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Visual acuity was assessed in 28 human infants who had been deprived of all
patterned visual input by cataracts in one or both eyes until they were treated
at 1 week to 9 months of age. Immediately after treatment, acuity was no better
than that of normal newborns. Acuity improved significantly over the next
month, with some improvement apparent after as little as 1 hour of visual
input. Unlike findings at older ages, the pattern of results was the same for
eyes treated for monocular and for binocular deprivation. The results in-
dicate that patterned visual input is necessary for the postnatal improve-
ment of human visual acuity and that the onset of such input initiates rapid
functional development.

No matter how it is measured, visual acuity is
poor at birth: The smallest stripes to which
newborns respond are about 40 times larger
than what can be resolved by adults with
normal vision (1–6). There is at least a five-
fold improvement in acuity by 6 months of
age, although it takes several more years for
acuity to reach adult levels (2, 4, 6). We
assessed the contributions of intrinsic factors
versus postnatal visual experience to this rap-
id postnatal improvement in acuity. We com-
pared the grating acuity of infants who had
been deprived of patterned visual input by
dense central cataracts in one (n 5 16) or
both eyes (n 5 12) to that of age-matched
normal infants (7).

Patients had been deprived of patterned
visual input for 1 week to 9 months after birth
(mean, 3.7 months). Treatment involved sur-
gical removal of the cataractous lens, leaving
the eye with no means to focus images. A few
days to a few weeks after surgery, the treated
eyes were given appropriate contact lenses so
that, for the first time, visual input was fo-
cused on the retina (8). We compared the
monocular acuity of each eye immediately
after contact lens insertion (within 10 min,
that is, before significant visual input) to that
of an infant of the same age who had received
normal postnatal visual experience (9). We
retested acuity after 1 hour of visual input, 1
week later, and 1 month later. We retested
after such short intervals because in kittens
that have been visually deprived, the onset of
patterned visual input induces cortical chang-
es after as little as 30 to 60 min (10) and

improvement in visual acuity within a few
hours (11).

Figure 1 shows the results immediately
after contact lens insertion for patients and
for age-matched normals (12). Whether the
deprivation had been binocular or monocular,
the initial acuity of treated eyes was signifi-
cantly worse than the acuity of the age-
matched controls and significantly worse
than that of groups of normal infants tested
under similar conditions (13) (all P’s ,
0.0001, one-tailed paired t tests). Although
there is some scatter in the data across indi-
vidual infants, there is no sign of postnatal
improvement before patterned visual input

and each of the geometric means for patients
falls between 30 and 60 min of arc, the range
typically reported for normal newborns (1–3,
5). The acuity of patients falls farther below
that of the age-matched normals, the later
during the first year that they were treated
(filled symbols in Fig. 2). Pearson correla-
tions showed significant relations (all P’s ,
0.05) between the age at contact lens inser-
tion and the size of the deficit in the treated
eye relative to its age-matched normal in
patients treated for unilateral congenital cat-
aract and each eye of patients treated for
bilateral congenital cataract (r’s 5 0.58 to
0.60). The acuity in the nondeprived eye of
unilateral cases (Fig. 1D) was significantly
better than the acuity in the deprived eye
(P 5 0.0002, one-tailed paired t test) and did
not differ from that of the age-matched nor-
mals (P . 0.05, two-tailed paired t test). The
acuity of the nondeprived eye was higher, the
later during the first year it was tested (r 5
0.77, P 5 0.0005).

Figure 3 shows the mean change in the
acuity of patients from its initial value after
each of the test intervals and the mean change
in age-matched normals retested after the
same intervals. Treated eyes showed signifi-
cant improvements that averaged around 0.40
octaves between the immediate and 1-hour
tests (arrows in Fig. 2; all P’s , 0.05, one-
tailed paired t tests) and around 0.60 octaves
between the 1-hour and 1-month tests (all
P’s , 0.02). The deficit in each treated eye
compared with the age-matched normal de-
creased from an average of just over 2 oc-
taves on the immediate test to a mean of
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Fig. 1. Acuity on the immediate
test. The x axis indicates the age
at the time of the test, which for
the treated eyes of patients is
also the age at the time of the
first patterned visual input. The y
axis indicates the size (in min-
utes of arc) of the smallest
stripes to which the eye re-
sponded. The solid line gives
mean normative values for mon-
ocular tests with Teller Acuity
Cards (13). Each panel shows the
results for patients (x) and for
their age-matched controls (E).
(A and B) The results for the
right and left eyes, respectively,
of 12 patients treated for bilat-
eral congenital cataract. (C) The
results for the treated eyes of 16
patients treated for unilateral
congenital cataract. The dashed
lines represent the geometric
mean acuity for patients. (D) The
results for the fellow nonde-
prived eyes of the 16 patients
treated for unilateral congenital
cataract.
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about 1 octave at the 1-month test (14). The
amount of improvement between the imme-
diate and 1-hour tests and between the imme-
diate and 1-month tests was not related to the
age of first patterned visual input (P’s .
0.10, Pearson correlations) and did not differ
for eyes that had been deprived unilaterally
versus bilaterally (P’s . 0.10, two-tailed t
tests) (Figs. 2 and 3). Nor, in unilateral cases,
was the improvement over the month related
to the amount of patching of the nondeprived
eye (P . 0.10) (15). The improvement is
unlikely to be merely a practice effect be-
cause there was no significant improvement
over the first hour or the next month in the
nondeprived eyes of unilateral patients, nor in
any of the groups of age-matched controls
(all P’s . 0.10, one-tailed paired t tests com-
paring immediate to 1-hour and 1-month
tests) (16).

