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Purposk. To test the hypothesis that eyes with amblyopia may
have thicker retina, retinal nerve fiber layer thickness (RNFLT)
was investigated in patients with unilateral amblyopia.

MEetHODS. Thirty-eight patients with unilateral amblyopia were
studied. Among them, 20 patients had amblyopia with strabis-
mus and 18 had refractive amblyopia without strabismus. Nine-
teen of 38 had anisometropia of 2.0 D or more. In addition, 17
patients with anisometropia of 2.0 D or more but without
amblyopia were enrolled as control subjects. RNFLT was mea-
sured by optical coherence tomography with scan pattern
“Nerve Head 2.0R” (Carl Zeiss Meditec, Dublin, CA). Average
RNFLT was multiplied with their corresponding scan circum-
ferences to estimate the integral values of the total RNFL area
(RNFLTestimatr:d integrnls)'

Resurrs. In all 38 patients with unilateral amblyopia, the differ-
ence in RNFLT and in RNFLT .g;mated integrais PEEWEEN the am-
blyopic eyes and the normal fellow eyes were statistically
significant. Multivariate regression analysis with adjustment for
axial length, spherical equivalence, age, and sex indicated
significant differences as well. In the group of strabismic am-
blyopia, the difference in RNFLT and in RNFLT .gimated integrats
between the amblyopic eyes and the normal fellow eyes
did not reach statistical significance. However, in the group
of refractive amblyopia, the difference in RNFLT and in
RNFLT .gimated integrats PEEWeEN the amblyopia eyes and the
normal fellow eyes both had a statistical significance. In the 19
patients with anisometropic amblyopia, the difference in
RNFLT and in RNFLT .gmated integrais DETWEEN the amblyopic
eyes and the normal fellow eyes were statistically significant. In
the control group of 17 patients with nonamblyopic anisome-
tropia, the difference in RNFLT and in RNFLT .gmatea integrals
between both eyes did not reach statistical significance.

Concrusions. RNFLT may be affected by refractive amblyopia,
but further histopathologic confirmation is needed. (Invest
Opbthalmol Vis Sci. 2004;45:2224-2230) DOI:10.1167/
iovs.03-0297

mblyopia is considered to be a developmental disorder of
spatial vision that is associated with the presence of stra-
bismus, anisometropia, or form deprivation early in life." If the
same disorders occur later in life, amblyopia does not develop.
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The amblyopic process may have an effect on various levels
of the visual pathway. Shrinkage of cells in the lateral genicu-
late nucleus that receive input from the amblyopic eye®”” and
a shift in the dominance pattern in the visual cortex®~'? have
been reported. Retinal involvement accompanying amblyopia
is controversial.">~'7

During fetal development, there is a rapid decline in cell
density in the retinal ganglion cell layer toward the end of
gestation. In humans, the total population of cells in the gan-
glion cell layer is highest (2.2-2.5 million cells) between ap-
proximately weeks 18 and 30 of gestation. After this, the cell
population declines rapidly to 1.5 to 1.7 million cells.'® The
number of axons in the human optic nerve also decreases
during gestation.’® At 16 to 17 weeks of gestation, the esti-
mated number of axons was 3.7 million. The number of axons
in the human adult optic nerve is 1.1 million. In rat retina, the
number of retinal ganglion cells projecting to the central visual
nuclei is reduced by at least 35%, and the process ceases by 2
weeks postnatally.*® If amblyopia affects the process of post-
natal reduction of ganglion cells, RNFL thickness may be
thicker than that in the normal eye. It was our plan to investi-
gate retinal nerve fiber layer thickness (RNFLT) in amblyopic
eyes to determine whether it is thicker.

