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Purpose:

 

To determine the a-wave latency of the electroretinograms (ERGs) recorded from
control subjects and patients with retinal diseases.

 

Methods:

 

The a-wave latency and implicit time (IT) were measured retrospectively from the
ERGs of 40 control subjects and 99 patients. The patients included 9 with complete congeni-
tal stationary night blindness (cCSNB), 13 with achromatopsia or cone dystrophy, 5 with su-
pernormal and delayed rod ERG syndrome, and 72 with retinitis pigmentosa (RP). To assess
whether latency measurements can be obtained reliably by different observers from patients
with smaller a-wave amplitudes and noisier baselines, the a-wave latency and IT of the ERG
of the right eye of 10 control subjects and 10 patients with RP were measured by three ob-
servers.

 

Results:

 

The mean a-wave latency measured for the same 10 control ERGs by three observ-
ers differed by less than 1 millisecond while the mean IT differed by 1.7 milliseconds. For 10
ERGs from RP patients, the mean for the a-wave latency measured by the three observers
differed by less than 2.0 milliseconds and by 1.1 millisecond for the IT. The coefficient of
variation varied from 24.8% to 36.7% for the latency and from 11.5% to 16.0% for the IT.
The a-wave latencies elicited by the 0-dB stimulus under scotopic and photopic conditions
from the 40 control subjects were not statistically different. The a-wave latency in patients
with cCSNB did not differ significantly from that in control subjects. The longer a-wave la-
tency in patients with achromatopsia suggested that the rods have a longer latency than
cones. The scotopic and photopic a-wave latencies were significantly longer in RP patients.
The longer latency in RP patients was not due to smaller a- or b-wave amplitudes.

 

Conclusions:

 

The a-wave latency can be measured as reliably as the IT in control subjects
but the reliability is not as good for the latency as for the IT in RP patients. The larger coeffi-
cients of variation in RP patients were most likely due to the measurements being made from
RP patients at different stages of their disease. Our results suggest that the a-wave latency in
control subjects is determined by cones under both scotopic and photopic conditions. The
longer a-wave latency in RP patients suggests that the rods and cones are altered over a sig-
nificant area of the retina. 
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Introduction

 

The implicit times (ITs) of the a- and b-waves of
the electroretinogram (ERG) are used to evaluate
the time course of the ERG in humans and labora-

tory animals. The IT is defined as the time between
stimulus onset and the peak of the response. Be-
cause of the confounding effects of the a- and
b-waves, the physiological significance of the IT is
not known.

 

1

 

Historically, the time course of the ERG was as-
sessed by measuring the latency of the a-wave where
the latency is defined as the time between stimulus
onset to the beginning, as opposed to the peak, of
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the response.

 

2

 

 The selection of the latency of the
a-wave was based on similar neurophysiological
measurements of the latency of a response, eg, the
compound nerve action potentials, muscular con-
tractions, and other evoked potential changes.

 

3

 

Although the latency was measured and used in
the early ERG studies on animals,

 

2

 

 only the IT has
been used from the very early days of clinical elec-
troretinography. Thus, Karpe, in his 1945 mono-
graph on clinical electroretinography, reported mea-
surements of the IT (although he called it the
latency, his Figure 11 clearly shows that he measured
the IT) in a large number of control subjects.

 

4

 

 How-
ever, he had great difficulties as about one-half of
the ERGs did not show an a-wave, and the resolu-
tion of his recording system was 

 

�

 

 10 milliseconds.
Jacobson in 1961

 

5

 

 and Krill in 1971

 

1

 

 stated that it was
important to measure the time course of the ERG
and recommended that the IT be measured. How-
ever, Krill did caution the clinician about the con-
founding effects of the a- and b-waves on the IT. In
the most recent textbook of clinical electroretinogra-
phy,

 

6

 

 the latency of the a-wave is not mentioned at all.
The reason for the switch from the latency to the

IT has not been stated. However, one reason put
forth is that more reliable measurements of the IT
can be made because the peak of a response is easier
to select than the slower potential changes at the be-
ginning of a response. Whether more reliable mea-
surements can be made of the IT than of the latency
has not been tested.

The purpose of this study was to determine
whether the a-wave latency can be determined reli-
ably from the ERGs of control subjects and patients
with reduced a-wave amplitudes. We also deter-
mined whether the a-wave latency provides addi-
tional information on the pathophysiology of retinal
diseases.

