isolate RP. Genetic testing revealed mutations
in rhodopsin (RHO) (one case) and peripherin/RDS (one case)
in the patients with adRP. Best-corrected visual acuity was
better than 20/32. All patients had best-corrected visual acuity
better or equal to 20/32 and a visual field extending beyond
20° (Table 1). Foveal sensitivity ranged from 34 to 39 dB (36 �
2 dB, mean � SD). The mean dark adapted threshold was 3.0 �
0.9 log microapostilbs in these patients, which was above the
normal limit of 1.75 � 0.25 log microapostilbs.26 The ISCEV
rod response ranged from nondetectable to 38 �V (16 � 15
�V), all below the normal lower limit.26 In comparison, cone
function was better preserved.

Reduced Layer Thicknesses and MfERG
Amplitudes in Patients with RP

Figure 2 shows representative mfERG responses and SD-OCT
layer thickness measurements in a normal individual and a patient
with RP. Compared with normal (Fig. 2A), most individual re-
sponses in the periphery in RP (Fig. 2B) were diminished or
nonexistent. The summed responses (central 3°, 3°–8°, 8°–15°,
and 15°–24°) were shown next to the individual responses (Figs.
2A, 2B). The four rings of hexagons used to derive the summed
responses were shown in four distinct colors for clarification (Fig.
2C). Representative segments of OCT scans (horizontal meridian,
8°, 15°, and 24°) in a normal individual (Fig. 2D) and a patient
with RP (Fig. 2E) are shown for comparison. Their corresponding
locations in the volume scan are shown in red in Figure 2F. This
patient shows relatively intact outer retinal thickness within the
central 8° with a precipitous decline in OS�, REC�, and ONL
thickness more eccentrically.

Figures 3A–D shows thicknesses of the OS�, REC�, INL, and
TR layers for the 4 ring eccentricities. The average values � 1 SE
for the normal controls (large filled circle) and patients (large
open circle) are shown next to the data for the individual patients
(small open symbols). Statistical comparisons of the thicknesses in
RP (open symbols) and normal (filled symbol) are also shown in
Table 2. Significant reductions (P � 0.01) were found in OS�
thickness in each of the four regions in patients with RP compar-
ing with normal (Fig. 3A, Table 2). For REC� thickness, signifi-
cant reductions (P � 0.001) were found at 3°–8°, 8°–15°, and

TABLE 1. Clinical Findings in Patients with RP

Patient
Number Eye Age (y) Type VA

Extent of Central
Field (°)

Foveal
Sensitivity (dB)

DA
(log)

Rod Amplitude
(�V)

LA 31Hz
(�V)

652 OD 59 adRP/RHO (Pro23His) 20/32 20 37 3.7 ND 2.4
4740 OS 26 adRP 20/25 20 34 3.2 ND 1.8
5931 OS 58 adRP/(RDS) 20/25 60 37 2.4 38 52.4
7222 OS 46 Recessive 20/32 20 39 4.3 ND 2.6
7808 OS 59 Recessive 20/25 20 35 3.7 4 94.7
8438 OS 23 Recessive 20/25 40 36 2.1 9 11.6
9944 OS 40 Isolate 20/20 30 35 2.0 14 22.3
9958 OS 23 Isolate 20/20 30 38 3.0 ND 10.5

10244 OS 31 Isolate 20/25 20 35 4.0 ND 0.7
10413 OD 48 adRP 20/25 30 35 1.7 ND 2.6

Normal26 �20/20 �60 39 �2.0 �92 �42

DA, visual threshold (11° test) after 45-minute dark adaption; LA 31Hz, light-adapted cone 31 Hz ERG response amplitudes; ND, not detectable.
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15°–24°, but not in the central 3° (P � 0.33) (Fig. 3B, Table 2). No
difference was detected in INL thicknesses in any of the four
regions between RP and normal (Fig. 3C, Table 2). Significant
reductions (P � 0.05) in TR thicknesses were only found at
8°–15°, and 15°–24°, but not in the central 3° and 3°–8° (Fig. 3D,
Table 2). Table 2 shows that thickness reductions in patients with
RP ranged from 13% to 50% in OS� thickness and from 4% to 56%
in REC� thickness.