Several techniques to evaluate the RNFLT, such as red-free
ophthalmoscopy, scanning laser polarimetry (SLP) and optical
coherence tomography (OCT) have been described. SLP esti-
mates RNFLT based on the retardation of the laser beam caused
by the birefringence of the RNFL. Because the cornea is also
birefringent, erroneous RNFLT assessment can be made with-
out proper anterior segment compensation.>'>*> OCT is a
noninvasive, noncontact technique that measures RNFLT.**2>
The RNFLT measured by OCT corresponds to the RNFLT mea-
sured histologically.?* Because OCT is based on near-infrared
interferometry, the thickness measurement is not affected by
refractive status or axial length of the eye, nor by light changes
in nuclear sclerotic cataract density.”® RNFLT remains un-
changed after laser-assisted in situ keratomileusis (LASIK).*”
Posterior subcapsular and cortical cataracts, heavy nuclear cat-
aracts, secondary cataracts, loss of vitreous body transparency,
and silicone oil in the vitreous chamber, however, reduce the
ability to perform OCT.***® Excluding these conditions, OCT
is a reliable imaging technology. The purpose of our investiga-
tion was to use OCT to measure RNFLT in patients with
unilateral amblyopia, to see whether the RNFL is thicker in the
amblyopic eye.

MATERIALS AND METHODS

Subjects

Approval for this project was obtained from the institutional review
board of Taipei Veterans General Hospital. The study was performed
according to the tenets of the Declaration of Helsinki for research
involving human subjects. Patients with unilateral amblyopia were
consecutively enrolled. Clinical examinations included best corrected
visual acuity, refraction error, slit lamp examination, extraocular move-
ments, intraocular pressure, fundoscopy, and A-scan for axial length.
Patients with organic eye disease, a history or evidence of intraocular
surgery, history of cataract, glaucoma, retinal disorders, or laser treat-
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TABLE 1. Basic Clinical Data of 20 Patients with Unilateral Amblyopia with Strabismus
Average
Axial Length RNFLT
Refractive Error (D) (mm) (pm)
Amblyopic

Case Gender Age Eye Squint BCVA A N A N A N
S1 M 12 oD ET 25 PD 20/30 +0.75-5.5X180 —0.25-3.5X180 23.83 2359 126 116
S2 M 22 OD XT 40 PD 20/200 +4.0—7.0X180 —1.5X180 22.98 23.70 136 128
S3 F 50 oS ET 40 PD 20/600 +7.0—3.5X60 +0.5 21.51 2375 148 142
S4 F 13 OD ET 40 PD 20/30 +2.75-2.75X180  Plano 2226  23.07 147 133
S5 M 44 0Os XT 25 PD 20/30 +0.25-0.75X180  +1.5—1.5X180 2390 2325 137 124
S6 M 12 OD XT 16 PD 20/1200 +0.5—3.5X180 —3.5—0.5X180 24.23 25.77 122 100
S7 F 58 0Os ET 16 PD 20/1200  +2.25—0.5X80 +1.75-1.0X125 2285 2270 128 121
S8 M 6 OD ET 4 PD 20/200 +6.0 +4.0—1.0X180 19.85 20.04 114 120
$9 F 25 0Os XT 10 PD 20/50 +1.5 +0.5 21.27  21.42 146 185
S10 M 74 (ON) ET, postop. 20/1200 +3.0—-1.0X70 +3.25—1.0X50 23.63 23.41 121 133
S11 F 49 0Os ET 35 PD 20/1200  +2.25—1.0X150 +1.25-0.5X40 2215 2273 118 99
S12 M 15 (ON) XT 35 PD 20/200 +1.0—1.25X180 —-0.5 22.25 25.84 115 108
S13 M 20 oD ET 10 PD 20/200 +0.25 -0.25 2352 23.63 123 135
S14 F 23 (O8] XT 90 PD 20/200 +3.25—1.5X180 —1.5—1.25X180 21.83 24.11 132 92
S15 F 20 0Os XT 30 PD 20/200 Plano Plano 23.16 2317 160 162
S16 M 10 OD ET 40 PD 20/30 —0.25 Plano 24.08 23.01 126 128
S17 F 12 oD XT 18 PD 20/100 —6.0—1.0X180 Plano 2528 23.06 133 141
S18 M 20 OD XT 12 PD 20/60 —06.0—7.5X180 3.0X180 26.07 24.20 122 123
S19 F 24 0Os XT 25 PD 20/200 —1.0—2.25X80 —9.5-1.0X10 2381 28.06 128 129
S20 M 38 OD XT 45 PD 20/60 —4.0—1.0X80 —3.0—-1.0X120 26.26 25.02 147 146

A, amblyopia; N, normal; BCVA, best corrected visual acuity; ET, esotropia; XT, exotropia; PD, prism diopter.

ment and children not cooperative enough for OCT examination were
excluded.