 

Materials and Methods

 

Control Subjects

 

The latency and IT of the a- and b-waves were
measured retrospectively from the ERGs recorded
from both eyes of 40 subjects who did not have any
ophthalmological or neurological diseases. There
were 20 men and 20 women, and their ages ranged
from 15–65 years with a mean 

 

�

 

 SD of 34.2 

 

�

 

 12.3
years. All of the subjects had a visual acuity of 20/20
or better. A signed informed consent was obtained
from all these control subjects after an explanation
of the purpose of the study. The ERGs were stored
in a computer file and were recalled to make the

measurements off-line. These ERG findings were
compared to the ERG findings in the 20 normal sub-
jects reported by Jacobi et al,

 

7

 

 who also used the
LKC system for their recordings, as we did.

 

Patients

 

The ERGs of 99 patients with different types of
retinal diseases were examined retrospectively. The
diagnosis for the retinal diseases was made from the
clinical findings and the ERGs. The number and types
of retinal diseases will be presented with the results.

 

ERG Recordings

 

The ERGs were recorded simultaneously from
both eyes with bipolar Burian-Allen contact lens
electrodes. The ground electrode was placed on the
right earlobe. The LKC 2000 system (LKC Technol-
ogies, Gaithersburg, MD, USA) was used to deliver
and control the stimulus intensity and to record the
ERGs. The bandpass of the recording system was set
from 0.3–500 Hz. A sampling rate of 2000 samples/s
with an analysis time of 250 milliseconds was used.
The luminance of the stimulus was 2.35 cd/m

 

2

 

 per
second, and the stroboscopic flash was presented as
a Ganzfeld stimulus. The recordings and stimulus in-
tensities conformed to the standards recommended
by the International Society of Clinical Electrophysi-
ology of Vision (ISCEV).

 

8

 

The dark-adapted 24-dB rod response, the dark-
adapted mixed rod-cone response (0 dB), and the
light-adapted single flash cone response (0 dB) and
30-Hz flicker responses presented on a 29.2 cd/m

 

2

 

background were recorded from all controls and pa-
tients.

The procedure for each control/patient was; pupil-
lary dilation with topical 1% tropicamide and 2.5%
phenylephrine HCl, 30 minutes of dark-adaptation,
insertion of the contact lenses under dim red illumi-
nation, recording of the dark-adapted ERGs. Then
the eyes were light-adapted for 10 minutes at 29.2
cd/m

 

2

 

, and the cone single flash responses and 30-Hz
flicker responses were recorded.

 

Measurement of a-Wave Latencies
and Implicit Times

 

All analyses were done off-line. The ERGs were
recalled and displayed on the computer monitor with
a time base of 5 ms/division (Figure 1). In the LKC
system, the stroboscopic flash is marked on the re-
sponse by a vertical line (#1). To mark the latency
and IT, the cursor was either slowly dragged along
the response until the beginning of a negative-going
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wave was noted, or with experience, the mouse ar-
row was pointed at the beginning of the response
(the latency) and the mouse was clicked to place a
marker (#2). In similar fashion, a second mark was
placed at the trough of the a-wave to mark the IT of
the a-wave (#3), and another cursor was placed at
the peak of the b-wave (#4) to mark the IT of the
b-wave. The time between the cursors was calculated
by the computer, and the digital values for the

a-wave latency and IT, and that for the b-wave IT
were printed out.

 

Statistical Analyses

 

All of the data were collected in Excel tables, and

 

the Student unpaired 

 

t

 

-test was used to determine
whether differences in the values were statistically
significant. The Pearson product moment was used
to calculate the coefficients of correlation. A 

 

P

 

 value
of 

 

�

 

 .05 was considered significant.

 

Results

 

Reliability of the a-Wave Latency Measurements

 

We showed that the measurements of the a-wave
latency could be made as reliably as those of the IT
for the ERGs recorded from anesthetized rats,

 

9

 

 and
the question arose whether similar reliability of the
latency measurements can be obtained from control
subjects and patients with smaller a-wave amplitudes
and noisier baselines.

To examine this, the a-wave latency and IT were
measured by three observers from the ERGs of the
right eye of 10 control subjects and from 10 patients
with RP. The ERGs selected for the measurements
were the scotopic mixed rod-cone ERGs elicited by
the 0-dB stimulus. The first observer was an experi-
enced electrophysiologist and the one who recorded
all of the ERGs (M.L.); the second was an experi-
enced laboratory neurophysiologist (D.I.H.); and the
third was an inexperienced bioengineering student
(I.P.) who had done the comparable measurements
in the rats.