Figure 3E shows the distribution of mfERG amplitudes in 10
patients with RP and 10 normal control subjects. Average
amplitudes were reduced 48%, 56%, 67%, and 78% at the
central 3°, 3°–8°, 8°–15°, and 15°–24° respectively in patients

with RP compared with normal average (P � 0.001). Figure 3F
shows P1 implicit time in the 10 patients with RP and the
normal average. Mean implicit time was delayed 19% com-
pared with normal between 15°–24°, which is statistically
significant (P � 0.001).

The Segmented OCT Thicknesses are Correlated
with MfERG Measures

In normal subjects, both average mfERG amplitude and average
REC� thickness were greatest in the fovea and declined mono-
tonically with eccentricity. Figure 4 shows means and standard

FIGURE 3. (A–D) Scatter plots of
thicknesses of OS�, REC�, INL, and
TR measured in central 3°, 3°–8°,
8°–15°, and 15°–24°. Filled symbols,
normal individuals. Open symbols,
patients with RP. Average values
(larger symbols) with SE are shown
to the right of the group of plots. (A)
OS� thicknesses in patients with RP
were significantly shorter than nor-
mal in all loci. (B) REC� thicknesses
in patients with RP were significantly
shorter than normal in all loci except
the central 3°. (C) INL thickness did
not differ in patients versus normal
control. (D) TR thickness was not
shorter than normal in the central 3°
and 3°–8°, but was shorter in two
other loci. (E–F) MfERG amplitude
and implicit time in patients with RP
and normal controls. MfERG ampli-
tudes in RP were shorter than normal
in all four loci, but longer than nor-
mal implicit time in RP was limited to
15°–24°.

TABLE 2. Segmented SD-OCT Thicknesses (Mean � SE) in 10 Patients with RP and 10
Normal Individuals

OS� (�m) REC� INL TR

RP

3° 52 � 2 197 � 7 27 � 3 280 � 10
Change % (P) �13* (0.01) �4 (0.33) 23 (0.25) 6 (0.18)
3°–8° 37 � 3 134 � 10 51 � 3 314 � 10
Change % (P) �30† (�0.001) �26† (0.0005) 0 �6 (0.07)
8°–15° 28 � 2 90 � 11 49 � 2 270 � 11
Change % (P) �44† (�0.001) �45† (�0.001) 0 �16† (0.0007)
15°–24° 24 � 2 64 � 7 39 � 2 220 � 8
Change % (P) �50† (�0.001) �56† (�0.001) 0 �22† (�0.001)

Normal

3° 60 � 1 206 � 2 22 � 2 264 � 5
3°–8° 53 � 1 181 � 1 51 � 2 335 � 5
8°–15° 50 � 1 164 � 2 49 � 1 323 � 5
15°–24° 48 � 1 147 � 2 38 � 1 282 � 4

* P � 0.05 when compared with normal.
† P � 0.001 when compared with normal.
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errors for both measures at each ring. A linear fit provided a
reasonable description of the data, with r � 0.98; P � 0.016 for
REC� thickness (Fig. 4).

In Figure 5, functions relating REC� thickness to mfERG
amplitude are shown for the 10 patients (open symbols) in
comparison with the normal results from Figure 4 shown as
the filled symbols and dashed line. For each patient, REC�
thickness and mfERG amplitude are positively correlated
across the 4 retinal regions (open symbols, linear fit in gray).
Table 3 lists Pearson’s correlation coefficient (r) and statis-
tical significance (P) between mfERG amplitude and OS�,
REC�, INL, or TR for all patients with RP. Each of the 10
patients showed a statistically significant correlation (P �
0.01) between REC� thickness and corresponding mfERG
amplitudes, with Pearson’s correlation coefficient (r) rang-
ing from 0.92 to 0.99 (Table 3). Patient functions were, in
general, steeper than the normal function. Relative thick-
ness in the fovea was minimally reduced below normal,
while foveal mfERG amplitudes were substantially lower
than normal in most patients.