The results indicate that in humans, acuity
does not improve postnatally until the ner-
vous system receives patterned visual input.
For deprivation lasting up to 9 months after
birth, acuity remains near the newborn level,
perhaps maintained by cortical stimulation
from spontaneous retinal activity (17). How-
ever, in this age period, patterned visual input
can alter the nervous system rapidly and suf-
ficiently to support better acuity as early as 1
hour later and to induce further improvement
over the next month. These functional chang-
es may reflect changes in cortical connectiv-
ity of the type that has been observed in
kittens immediately after the onset of visual
input (18).

The initial results after monocular depri-
vation were similar to those after binocular
deprivation: In both cases the initial acuity

was similar to that of normal newborns, and
in both cases there was similar improvement
after 1 hour of visual input. Although im-
provements after the 1-hour test occurred

more rapidly after binocular deprivation (Fig.
3) (14), by the 1-month test eyes treated for
monocular cataract had improved to the same
extent as eyes treated for binocular cataract,
whether or not there had been extensive
patching of the nondeprived eye. This pattern
contrasts with the results from later tests with
similar cohorts, in which the acuity of the
previously deprived eye in monocular cases
is worse than the acuity in binocular cases,
unless the fellow eye was patched aggressive-
ly after treatment for monocular cataract (19).
The later results have been interpreted as
showing that the nervous system is affected
adversely both by deprivation and by unbal-
anced competition between a formerly de-
prived eye and a fellow nondeprived eye.
Immediately after deprivation, as in kittens
(11), recovery appears to be driven exclusive-
ly by visual activity. Only later, after visual
activity has initiated the functional changes
that we observed, do competitive interactions
appear to affect the total amount of recovery.
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The results for the deprived eyes of the patients
treated for unilateral congenital cataract.
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Precisely Localized LTD in the
Neocortex Revealed by
Infrared-Guided Laser

Stimulation
H.-U. Dodt,* M. Eder, A. Frick, W. Zieglgänsberger

In a direct approach to elucidate the origin of long-term depression (LTD),
glutamate was applied onto dendrites of neurons in rat neocortical slices. An
infrared-guided laser stimulation was used to release glutamate from caged
glutamate in the focal spot of an ultraviolet laser. A burst of light flashes caused
an LTD-like depression of glutamate receptor responses, which was highly
confined to the region of “tetanic” stimulation (,10 micrometers). A similar
depression of glutamate receptor responses was observed during LTD of syn-
aptic transmission. A spatially highly specific postsynaptic mechanism can
account for the LTD induced by glutamate release.

The locus of long-term potentiation (LTP)
and LTD is still a matter of debate. Mainly
indirect methods have been used to separate
contributions of pre- and postsynaptic fac-
tors. As these analyses are based on assump-
tions concerning neurotransmitter release, the
results have been controversial (1). More di-
rect approaches, probing glutamate sensitivi-
ty during LTP by microiontophoresis, also
yielded conflicting results (2). Therefore,
techniques for applying exogenous receptor
agonists over a time course and volume,
which approximate the release of transmitter
at a single synapse, are required (3). Such
brief and localized releases of neurotransmit-
ter can be achieved by focusing ultraviolet
(UV) light on the slice to release glutamate
from its caged form, which has been added to
the slice superfusate. LTD can be induced in
hippocampal neurons by direct glutamate ap-
plication (4). We used the method of gluta-
mate application by photolysis in combina-

tion with infrared videomicroscopy to ad-
dress these questions.

The soma and dendrites of pyramidal neu-
rons of layer V were visualized in neocortical
slices with infrared videomicroscopy, with
the use of a gradient contrast system (5).
Neurons (n 5 55) were recorded with patch-
clamp pipettes in whole-cell mode (6). Caged
glutamate was added to the superfusion me-
dium, and presynaptic input was eliminated
by the addition of tetrodotoxin (TTX) (1 mM)
in all experiments without synaptic stimula-
tion. With a setup developed especially for
infrared-guided laser stimulation [Fig. 1A
and supplementary figure (7)], we were able
to direct a 1-mm UV spot under visual control
on the surface of the neuron being studied.
The UV spot was positioned on the dendrite
at distances of 100 to 150 mm from the soma.

As glutamate is released from its caged
form by constant UV flashes in constant
quantities (8) and presynaptic input was
blocked by TTX, any changes in neuronal
responses had to be of postsynaptic origin.
After establishing a baseline of responses by
releasing glutamate every 20 s for 10 min, a
train of 5-Hz light flashes for 1 min was used
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