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To the editor: Leber’s congenital amaurosis, a common cause of blindness in infants and
children,1 recently became the first human genetic retinal disease to show improved vision in
response to treatment. Patients with mutations in the gene encoding retinal pigment epithelium–
specific 65-kD protein (RPE65) had gains in vision within weeks after subretinal injection of
a vector containing the gene in one eye.2–5 At 1-year follow-up after gene therapy, the three
young adult patients in our trial4,5 remained without serious adverse events.

A noteworthy observation in one patient at 1 year after treatment prompted further studies. For
the first time in her life, the patient reported that she could read the illuminated numerical clock
display on the dashboard of the family vehicle while she was sitting in the front seat. The
numerals subtended a visual angle equivalent to a visual acuity of 20/200, which is not different
from her formally measured visual acuities at baseline or at 1 year after treatment. The simplest
explanation of this development would be increased visual sensitivity either at the fovea or in
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the treated region of the superotemporal retina. However, visual sensitivity (measured by
means of microperimetry) was unchanged at this visit as compared with earlier post-treatment
visits (Fig. 1A).

We sought to determine the basis of this development by quantifying fixation of the patient’s
gaze to dim targets over a range of luminances straddling her perception. At baseline, the patient
had foveal fixation in both eyes over a range of target luminances from 2.1 to 2.7 log10 units
higher than the normal foveal perceptual threshold (Fig. 1B), and the results were like those
of other patients with Leber’s congenital amaurosis caused by RPE65 mutations and similar
visual-acuity levels.5

Fixation dwell time, quantified along the diagonal meridian with a range of target luminances
perceived by the patient, suggested a slow emergence of visual gain over many months causing
progressively greater fixational use of the treated superotemporal retina (Fig. 1B). This gain
was particularly evident at lower luminances. By 12 months after treatment, the patient reported
perception of the lowest luminance target (1.8 log10) for the first time. This target was not seen
during any previous visit. New perception was accompanied by a distinct shift in fixation into
the treated superotemporal retina (Fig. 1C, and video in the Supplementary Appendix, available
with the full text of this letter at NEJM.org). Cone sensitivities in the control and study eyes
of the patient were rendered as three-dimensional images on the view of the ocular fundus with
a superimposed circular grid (Fig. 1 in the Supplementary Appendix). Foveal sensitivities in
the two eyes were similar, but the superotemporal region of the treated eye, the “pseudo-fovea,”
was remarkably different from the cone blindness in the comparable region of the control eye.

The change in fixation by the patient was driven by the treatment-created extrafoveal cone
vision with better sensitivity and greater expanse than the untreated foveal region (Fig. 1 in the
Supplementary Appendix).4,5 The unexpected late emergence of visual gain in the patient to
spatially coded and sustained stimuli and a coincident change in preference for fixation from
the fovea to the treated retinal region suggest a slow development of a pseudo-fovea and an
underlying experience-dependent plasticity of the adult visual system. These results raise the
possibility that this gene-based therapy may further improve visual function in an unexpected
and useful way in previously untreatable congenital blindness.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Slow Emergence of a Pseudo-Fovea within the Treated Retinal Region and Perception of
Previously Unseen Stimuli
Panel A shows the eye (upper image) and the patient’s retina (lower image). Overlaid contours
of constant sensitivity (measured by means of microperimetry) show no change in visual
sensitivity between 1 and 12 months after treatment. F denotes the fovea, and ST the
superotemporal retina that received treatment. The circular pattern is a standard grid centered
on the fovea. Retinal distance calibration corresponding to 5 degrees of visual angle is shown.
Panel B shows fixation clouds (scatter plots) in the study eye of the patient at baseline and the
statistics of fixation dwell time (bar graphs) along the diagonal meridian as a function of the
target luminance. All three luminances were perceived by the patient at all visits. At the 2.7-
and 2.4-log10 luminances, fixation was within 3 degrees of the fovea more than 99% of the
time at all visits except at the 12-month visit for 2.4-log10 luminance, when 68% of fixation
time dwelled in an ST retinal region 4 to 9 degrees from the fovea. At 2.1-log10 luminance,
fixations showed increasingly greater excursions into the ST retina between 2 and 9 months
after treatment. At 12 months, 89% of fixation time dwelled in the ST region 4 to 9 degrees
from the fovea. Thin vertical lines represent the foveal location. Red bars indicate significant
(>3 degrees) excursions from the fovea. Panel C shows that a dimmer target (1.8 log10) was
not perceived by the patient’s study eye during baseline though 9 months after treatment. At
12 months, this stimulus was perceived for the first time with a coincident shift of fixation into
the ST retinal region.
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