Nine out of 10 patients also showed a significant corre-
lation (P � 0.05) between OS� thickness and mfERG am-
plitudes, with r ranging from 0.88 to 0.99 (Table 3). No
significant correlations were observed between mfERG am-
plitudes and INL or TR thicknesses. These results demon-
strate that mfERG amplitudes are highly correlated with
layer thicknesses in outer retina in patients with RP, and not
at all correlated with thickness of the INL and TR. The
implicit time of mfERG in patients with RP did not show a
significant correlation with REC� thickness. However, it is
not clear what structural changes should correlate with the
implicit time of mfERG.

Relationships among MfERG Amplitude, Visual
Field Sensitivity, and Receptor Layer Thickness in
Patients with RP

We next sought to determine the relative sensitivity of the
three measures (mfERG amplitude, visual field sensitivity, and
receptor layer thickness) to retinal degeneration in RP. We
used OS � ONL thickness to index the receptor layer thickness
changes because it reflects both changes in photoreceptor
outer segment length and photoreceptor nuclear layer thick-
ness. Figure 6 shows normalized OS � ONL thickness (open
circle), normalized mfERG amplitude (filled circle), and nor-
malized field sensitivity (triangle) for each of the four rings
(central 3°, 3°–8°, 8°–15°, and 15°–24°) in the 10 patients with
RP. One-way analysis of variance (ANOVA) suggest that these
three indices are equally effective in characterizing photore-
ceptor degeneration in these patients with RP at 3°–8°, 8°–15°,
and 15°–24° (P � 0.05), but not in the central 3° (P � 0.008).
In the central 3°, normalized mfERG amplitude showed a larger
reduction (28% more reduction, P � 0.007, paired t-test) than
normalized OS � ONL within the central 3°. Normalized field
sensitivity showed an almost equivalent relative loss to normal-
ized mfERG amplitude in the central 3°. Thus, these three
indices agree well in all regions except that functional mea-
sures showed larger loss than SD-OCT layer thickness in the
central 3°. In contrast, paired t-tests suggest that mfERG am-
plitudes showed less reduction than normalized OS � ONL
thickness in periphery (8°–15°, and 15°–24°) (Fig. 6).

DISCUSSION

Our goal in this study was to compare functional measures
(mfERG and visual field) to structural measures (SD-OCT) in
retinitis pigmentosa. To do this, we developed a novel three-
dimensional approach so that average ERG amplitudes, average
visual sensitivities, and average layer thicknesses could be
compared from corresponding retinal regions. These compar-
isons revealed highly significant positive relationships, espe-
cially when REC� thickness was correlated with mfERG am-
plitudes in each individual patient (Table 3, Fig. 5).

OS� and REC� thickness decreased to an asymptote of
approximately 20 and 50 �m, respectively, in regions where
the mfERG response was nondetectable. This agrees with our
previous findings17 in patients where field sensitivity was de-
creased by greater than 10 dB. The residual value of approxi-
mately 20 �m consists primarily of RPE(�BM) thickness with a
possible contribution from outer segment tips.17 The REC�
baseline value at 50 �m presumably reflects the residual thick-
ness of RPE(�BM), outer-limiting membrane, outer nuclear
layer debri, and outer-plexiform layer. Based on SD-OCT line
scans on the horizontal meridian, we previously reported that
thinning of the OS layer occurred before thinning of ONL� in
the transitional zone.25 This conclusion holds for volume scans
in the present study, which showed a significant decrease of
13% in OS� thickness in the central 3° without significant
decrease in REC� thickness (Fig. 3, Table 2). The degree of
loss is comparable for OS� and REC� at 3°–4°. This is not
surprising because the most significant difference in layer
thickness measures between histology and SD-OCT lies in the
central 3°, where Henle fibers occupy a large portion in the
REC� thickness and is not susceptible to change in RP.27 As a
result, change in REC� thickness in the central 3° are less
sensitive to degeneration than OS� thickness. This can also
explain why normalized mfERG amplitude showed larger re-
duction in the central 3° than either REC� (Fig. 3) or normal-
ized OS � ONL in the central 3° (Fig. 6).