The mean 

 

�

 

 SD of the a-wave latencies for the 10
ERGs from the control subjects were 4.2 

 

�

 

 0.49 for
M.L., 4.7 

 

�

 

 0.59 for D.I.H., and 4.0 

 

�

 

 0.64 for I.P.
(Table 1). None of these differences was significant.
The mean 

 

�

 

 SD of the IT for the same ERGs were
18.1 

 

�

 

 3.16 for M.L., 16.5 

 

�

 

 0.72 for D.I.H., and

Figure 1. Scotopic mixed rod-cone electroretinograms
(ERGs) demonstrating how measurements of the latency
and implicit time were made. #1: stimulus onset, #2: begin-
ning of the a-wave, #3: peak of the a-wave, and #4: peak of
the b-wave. a-wave latency: time between #1 and #2, a-
wave implicit time: time between #1 and #3, and b-wave
implicit time: time between #1 and #4.

 

Table 1.

 

Reliability of Measurements of a-Wave Latency and Implicit Time by Three Observers

 

Observer

Controls*

 

RP Patients

 

†

 

a-Wave Latency Implicit Time a-Wave Latency Implicit Time

 

Mean 

 

�

 

 SD (ms) CV (%)

 

‡

 

Mean 

 

�

 

 SD (ms) CV (%)

 

‡

 

Mean 

 

�

 

 SD (ms) CV (%)

 

‡

 

Mean 

 

�

 

 SD (ms) CV (%)

 

‡

 

M.L. 4.2 

 

�

 

 0.47 11.4 18.1 

 

�

 

 3.16 17.4 6.9 

 

�

 

 2.53 36.7 24.4 

 

�

 

 3.91 16.0
D.L.H. 4.7 

 

�

 

 0.59 12.5 16.5 

 

�

 

 0.72 4.4 8.8 

 

�

 

 2.18 24.8 23.3 

 

�

 

 2.69 11.5
I.P. 4.0 

 

�

 

 0.64 16.3 18.2 

 

�

 

 2.18 11.9 6.8 

 

�

 

 2.45 35.8 23.5 

 

�

 

 3.04 13.0

* n 

 

�

 

 10.

 

†

 

 RP: retinitis pigmentosa. n 

 

�

 

 10.

 

‡

 

 CV: coefficient of variation (SD/mean %).
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18.2 

 

�

 

 2.18 for I.P. (Table 1). The coefficients of
variation (SD/mean) for the a-wave latency were
11.4% for M.L., 12.5% for D.I.H., and 16.3% for
I.P.; and for the IT, they were 17.4% for M.L., 4.4%
for D.I.H., and 11.9% for I.P.

For the 10 patients with RP, the mean 

 

�

 

 SD of the
a-wave latency were 6.9 

 

�

 

 2.53 for M.L., 8.8 

 

�

 

 2.18
for D.I.H., and 6.8 

 

�

 

 2.45 for I.P. (Table 1); and for
the IT for the same ERGs, they were 24.4 

 

�

 

 3.91 for
M.L., 23.3 

 

�

 

 2.69 for D.I.H., and 23.5 

 

�

 

 3.04 for I.P.
(Table 1). The coefficients of variation for the a-
wave latency were 36.7% for ML, 24.8% for DIH,
and 35.8% for IP; and for the IT, the coefficients of
variation were 16.0% for M.L., 11.5% for D.I.H.,
and 13.0% for I.P.

 

a-Wave Latency in Control Subjects

 

A scotopic mixed rod-cone ERG and a photopic
cone ERG elicited by the 0-dB stimulus from the
right (upper) and left (lower) eyes of a control sub-
ject are shown in Figure 2. The baseline and stimulus
onset have been aligned to demonstrate the time
course of the a-waves under scotopic and photopic
conditions. Under both conditions, the beginning of
the a-waves (ie, latency) was identical. However, the
amplitude of the a-wave was smaller and the IT was
shorter for the photopic ERGs.

From ERGs such as these, the a-wave latencies
(milliseconds), ITs (milliseconds), and amplitudes (a-
Amp; 

 

�

 

V), and the b-wave ITs (b-IT; milliseconds)
and amplitudes (b-Amp; 

 

�

 

V) were measured for the
ERGs recorded from the right and left eyes of the 40
control subjects. The mean 

 

�

 

 SD for these waves are
shown in Table 2 for the scotopic mixed rod-cone
ERGs (upper) and for the photopic single flash cone
ERGs (lower) elicited by the 0-dB stimulus.

The mean 

 

�

 

 SD of the scotopic a-wave latency
was 4.4 

 

�

 

 0.8 milliseconds for the right eyes and 4.3 

 

�

 

0.7 milliseconds for the left eyes, and under photopic
conditions, the a-wave latency was 4.1 

 

�

 

 1.2 millisec-
onds for the right eyes and 4.2 

 

�

 

 1.2 milliseconds for
the left eyes. The differences between the right and
left eyes, and the differences between the scotopic

Figure 2. Scotopic and photopic electroretinograms re-
corded from the right and left eyes of a control subject.

 

Table 2.

