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Abstract
Purpose—To assess function of the central retina in 10 week old infants, multifocal
electroretinograms (mfERG) were recorded. MfERG responses represent post-receptor retinal
activity.

Methods—In infants (N = 23) and adults (N = 10), mfERG responses to both unscaled and scaled
61 hexagon arrays were recorded. The amplitude and implicit time of the negative (N1, N2) and
positive (P1) peaks of the first order kernel were examined. The response from the entire area
stimulated and responses to concentric rings were analyzed separately. The overall averaged response
of the first slice of the second order kernel was also evaluated. Results from infants and adults were
compared.

Results—The amplitude of the infants’ responses (N1, P1, N2) were significantly smaller and the
implicit time significantly longer than those of adults. In infants, amplitude and implicit time varied
little with eccentricity. In adults, amplitude decreased with eccentricity while implicit time varied
little. The infants’ second order kernel was relatively more attenuated than their first order kernel.

Conclusion—The infants’ mfERG responses indicate immaturities of processing in the central
retina. Infant-adult differences in the distribution of cones and bipolar cells may account for the
results.

Cone mediated electroretinographic (ERG) responses to full field stimuli are relatively mature
early in infancy. Specifically, the sensitivity and saturated amplitude of the cone photoresponse
are 60% to 70% of the adult values by age 10 weeks.1 Peripheral cones are the main contributors
to these ERG responses, while cones in the macula, which comprises less than 5% of the total
retinal area, contribute little. Thus, little is known about cone function in the immature central
retina. It is well recognized that foveal cone structure does not reach maturity until well into
childhood 2, 3 and that visual acuity has a protracted course of development.4

Although the maximum amplitude of the cone driven post-receptor component, the b-wave, is
nearly the same in infants as in adults, the shape of the b-wave stimulus/response function
differs. The infants’ stimulus/response function does not show a fall off with increasing
intensity.1 This absence of the photopic hill 5–9 in infants has been attributed to immaturity
of the ON and OFF bipolar cell responses.1

The multifocal ERG (mfERG) provides information about the functional topography of the
central retina by recording responses from a large number of small, discrete regions.10, 11
Cone-initiated activity in the bipolar cells is the main contributor to the mfERG response.11,
12 The goal of the present study was to use the mfERG to investigate post-receptor processes
in the central retina of healthy young infants.
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METHODS
Subjects

Term born 10-week-old infants (median 70 days; range 61 to 77 days; N = 23) were recruited
by mail. All had been born within 10 days of their due date and were in good general health.
Normal adult control subjects (median 24 years; range 22 to 51 years, N = 10) were also studied.
Ophthalmic examination disclosed no abnormality in any subject. All infants had grating acuity
4 within the 95% prediction limits of normal for age. The infants, whose spherical equivalents
(median +2.00 diopters; range +1.00 to +4.00 diopters) were within the 95% prediction limits
of normal,13 did not wear optical correction during testing. Optical defocus has little effect on
the amplitude or implicit time of the first order mfERG response.14, 15 The median ETDRS
acuity of adults was 20/16 (range 20/13 to 20/24). Adults wore their optical correction, if any,
during the test; median spherical equivalent was −0.88 diopters (range −7.75 diopters to Plano).
Written, informed consent was obtained from control subjects and parents of the infants after
explanation of the nature and possible consequences of the study. This study conformed to the
tenets of the Declaration of Helsinki and was approved by the Children’s Hospital Committee
on Clinical Investigation.

Procedure
The left pupil was dilated with cyclopentolate 1%. After 30 minutes, proparacaine 0.5% was
instilled and a bipolar Burian-Allen electrode was placed on the left cornea. A ground electrode
was placed on the skin over the left mastoid. Responses were differentially amplified (bandpass
0.3 to 100 Hz; gain 100,000), digitized, and displayed using the VERIS 4.1 system (EDI, San
Mateo, CA). The real time input signal from the electrode was monitored, and segments
contaminated by noise were rejected and recorded again.

An array of 61 hexagons around a central fixation cross was presented on a Nortech Image
Technology monitor at a 75 Hz frame rate. At the 45 cm viewing distance, the horizontal extent
of this array was 43.2°. The average luminance of the stimulus was ~100 cd/m2, and contrast
between the white and black hexagons was >90%. Each hexagon alternated between white and
black using a pseudo random m sequence with exponent 14. There were 214-1 m-sequence
steps during the 3 minute 38 second recording period, which was divided into eight 27-second
segments.