A total of 38 patients with unilateral amblyopia were enrolled.
Twenty had strabismic amblyopia (Table 1). The other 18 without
strabismus had a diagnosis of refractive amblyopia (Table 2). Of the 38
patients with unilateral amblyopia, 19 also had anisometropia, includ-
ing 7 from the group with strabismic amblyopia and 12 from the group
with refractive amblyopia (Table 3). Anisometropia was defined as a
difference in spherical equivalence of 2.0 D or more between the two
eyes. For the purpose of comparison, in addition, 17 patents with
nonamblyopic anisometropia were enrolled as control subjects (Ta-
ble 4).

OCT Technique

After obtaining informed consent, the pupils were dilated with 1 drop
of 1% tropicamide. RNFLT was measured by OCT 30 minutes later. The
OCT system used in this study was OCT model 2000 (Carl Zeiss
Meditec, Dublin, CA). The software version was 5.1. A peripapillary
circular scan with scan pattern “Nerve Head 2.0R” was carefully posi-
tioned. The same scan pattern was used in all cases. Internal fixation
was chosen unless the amblyopia was too deep to follow the fixation
target. Average RNFLT detected by the circular scan was measured
three times in each eye. Figure 1 showed a single OCT scan. All OCT
measurements were performed by one of the authors (C-YC) who was

TABLE 2. Basic Clinical Data of 18 Patients with Refractive Amblyopia without Strabismus

Average
Axial Length RNFELT
Refractive Error (D) (mm) (pm)
Amblyopic

Case Gender Age Eye BCVA N A N A N

R1 M 9 OD 20/40 +1.5—-0.5X180 —0.75 20.05 23.99 150 130
R2 M 20 oS 20/100 +1.5—1.75X180 Plano 23.39 23.75 126 127
R3 M 9 OD 20/30 +4.0—0.5X160 Plano 22.14 23.06 154 130
R4 M 75 OD 20/60 +3.0—4.75X110 Plano 23.60 23.56 116 101
R5 M 18 (O] 20/100 +3.75—-0.75X180 +0.5-0.5X90 22.32 23.00 136 132
RGO M 71 OD 20/200 +4.75—1.5X90 +2.75—1.25X90 2251 22.36 112 94
R7 M 23 OD 20/100 +0.5 —4.5—0.5X180 24.68 27.19 137 135
R8 F 22 (O] 20/100 +4.0—0.5X180 —0.5—0.5X180 22.21 25.13 157 134
RO M 28 (O8] 20/600 +5.0—1.5X35 —0.5X90 22.47 24.08 122 102
R10 F 20 (O] 20/100 +2.0—1.0X180 —1.75—1.5X180 23.04 24.27 180 151
R11 F 21 OD 20/50 +1.5-0.75X90 —0.25 24.05 23.90 161 133
R12 F 8 [ON) 20/200 +2.5—-0.75X180 +0.25—0.5X90 21.80 23.00 128 112
R13 F 33 OD 20/50 +5.25-1.5X160 +0.5—1.0X180 20.30 22.04 161 145
R14 M 25 oS 20/30 —2.0—2.0X180 —4.25—-0.5X155 24.79 25.98 142 142
R15 M 10 OD 20/60 —4.25—1.0X40 —1.25 24.53 23.65 153 133
R16 M 24 (O8] 20/40 —5.25 —-1.75 25.78 24.71 121 119
R17 M 20 OD 20/50 —0.25—4.0X50 —1.75—-0.75X180 24.65 24.42 157 163
R18 F 21 (O8] 20/300 —6.0—2.5X60 Plano 25.60 23.18 147 152