 

Data from Both Eyes of 40 Control Subjects (Mean 

 

�

 

 SD)

 

a-Lat*
(ms)

a-IT

 

†

 

(ms)
a-Amp

 

‡

 

(

 

�

 

V)
b-Amp

 

§

 

(

 

�

 

V)

 

b-IT

 

�

 

(ms)

Scotopic
Right 4.4 

 

�

 

 0.8 18.5 

 

�

 

 3.2 256.3 

 

�

 

 48.3 479.4 

 

�

 

 97.5 50.8 

 

�

 

 3.2
Left 4.3 

 

�

 

 0.7 18.4 

 

�

 

 3.2 242.3 

 

�

 

 43.0 472.1 

 

�

 

 95.9 50.6 

 

�

 

 3.5
Photopic

Right 4.1 

 

�

 

 1.2 15.1 

 

�

 

 0.6 49.4 

 

�

 

 13.0 165.6 

 

�

 

 51.9 30.5 

 

�

 

 1.2
Left 4.2 

 

�

 

 1.2 14.9 

 

�

 

 0.8 45.3 

 

�

 

 11.7 159.7 

 

�

 

 44.2 30.4 

 

�

 

 1.2

* a-Lat: a-wave latency.

 

†

 

 a-IT: a-wave implicit time.

 

‡

 

 a-Amp: a-wave amplitude.

 

§

 

 b-Amp: b-wave amplitude.

 

�

 

 b-IT: b-wave implicit time.
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and photopic conditions were not statistically signifi-
cant.

For all of the other parameters, the differences be-
tween the right and left eyes were also not statisti-
cally significant (Table 2).

 

Coefficients of Correlation

 

To determine whether the a-wave latency can be
predicted by knowing the values of the other param-
eters, eg, the IT, of the ERG, we calculated the coef-
ficient of correlation between the a-wave latency and
the a-wave IT, the a-wave amplitude, the b-wave IT,

and the b-wave amplitude for the 40 control subjects
(Table 3, upper).

All of the correlations were weak and only two
values were significant: for the right eye under sc-
otopic conditions, 

 

r

 

 � 0.310 between the a-wave la-
tency and the b-wave IT; and for the left eye under
photopic conditions, r � 0.399 between the a-wave
latency and b-wave amplitude.

Patients with Different Types of Retinal Diseases
The question then arose whether the a-wave la-

tency can provide additional information on the
pathophysiology of patients with various types of
retinal diseases. The a-wave latency and IT, and the
b-wave IT for 9 patients with the complete type of
congenital stationary night blindness (cCSNB), 13
patients diagnosed with achromotopsia or cone dys-
trophy, and 5 patients with supernormal b-waves are
shown in Table 4. The P values (t-test vs control) and
the number of eyes are also shown.

Congenital Stationary Night Blindness. The first
set of patients selected to be analyzed were those di-
agnosed with cCSNB because the best evidence sug-
gests that the photoreceptors are normal in cCSNB
patients and that the pathology is in the synapses be-
tween the photoreceptors and second order neu-
rons.10,11 We thus predicted that the a-wave latency
would not be altered in cCSNB patients.

A scotopic mixed rod-cone ERG recorded from a
cCSNB patient and an ERG recorded from a control

Table 3. Coefficient of Correlation for Values Measured 
in Both Eyes of 40 Control Subjects

a-Wave
Latency
vs:*

Coefficient of Correlation

Scotopic Photopic

Right Left Right Left

a-wave IT 0.253 0.288 0.060 0.073
P .115 .072 .711 .656
a-wave Amp �0.272 �0.300 �0.118 �0.164
P .090 .060 .501 .312
b-wave IT 0.360‡ 0.288 �0.151 �0.303
P .022 .071 .352 .057
b-wave Amp 0.031 0.086 �0.179 �0.399‡

P .850 .598 .268 .011

* IT: implicit time, Amp: amplitude.
† n � 40.
‡ Correlation significant at .05 level (two-tailed).

Table 4. Comparison of Data from Both Eyes of Patients with Complete Congenital Stationary Night Blindness (CSNB), 
Achromatopsia, or Supernormal b-Waves with Data from Control Subjects (Mean � SD)

Scotopic Photopic

a-Wave Latency (ms) a-Wave IT (ms) a-Wave Latency (ms) a-Wave IT (ms)

Right Left Right Left Right Left Right Left

Control
subjects 4.4 � 0.8 4.3 � 0.7 18.5 � 3.2 18.4 � 3.2 4.1 � 1.2 4.2 � 1.2 15.1 � 0.6 14.9 � 0.8