Subjects were tested with unscaled and scaled stimuli. In the unscaled condition, all hexagons
were of equal size; this stimulus makes no assumptions about the underlying distribution of
retinal cells. In the scaled condition, hexagon size was scaled with eccentricity such that, in
adults, all hexagons produce approximately equal amplitude responses.10 A flip of a coin
determined which condition was recorded first. Sixteen of the 23 infants completed testing in
both conditions, five with scaled stimuli only, and two with unscaled stimuli only. Six of the
10 adults were tested in both conditions and four with scaled stimuli only.

One of the investigators (ABF) held the infant on her lap and supported the chin during the
test. To reduce the demands on the infant’s fixation, the recording was broken into eight
segments. At the start of each segment, the infant’s gaze was attracted to the center of the
display by jiggling a small yarn doll (33 mm × 8 mm) which was removed when recording
began. An observer continuously monitored the infant’s fixation during recording. Responses
were recorded only when the observer reported that the infant was alert and looking at the
center of the monitor. If the infant looked away from the center of the display, the segment
was discarded and re-recorded. A control experiment showed that an observer could reliably
report when adult subjects looked outside the central 2.8° hexagon. A second control
experiment with an adult (RMH) showed that changes of fixation within the central hexagon
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produced by scanning along the border of that hexagon throughout the trial did not appreciably
change the amplitude or implicit time of any component. Menz et al.16 also found that small
changes of fixation within the central hexagon have no significant effect on the overall
topography of the mfERG response.

Analyses
Responses to unscaled and scaled stimuli (Figure 1) were processed using the VERIS software
with one iteration of artifact removal and spatial averaging with 1/6 of the surrounding
responses.17 We refer to response density (nV/deg2) as “amplitude.” Amplitude of the first
order kernel was measured from the baseline to the trough (N1, N2) or peak (P1) of the
waveform. Implicit time was measured from the start of the trace to the trough or peak. First,
the overall response of the entire stimulated retinal area was assessed by averaging the
responses to all 61 hexagons. The infants’ amplitude and implicit time of each component of
this overall averaged response were compared to adults’ using t-tests.

Next, responses for each subject were combined in five concentric rings using the VERIS
software. Ring 1 was the central hexagon only. The amplitude and implicit time of the three
components (N1, P1, N2) of the first order kernel were evaluated as a function of group (infant,
adult) and eccentricity (ring 1, 2, 3, 4, 5) using a two factor repeated measures analysis of
variance.18 Post-hoc comparisons were made using Scheffe’s test.

The first slice of the second order kernel represented in the averaged response to all 61 hexagons
was also examined. The peak to trough amplitude of the second order response was measured.
The ratio of this amplitude to P1 amplitude of the first order response was calculated.19–21
The ratio does not depend on absolute amplitude. The ratio in infants and adults was compared
using a t-test.

For all statistical tests, the level of significance was p ≤ 0.01.

RESULTS
The waveform of the averaged first order kernel of the mfERG was similar in infants and adults
for both unscaled and scaled stimuli (Figure 2). For both unscaled and scaled stimuli (Figure
3), the amplitude of P1 and N2 and the implicit time of N1, P1, and N2 differed significantly
between infants and adults; N1 amplitude did not differ significantly. These results illustrate
the principal features of the infant response: reduced amplitude and increased implicit time.

Ring averages for first order kernel responses in three infants and an adult are shown in Figure
4 for unscaled and scaled stimuli. In Figure 5, mean infant and adult N1, P1, and N2 amplitudes
(±SEM) are plotted for each ring, 1 through 5. The difference between infants and adults was
greatest for ring 1, the central hexagon, and least for ring 5, the most peripheral ring. In adults,
amplitude decreased markedly with eccentricity. In infants, amplitude changed little with
eccentricity for unscaled stimuli; for scaled stimuli, amplitude in ring 1 was slightly larger than
in rings 2 through 5.

For the ring averages, analysis of variance indicated that for both unscaled and scaled stimuli,
the mean amplitude of N1, P1, and N2 differed significantly between infants and adults (Table
1). There was a significant interaction of group and eccentricity. For the central hexagon and
ring 2, N1, P1, and N2 amplitude was significantly smaller in infants than adults (Scheffe’s
test). For the peripheral rings (4 and 5), infant and adult amplitudes did not differ significantly.
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Implicit time of all components for both unscaled and scaled conditions was significantly
longer in infants than in adults (Figure 6, Table 1). The infant-adult difference did not vary
with ring number and was larger for N2 than for the earlier components, N1 and P1.

The first slice of the second order kernel in three infants and an adult is shown in Figure 7. The
mean amplitude of the second order response (Figure 8, upper panels) was significantly smaller
in infants than in adults for both unscaled and scaled stimuli. In infants, the second order
responses were relatively more attenuated than their first order responses. The average ratio
of second order to first order response was significantly lower in infants than in adults (Figure
8, lower panels).