A, amblyopia; N, normal; BCVA, best corrected visual acuity.
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TABLE 3. Basic Clinical Data of 19 Patients with Amblyopia with Anisometropia

IOVS, July 2004, Vol. 45, No. 7

Average
Axial Length RNFLT
Refractive Error (D) (mm) (pm)
Amblyopic

Case Gender Age Eye Squint BCVA A N A N A N

S3 F 50 oS ET 40 PD 20/600 +7.0—3.5X60 +0.5 21.51 23.75 148 142
S6 M 12 OD XT 16 PD 20/1200 +0.5—3.5X180 —3.5—0.5X180 24.23 25.77 122 100
S8 M 6 OD ET 4 PD 20/200 +6.0 +4.0—1.0X180 19.85 20.04 114 120
S14 F 23 (O8] XT 90 PD 20/200 +3.25—1.5X180 —1.5—1.25X180 21.83 24.11 132 92
S17 F 12 OD XT 18 PD 20/100 —6.0—1.0X180 Plano 25.28 23.06 133 141
S18 M 20 OD XT 12 PD 20/60 —6.0—7.5X180 —3.0X180 26.07 24.20 122 123
S19 F 24 oS XT 25 PD 20/200 —1.0—2.25X80 —9.5-1.0X10 23.81 28.06 128 129
R1 M 9 OD ortho 20/40 +1.5—0.5X180 —0.75 20.05 23.99 150 130
R3 M 9 OD ortho 20/30 +4.0—0.5X160 Plano 22.14 23.06 154 130
R5 M 18 (O8] ortho 20/100 +3.75—0.75X180 +0.5—0.5X90 22.32 23.00 136 132
R7 M 23 OD ortho 20/100 +0.5 —4.5—0.5X180 24.68 27.19 137 135
R8 F 22 (O8] ortho 20/100 +4.0—0.5X180 —0.5—0.5X180 22.21 25.13 157 134
R9 M 28 oS ortho 20/600 +5.0—1.5X35 —0.5X90 22.47 24.08 122 102
R10 F 20 (ON) ortho 20/100 +2.0—1.0X180 —1.75—1.5X180 23.04 24.27 180 151
R12 F 8 oS ortho 20/200 +2.5-0.75X180 +0.25—-0.5X90 21.80 23.00 128 112
R13 F 33 OD ortho 20/50 +5.25-1.5X160 +0.5—1.0X180 20.30 22.04 161 145
R15 M 10 OD ortho 20/60 —4.25-1.0X40 —1.25 24.53 23.65 153 133
R16 M 24 (ON) ortho 20/40 —5.25 —1.75 25.78 24.71 121 119
R18 F 21 Os ortho 20/300 —6.0—2.5X60 Plano 25.60 23.18 147 152

A, amblyopia; N, normal; BCVA, best corrected visual acuity; ET, esotropia; XT, exotropia; PD, prism diopter; ortho, orthophoria.

not blind to the diagnosis. In every case, the right eye was always
measured first, followed by the left eye.

Statistical Analysis

29

The mean of the three RNFLT measurement and RNFLT .gmaced integrats
obtained from each eye were used for statistical analysis. Average
RNFLT was multiplied with their corresponding scan circumfer-
ences to estimate the integral values of the total RNFL area:
RNFLT cimated incegrats (WM = RNFLT g (LMD X scan circumference
(um). Results are presented as mean * SD. A paired Student’s #test was
used to assess the difference in RNFLT and in RNFLT imaced integrats D€
tween amblyopic and normal eyes in the patients with unilateral
amblyopia and between both eyes of the patients with nonamblyopic

anisometropia. P < 0.05 was considered to be statistically significant.

To adjust for the possible effects of age, sex, refractive errors, and axial
length on RNFL thickness, multivariate regression analysis was per-
formed, and a generalized estimating equation®* was used to account
for the correlation between both eyes in individuals. The correlation
between RNFL thickness and other continuous variables was deter-
mined using Spearman’s rank correlation coefficient (p).