CSNB
Mean 4.1 � 0.9 3.8 � 1.0 19.6 � 0.8 19.2 � 0.9 4.1 � 1.3 3.9 � 0.9 18.4 � 2.3 18.2 � 2.2
P* .532 .098 .108 .195 .94 .53 .0001 .0001
n† 9 7 9 7 9 7 9 7

Achromats
Mean 5.2 � 0.8 6.0 � 1.9 19.4 � 2.4 21.3 � 4.6 8.5 � 5.1 11.7 � 6.7 24.1 � 5.4 19.5 � 1.4
P* .004 .0001 .413 .253 .0001 .0001 .0001 .0001
n† 13 9 13 9 6 2 6 2

Supernorm
Mean 5.7 � 1.0 5.7 � 0.8 28.3 � 1.2 28.8 � 1.8 5.8 � 1.8 6.2 � 2.0 18.0 � 1.8 17.9 � 1.3
P* .002 .001 .0001 .0001 .0001 .0016 .0001 .0001
n† 5 5 5 5 5 5 5 5

* t-test, vs control data.
† n � number of eyes.
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subject are compared in Figure 3A. The characteris-
tic negative-type ERG can be seen in this cCSNB pa-
tient, and the a-wave latencies of the two ERGs do
not differ.

For the 9 cCSNB patients, the mean � SD of the a-
wave latency under scotopic conditions was 4.1 � 0.9
milliseconds for the right eyes and 3.8 � 0.1 millisec-
onds for the left eyes (Table 4). Under photopic con-
ditions, the mean a-wave latency was 4.1 � 1.3 milli-
seconds for the right eyes and 3.9 � 0.90 milliseconds
for the left eyes. The differences between the two eyes
and between the scotopic and photopic conditions
were not statistically significant. Most importantly,
the a-wave latency of the cCSNB patients did not dif-
fer significantly from those in control subjects.

The scotopic a-wave IT in cCSNB patients also did
not differ from those in control subjects but it was
significantly longer under photopic conditions.

Achromatopsia. The second group of patients
analyzed were those with achromatopsia or cone
dystrophy. These patients are characterized by hav-
ing normal scotopic ERGs and by an absence of
photopic ERGs. Thus in achromats, there is wide-
spread dysfunction of the cones, and the ERGs are
generated only by the rods.

A scotopic mixed rod-cone ERG recorded from a
patient diagnosed with achromatopsia is shown in
Figure 3B along with the ERG from a control sub-
ject. A comparison of the ERGs showed that the a-
wave latency of the achromatopic eye was slightly
longer than that of the control eye. In the 13 pa-
tients, the mean a-wave latency was 5.2 � 0.8 milli-
seconds for the right eyes (n � 13) and 6.0 � 1.9 mil-
liseconds for the left eyes (n � 9) under scotopic
conditions. Both values were significantly longer
than the a-wave latency of the corresponding right
and left control eyes. In 6 of the 13 patients, a small
a- and b-wave (mean b-wave amplitude � 20.8 �V)
was elicited from the right eye under photopic condi-
tions, and the mean a-wave latency was 8.5 � 5.1
milliseconds. This value was also significantly longer
than that in the control eyes.

Supernormal and delayed rod ERG syndrome.
The third group of patients analyzed were those di-
agnosed as having the supernormal and delayed rod
ERG syndrome. The ERGs of these patients are
characterized by having higher scotopic thresholds,
significantly larger b-wave amplitudes than control
subjects, a delayed b-wave IT, and weak photopic re-
sponses.12 The mean � SD of the a-wave latency for

Figure 3. (A) Comparison of the scotopic mixed rod-cone electroretinograms (ERGs) recorded from a patient with com-
plete congenital stationary night blindness (CSNB) and a control subject. (B) Comparison of the scotopic mixed rod-cone
ERGs recorded from a patient with achromatopsia and a control subject.
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the 5 patients diagnosed as having supernormal
ERGs was 5.7 � 1.0 for the right eyes and 5.7 � 0.8
milliseconds for the left eyes under scotopic condi-
tions, and 5.8 � 1.8 milliseconds for the right eyes
and 6.2 � 2.0 milliseconds for the left eyes under

photopic conditions. The differences between the 2
eyes and between the scotopic and photopic condi-
tions were not statistically significant. However, the
latencies for these patients were significantly longer
than the corresponding latencies for control eyes.

Patients with Retinitis Pigmentosa
A scotopic mixed rod-cone ERG recorded from 1

retinitis pigmentosa (RP) patient is compared to the
corresponding ERG recorded from a control subject
in Figure 4. The decreased a- and b-wave amplitudes
can be clearly seen in the ERG recorded from the
RP patient. Relevant to this study, a prolongation of
the a-wave latency and IT can also be seen.