DISCUSSION
The present results show that the photopic responses of the central retina are significantly
smaller and slower in infants than adults (Figures 3, 5, 6) and, in infants, vary little with
eccentricity (Figures 5, 6). The amplitude difference between infants and adults decreases with
eccentricity (Figure 5). The large central peak observed in adults is not found in infants. The
similarity of infant and adult amplitudes in the peripheral rings is consistent with the relative
maturity of the infants’ full field cone ERG which is dominated by peripheral retinal activity.
1

In infants, the distribution of cones in the central retina is nearly flat.2, 3, 22 Specifically, results
of analysis by Candy et al.23 showed that cone density varies from 15,000 cones/mm2 at the
fovea to 12,500 cones/mm2 at 10° in the infant retina compared to ~200,000 cones/mm2 at the
fovea and 11,300 cones/mm2 at 10° in the adult retina. If the relative density of bipolar cells
is like that of cones, as it is in simian retina,24–27 the amplitude of the infants’ mfERG response
would vary little with eccentricity. This would account for the results displayed in Figure 5.

Small changes in fixation within the central hexagon are unlikely to account for the infant-
adult difference in mfERG responses. As previous results from adults 16 and our control
experiment show, such eye movements have little effect. Furthermore, the shallow gradient of
receptors in the infant eye 23 would be likely to reduce the impact of unstable fixation in infants’
mfERG.

The first slice of the second order kernel is thought to reflect non-linear adaptive processes.
11, 28, 29 The amplitude of the second order response is very small in infants (Figures 7, 8),
indicating that these adaptive processes are not well developed in infants. The present results
add to previous knowledge obtained through the study of full field ERG oscillatory potentials,
30 which also document immature neural processes in post receptor retina of young infants.
These retinal immaturities may explain, in part, the protracted course of visual development.
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Figure 1.
Sample mfERG records of Infant 15. The 61 first order responses to unscaled (upper trace
array) and scaled (lower trace array) stimuli are shown. This infant had amplitudes that were
near the median in both conditions. In each panel, a schematic drawing of the stimulus is shown.
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Figure 2.
First order kernel responses averaged across all 61 hexagons in the unscaled (upper panel) and
scaled (lower panel) conditions. Responses are shown for infants who had P1 amplitude near
the minimum (Infant 19), median (Infant 15), and maximum (Infant 14) values in both stimulus
conditions. Responses from an adult (Adult 10) with P1 amplitude near the median are also
shown (lowest trace in each panel). For each subject, waveforms in the unscaled and scaled
conditions are similar. In each panel, the calibration bar pertains to all subjects.

Hansen et al. Page 8

Invest Ophthalmol Vis Sci. Author manuscript; available in PMC 2010 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
Amplitude (upper panels) and implicit time (lower panels) of overall averaged responses for
unscaled (left) and scaled (right) stimuli in infants (filled bars) and adults (open bars). Means
(± SEM) for N1, P1, and N2 of the first order kernel are shown.
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Figure 4.
Ring averages to unscaled (upper panels) and scaled (lower panels) stimuli. The response to
the central hexagon (ring 1) and the average response to all hexagons in each concentric ring
(2 through 5) are shown. Responses from infants with P1 amplitude at the minimum (Infant
19), median (Infant 15), and maximum (Infant 14) are shown. For comparison, ring averages
for an adult (Adult 10) are also plotted. The calibration bar (lower right panel) pertains to all
panels.
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Figure 5.
Mean amplitude (± SEM) for infants (filled circles) and adults (open circles) for N1, P1, and
N2 of the first order kernel plotted for rings 1 through 5. Responses to unscaled stimuli are
shown on the left and to scaled stimuli on the right.
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Figure 6.
Mean implicit time (± SEM) for infants (filled circles) and adults (open circles) for N1, P1, and
N2 of the first order kernel plotted for rings 1 through 5. Responses to unscaled stimuli are
shown on the left and to scaled stimuli on the right.
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Figure 7.
The second order response averaged across all 61 hexagons in the unscaled (upper panel) and
scaled (lower panel) conditions. The peak and trough used to specify amplitude are indicated.
Responses are shown for the same subjects as in Figures 2 and 4. In each panel, the calibration
bar pertains to all subjects.
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Figure 8.
The amplitude of the second order kernel plotted (upper panels) for unscaled (left) and scaled
(right) stimuli for infants (filled bars) and adults (open bars). The ratio of the amplitude of the
second to first order response (lower panels) is plotted for infants and adults. Means (±SEM)
are shown.
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