REsULTS

Among 38 patients with unilateral amblyopia, 23 were male
and 15 were female. The mean * SD age was 26.4 *= 18.3
years. The eye with amblyopia was the right eye in 19 patients
and the left eye in 19 patients. Best corrected vision of the
amblyopic eye ranged from 20/1200 to 20/30. Best corrected

TABLE 4. Basic Clinical Data of 17 Patients with Nonamblyopic Anisometropia

Axial Length Average
Refractive Error (D) (mm) RNFLT (pm)
Case Gender Age More Myopic Eye More Less More Less More Less
C1 F 26 oS —8.75-0.5X135 —5.5—1.0X60 25.50 24.46 132 132
C2 F 22 oS —7.75—1.5X180 —3.5—-2.5X180 26.24 24.20 121 105
C3 M 53 [ON] =55 —2.0—2.0X180 26.97 25.99 99 104
C4 F 22 oS —5.25-0.75X50 +1.25—2.0X180 25.08 23.14 144 145
(65) M 35 OD —5.25-0.5X180 —1.75—1.0X180 26.60 25.10 120 128
C6 F 14 oS —-5.0 -1.0 25.10 23.48 155 150
Cc7 F 20 OD —=5.0 -15 25.06 23.56 85 87
Cc8 F 27 OD —4.75 —0.25—1.0X180 24.81 23.04 124 123
c9 F 14 OD —4.5—2.0X180 —2.25—-2.5X180 24.88 24.34 133 135
C10 M 26 OD —4.5 =05 24.94 23.51 99 105
Cl11 M 41 OD —4.25—0.5X90 —1.0—0.5X130 23.54 22,51 110 124
C12 F 14 OD —35 +1.5-0.75X180 25.44 23.00 117 117
C13 F 43 [ON] -30 —0.75 24.83 24.20 130 135
Cl4 M 12 (O} —-2.0 Plano 23.31 22.76 154 142
C15 F 38 OD —-2.0 Plano 24.60 24.57 102 91
C16 M 35 OD —1.75-0.75X180 Plano 24.00 23.86 141 141
C17 F 42 oS —0.75—1.75X180 Plano 23.07 22.32 101 97

More, more myopic eye; Less, less myopic eye.
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Fundus Video
FIGURE 1.

vision of the normal eye was equal to or better than 20/20. The
mean age of 20 patients with strabismic amblyopia was 27.4 =
18.6 years, and the mean age of 18 patients with refractive
amblyopia was 25.4 £ 18.6 years. The mean age of 17 normal
control subjects was 28.5 * 12.2 years.

In all 38 patients with unilateral amblyopia, the difference
in RNFLT between the amblyopic eyes and the normal fellow
eyes was statistically significant (Table 5). The difference in
RNFLT (imated integrais PEtWeeN the amblyopic eyes and the
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A single OCT scan of a normal eye.

normal fellow eyes was also statistically significant (Table 6).
Multivariate regression analysis with adjustment for axial
length, spherical equivalence, age, and sex indicated a signifi-
cant difference in RNFLT and in RNFLT _yimated integrais 35 Well.
Although the spherical equivalence in amblyopic eyes (0.17
3.59 D) was higher than that in normal fellow eyes (—0.81
2.33 D), the difference was not statistically significant (P
0.084). In addition, there was no significant correlation be-
tween RNFLT and axial length (p = —0.075, P = 0.655) or

1+ 1+
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TABLE 5. Comparison of RNFL Thickness in Amblyopic and Normal Eyes

IOVS, July 2004, Vol. 45, No. 7

Mean * SD (um) Spherical Equivalence (D) Axial Length (mm) Paired+
Test  Adjusted
Amblyopic Normal Amblyopic Normal Amblyopic Normal (029] P

Total patients (n = 38) 136.6 = 16.5 128.9 +19.9 0.17 2359 —0.81 =233 2340+ 1.53 23.85 * 1.46 0.003 0.006
Amblyopia with strabismus

n = 20) 1315 =126 1283 *21.5 —0.13*3.6 —0.71 =282 2339+ 1.63 23.73 * 1.66 0.085 0.500
Refractive amblyopia without

strabismus (7 = 18) 142.2 £ 18.6 129.7 = 18.5 0.49 £357 —092* 170 2341 * 146 24.00 *1.23 <0.001 <0.001
Amblyopia with

anisometropia (n = 19) 139.2 £ 17.2 1275+ 16.8 0.10 £ 473 —132*183 2318+ 1.83 24.04 £1.75 0.001 <0.001