The a-wave latencies, ITs, and amplitudes, and the
b-wave ITs and amplitudes were measured from the
ERGs elicited by the 0-dB stimulus under scotopic
and photopic conditions for 72 patients diagnosed
with RP (Table 5). These values are compared with
the corresponding values for the 40 control subjects.

As expected, the a- and b-wave amplitudes were
significantly smaller in the RP patients than in the
control subjects under both scotopic and photopic
conditions. The mean � SD of the a-wave latencies
for the scotopic mixed rod-cone ERGs was 7.3 � 2.6
milliseconds for the right eyes and 7.6 � 2.8 millisec-
onds for the left eyes. The difference between the 2
eyes of the RP patients was not significant, but both
were significantly longer than the mean latencies of

Figure 4. Comparison of the scotopic mixed rod-cone
electroretinograms (ERGs) recorded from a patient with
retinitis pigmentosa (RP) and a control subject.

Table 5. Data from Patients with Retinitis Pigmentosa (RP) and Controls (C) Recorded 
under Scotopic and Photopic Conditions*

a-Lat† (ms) a-IT‡ (ms) a-Amp§ (�V) b-AmP� (�V) b-IT¶ (ms)

Scotopic
Right eye

C 4.4 � 0.8 18.5 � 3.2 256.3 � 48.3 479.4 � 97.5 50.8 � 3.2
RP 7.3 � 2.6 24.6 � 7.7 51.4 � 48.7 93.8 � 99.4 56.7 � 11.4

Left eye
C 4.3 � 0.7 18.4 � 3.2 242.3 � 43.0 472.1 � 95.9 50.6 � 3.5
RP 7.7 � 2.7 24.8 � 7.8 50.1 � 44.1 95.7 � 98.2 63.3 � 63.2

Photopic
Right eye

C 4.1 � 1.2 15.1 � 0.6 49.4 � 13.0 165.6 � 51.9 30.5 � 1.2
RP 7.8 � 3.0 20.6 � 6.2 15.1 � 9.0 39.80 � 36.8 39.7 � 8.2

Left eye
C 4.2 � 1.2 14.9 � 0.8 45.2 � 11.7 159.7 � 44.2 30.4 � 1.2
RP 8.6 � 6.2 20.5 � 6.4 15.6 � 9.5 42.7 � 37.5 39.3 � 8.1

*Values are mean � SD.
†a-Lat: a-wave latency.
‡a-IT: a-wave implicit time.
§a-Amp: a-wave amplitude.
�b-Amp: b-wave amplitude.
¶b-IT: b-wave implicit time.
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the corresponding control eyes (P � .0001). The ITs
for both the a- and b-waves were also significantly
longer for the 2 eyes of the RP patients compared to
the 2 eyes of control subjects.

Under photopic conditions, the mean � SD of the
a-wave latency was 8.5 � 5.0 milliseconds for the right
eyes and 8.5 � 6.3 milliseconds for the left eyes of the
RP patients. Both of these a-wave latencies were also
significantly longer than those for the control eyes.
The ITs of the photopic a- and b-wave were also sig-
nificantly longer than those of control subjects.

Effect of a- and b-Wave Amplitudes on
a-Wave Latencies

The question arose whether the longer a-wave la-
tencies were related to the lower a- and b-wave am-
plitudes in the RP patients. To answer this question,
we first segregated and analyzed the ERGs of RP
patients into those with scotopic a-wave amplitude
greater than 70 �V and those with photopic a-wave
amplitude greater than 20 �V (Table 5, upper). Un-
der scotopic conditions, the mean � SD of the a-
wave latencies was 6.2 � 1.69 milliseconds for the right
eyes and 5.8 � 1.27 milliseconds for the left eyes.
Both values were significantly longer than the latency
for the control eyes. Under photopic conditions, the
mean � SD of the a-wave latency for the right eyes
was 6.8 � 1.63 milliseconds and 5.9 � 1.81 millisec-
onds for the left eyes. Both values were also signifi-
cantly longer than the latency for the control eyes.

The eyes were then segregated for ERGs that had
scotopic b-wave amplitudes that were greater than
100 �V and photopic b-wave amplitudes that were
greater than 60 �V (Table 6). Under scotopic condi-
tions, the mean � SD of the a-wave latency for the
right eyes was 6.2 � 1.69 milliseconds and 5.8 � 1.27
milliseconds for the left eyes. Both values were sig-
nificantly longer than the mean latency for the con-

trol eyes. Under photopic conditions, the mean � SD
of the a-wave latency for the right eyes was 6.3 �
1.39 milliseconds and 5.7 � 1.93 milliseconds for the
left eyes. Both values were also significantly longer
than the mean latency for the control eyes.