In our earlier studies, we showed normalized OS� and
REC� thicknesses were linearly correlated with the total devi-

FIGURE 4. REC� thickness versus mfERG amplitudes in correspond-
ing loci (mean � SE). Horizontal error bars represent SE for mfERG
amplitude; vertical error bars represent SE for thickness measures.
Significant positive correlations were found (r � 0.98, P � 0.016).
Linear regression (black broken lines) provided reasonable descrip-
tions for the positive correlation. Red, central 3°; yellow, 3°–8°; green,
8°–15°; blue, 15°–24°.
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ation (TD) of visual field sensitivity from normal average.17 In
this study, we showed significant positive correlation between
SD-OCT layer thickness in outer retina and mfERG amplitude.
Together with the established finding that visual field sensitiv-
ity significantly correlates to mfERG in RP,6,11,28 it appears that
visual field sensitivity, mfERG response, and SD-OCT layer
thickness in the outer retina are intercorrelated and linearly
related. This hypothesis is supported by results shown in Fig-
ure 6, where the three methods are equally effective in char-
acterizing photoreceptor degeneration in the central 3°–24°

of retina with RP. In the central 3°, mfERG amplitude is a
more sensitive index for photoreceptor degeneration than
SD-OCT receptor layer thickness because Henle fibers occu-
pied a larger share of space in REC� thickness than in
histology and Henle fibers are not susceptible to change in
RP.27 In periphery (8°–24°), normalized mfERG amplitude is
reduced less in RP than normalized SD-OCT layer thickness
and field sensitivity. This may be due to the stray light
interference in mfERG.20,29 None of these patients showed
mfERG responses with the large amplitudes and significantly

FIGURE 5. Significant correlation between REC� thickness and mfERG amplitude in corresponding loci (color-coded) in each of the 10 patients
with RP (unfilled symbols). Gray lines represent linear fit to these correlations in patients; black broken lines show linear fit to normal average
(filled symbols). Red, central 3°; yellow, 3°–8°; green, 8°–15°; blue, 15°–24°.

838 Wen et al. IOVS, February 2012, Vol. 53, No. 2



increased implicit times that have been reported previously
in a subset of patients with RP.30

Interestingly, the only patient with peripherin/RDS muta-
tion (patient 5931) showed a nonsignificant correlation be-
tween OS� thickness and mfERG amplitude. However, the
REC� thickness was significantly correlated with mfERG am-
plitude. In addition to patient 5931, the mfERG amplitude
measured from three other patients with adRP (including one
patient with rhodopsin mutation) and six patients with reces-
sive/isolate RP also were significantly correlated with both
OS� and REC� thicknesses. Due to the small sample size, the
statistical power is not sufficient to allow conclusions about
gene mutations or hereditary patterns.

In summary, we found strong positive correlations among
mfERG amplitude, visual field sensitivity, and SD-OCT receptor
layer thicknesses in patients with RP. These three testing meth-
ods have complementary advantages in human testing. In the
fovea, the mfERG amplitude and visual field sensitivity are
more sensitive indices for photoreceptor degeneration than

SD-OCT receptor layer thickness. Outside the fovea (3°–24°),
the three methods are equally effective although mfERG am-
plitude changes are prone to interference from stray light.
Practically, SD-OCT analysis using segmentation techniques,
mfERG, and visual field analysis provide a powerful combina-
tion to identify retinal loci with degeneration early and effec-
tively. Moreover, the combined use of these techniques may be
useful for determining therapeutic efficacy in treatment trials
for retinitis pigmentosa.
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