Coefficient of Correlation
Another way of examining the relationship be-

tween the a-wave latency and the other parameters
of the ERG was to calculate the coefficient of corre-
lation between the a-wave latency and the a-wave
IT, the a-wave amplitude, the b-wave IT and the
b-wave amplitude (Table 7). The strongest coeffi-
cient of correlation was that between the a-wave la-
tency and the a-wave IT for the photopic ERGs of
the left eye (r � 0.722). However, the coefficient of
correlation for the right eye under the same condi-
tions was r � 0.291. In general, shorter a-wave laten-
cies were correlated with larger a- and b-wave ampli-
tudes, but the correlations were generally weak even
though a few were significant.

Discussion
Reliability of a-Wave Measurements

The mean a-wave latency measured by three ob-
servers for 10 control ERGs differed by less than 1
millisecond while the mean IT differed by 1.7 milli-
seconds. The standard deviations for the a-wave la-
tencies were relatively small and comparable for the
three observers. The coefficients of variation varied
from 11.4% to 16.3% for the latency and from 4.4%
to 17.4% for the IT. We can conclude from these
findings that measurements of the a-wave latency
can be made as reliably as those of the IT in control
subjects.

The comparable measurements of the ERGs from
eyes with RP showed that they were not as reliable
for both the latency and the IT as they were in the

Table 6. Mean � SD of the a-Wave Latencies (Lat) and a- and b-Wave Amplitudes (Amp) 
for Electroretinograms Recorded from Retinitis Pigmentosa Patients

Scotopic Photopic

Right (n � 20) Left (n � 18) Right (n � 19) Left (n � 19)

a-Wave Amp* 116.9 � 42.6 114.1 � 32.7 26.7 � 7.1 28.0 � 7.30
a-Wave Lat 6.2 � 1.69 5.8 � 1.27 6.8 � 1.63 5.9 � 1.81

Right (n � 21) Left (n � 26) Right (n � 13) Left (n � 17)
b-Wave Amp† 216.4 � 103.4 199.1 � 95.9 100.0 � 44.8 94.8 � 38.5
b-Wave Lat 6.2 � 1.96 6.3 � 1.61 6.3 � 1.39 5.7 � 1.93

*Scotopic a-wave �100 �V and photopic a-wave �20 �V.
†Scotopic b-waves �100 �V and photopic b-waves �60 �V.
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control eyes. Although the mean of the a-wave la-
tencies measured by the three observers differed by
less than 2.0 milliseconds and by less than 1.1 milli-
seconds for the ITs, the coefficients of variation var-
ied from 24.8% to 36.7% for the latencies and from
11.5% to 16.0% for the ITs. The larger coefficients
of variation were a reflection of the larger SDs.
These findings indicate that the measurements of the
latency and IT were not as reliable in the RP pa-
tients as in the control subjects, and that the reliabil-
ity was better for the IT than for the latency.

The larger SD for both the latency and IT in the
RP patients was not too surprising because the mea-
surements were made on the ERGs of RP patients at
different stages of their disease process. Thus, unlike
the measurements of control subjects that came from
one population, the RP patients included patients of
different ages and with different inheritance pat-
terns. Future analysis on RP patients of the same ge-
netic background and at comparable stages of their
disease should improve the reliability of the latency
measurements.

a-Wave Latency in Control Subjects
A comparison of our data to those presented by

Jacobi et al for 20 control eyes showed that our find-
ings were very similar and were well within the 95%
confidence limits of their means.7 (Unfortunately, they
did not measure the a-wave latency.) This good agree-
ment confirmed that our stimulating and recording
conditions met the standards recommended by the
ISCEV Committee on Standardization.8 More impor-
tantly, we can conclude that the values of the a-wave
latency, as well as the other parameters, were ob-
tained from a normal population. However, because

the a-wave latency is greatly affected by the stimulus
intensity, the normal a-wave latency should be deter-
mined for each laboratory.

Of special interest in the control subjects was the
finding that the a-wave latencies obtained from the
ERGs elicited under scotopic and photopic condi-
tions were not statistically different. This would sug-
gest either that the rods and cones have the same
a-wave latencies or that the latency recorded under
scotopic conditions is being determined by cones.
Because the mean a-wave latency of the dark-
adapted ERGs recorded from patients with achro-
matopsia or cone dystrophy was significantly longer
than the control a-wave latency, we conclude that
the rods have a small but significantly longer latency
than the cones. This then indicates that the a-wave la-
tency of the dark-adapted ERGs elicited by the 0-dB
stimulus under scotopic conditions is being deter-
mined by the cones.

a-Wave Latency in Retinal Diseases
The results from our experiments on rats strongly

supported the idea that the a-wave latency is deter-
mined exclusively by photoreceptor activity.13 We thus
predicted that the a-wave latency in patients with
cCSNB would not be significantly different from the
a-wave latency of control subjects. Our findings agreed
with our prediction, and support the earlier conclu-
sion that the photoreceptors are normal in cCSNB
patients and the defect is in the synapses. It will be
interesting to measure the a-wave latency in patients
with the incomplete type of CSNB, as their mutation
alters the L-type calcium channel-subunit gene.14,15

The delayed a-wave latency in the patients with
supernormal and delayed rod ERGs indicated that
the photoreceptors were abnormal, agreeing with
the higher thresholds in these patients. However, the
delay in the a-wave latency was not sufficient to ac-
count for all of the delay in the b-wave IT.

a-Wave Latency in Patients with RP
The reduced a- and b-wave amplitudes and the de-

layed IT of the scotopic and photopic ERGs in RP
patients are in good agreement with data in the liter-
ature. On the other hand, the significantly longer
a-wave latency in RP patients has not been reported,
and interestingly, the delay was noted under both sc-
otopic and photopic conditions. Because we showed
that the a-wave latency of the mixed rod-cone re-
sponse elicited by the 0-dB stimulus under scotopic
conditions was not significantly different from the
mean a-wave latency elicited by the same stimulus

Table 7. Coefficient of Correlation for Values Measured 
in Both Eyes of Retinitis Pigmentosa Patients

a-Wave
Latency

vs:

Coefficient of Correlation

Scotopic Photopic

Right
(n � 72)

Left
(n � 68)

Right
(n � 67)

Right
(n � 65)

a-wave IT .255† .092 .291† .722‡

P .031 .453 .017 .0001
a-wave Amp �.398‡ �.539‡ �.294† �.360‡

P .001 .0001 .016 .003
b-wave IT .190 .012 .140 .558‡

P .110 .920 .258 .0001
b-wave Amp �.236† �.342‡ �.278† �.272†

P .046 .004 .023 .028

IT: implicit time, Amp: amplitude.
† Correlation significant at .05 level (two-tailed).
‡ Correlation significant at .01 level (two-tailed).
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under photopic conditions, we conclude that the a-
wave latency was determined by cones under both
scotopic and photopic conditions. Then the delayed
latency in patients with RP indicates that the cones
also have altered phototransduction processes. This
is in support of evidence in the literature that both
rods and cones are affected in patients with RP.16

The delayed a-wave latency was found even in RP
patients with relatively large a- and b-waves. This in-
dicates that the delays were not due to the difficulty
in making the latency measurements even though
the overall reliability was not as good for the latency.

In our laboratory experiments, we showed that fo-
cal retinal changes did not alter the a-wave latency
but that a large area of the photoreceptors had to be
damaged to increase the a-wave latency.13 Thus, the
marked delay in the a-wave latency in RP patients
suggests that both the rods and cones are altered
over a large area of the retina.

Latency and Implicit Time
The time course of the a-wave has been of clinical

interest from the earliest studies of human ERGs.
However, because of the limitations of equipment, it
was not possible to obtain accurate time measurements
in the early clinical studies. For example, Karpe in
1945 reported a resolution of about � 10 millisec-
onds. Nevertheless, it was not all due to the limita-
tions of the equipment because even as late as 1991,
when digital computers with high sampling rates were
available, the implicit time was still considered to
characterize the time course of the ERGs.

More recently, the time course of the a-wave has
been described by fitting a set of Gaussian time curves
to the initial part of the a-waves.17 RP patients have
been analyzed with this technique but reports of a
delay of the a-wave latency have not been published.
We cannot explain why a delay was not noted in any
of the RP patients, because our findings showed that
the delays were quite significant.

The main advantage of using the latency is that it
is determined exclusively by photoreceptor activity.
Even though the reliability of a-wave latency mea-
surements was not as good in RP patients, the mean
delay in RP patients was large enough to be statisti-
cally significant. We can conclude that this delay in-
dicates that there is an alteration of the phototrans-
duction process of both rods and cones over a large
area of the retina in RP patients.

In conclusion, we have shown that the measure-
ments of the latency were as reliable as those for the
IT in control subjects with normal amplitude a-

waves. However, the reliability of the a-wave latency
was not as good as for the IT in RP patients because
measurements were made from patients at different
stages of their disease process. Nevertheless, we rec-
ommend that the latency and not the IT be used to
evaluate the time course of the ERG because the or-
igin of the a-wave latency is known.

This study was supported in part by the William and Norma Hor-
vitz Retinal Degeneration Endowment. The authors thank Mr. In-
dushekhar Persaud for making the measurements of the a-wave
latency and implicit time.
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