Adjusted P: multivariate regression analysis with generalized estimation equation, adjustment for spherical equivalence, axial length, age, and

SECX.

spherical equivalence (p = —0.009, P = 0.956) among all
amblyopic eyes. RNFLT in all amblyopic eyes did not correlate
with logMAR visual acuity (P = 0.104) after adjustment for age.

Further analysis was performed separately for strabismic
and refractive amblyopia. In the group with strabismic ambly-
opia, the difference in RNFLT and RNFLTmaed integrais
between the amblyopic eyes and the normal fellow eyes
did not reach statistical significance. However, in the group
of refractive amblyopia, the difference in RNFLT and in
RNFLT gimated integrais DEtWeeEN the amblyopic eyes and the
normal fellow eyes were statistically significant (Tables 5, 6).

In the 19 patients with anisometropic amblyopia, the dif-
ference between RNFLT and RNFLT .qimated integrats i the am-
blyopic eyes and in the normal fellow eyes both were statisti-
cally significant (Tables 5, 6). The differences were significant
in the multivariate regression analysis as well. In the control
group of 17 patients with nonamblyopic anisometropia, the
difference in RNFLT and in RNFLTimatea integrais DEtWEEN
the two eyes both did not reach statistical significance (Ta-
bles 7, 8).

Difference in RNFL thickness may come from glaucomatous
damage and subjects older than 40 may confound the data
analysis. Therefore, we also analyzed the data excluding sub-
jects older than 40. The number of subjects was reduced to 31
from 38 (amblyopic) and to 13 from 17 (control). With a
sample size of 31, the study had more than 80% statistical
power to detect a 6% increase in RNFL thickness in amblyopic
eyes, compared with the normal eyes. The results of RNFLT
and RNFLT .gimated integrais Of the reduced number also con-
sisted with the results of total number.

DISCUSSION

During an OCT examination, the selected preset scan radius is
automatically modified by the instrument’s software. This mod-
ification is assumed to overcome the magnification produced
by the patient’s eye. The actual projected scan radius was
found to have statistically significant positive correlation with
axial length.*® For each 1-mm increase in axial length, the

TABLE 6. Comparison of RNFLT

estimated integrals

actual projected scan radius increased approximately 0.06 mm
or 3.5%. A final correction should be made by the examiner, by
using a control knob, to reach the desired scan radius. This final
correction of the actual projected scan radius, already modified by
the instrument, should be made, especially in studies investigat-
ing the relationship of RNFL thickness measurement with axial
length or refractive error. The study also found that the
RNFLT .gimated integrais r€2 was found to be independent of the
scan radius.?® We did not correct the actual radius when we
performed the OCT examination. Therefore, we used two
approaches to correct for this. First, we used multivariate
regression analysis to adjust the effects of refractive errors and
axial length on the measured RNFLT. Second, we used the
“retinal nerve fiber layer total area” as a proxy parameter. Our
study revealed RNFLT was thicker and RNFLT ;mated integrals
were larger in the amblyopic eye, especially in refractive am-
blyopia and in anisometropic amblyopia, but not in strabismic
amblyopia.

The amblyopic process may have an effect on various levels
of the visual pathway. Histopathologic changes in the lateral
geniculate nucleus and visual cortex have been reported.

Histologic study of the lateral geniculate nucleus of mon-
keys with strabismic, anisometropic, and visual deprivation
amblyopia reveals marked shrinkage of cells that receive input
from the amblyopic eye.>~ There are similar findings in the
lateral geniculate nucleus in human anisometropic amblyopia®
and strabismic amblyopia.”

Wiesel and Hubel>®° pioneered the application of micro-
electrode techniques to record directly from single neurons
within the visual system of animals to study the effects of
normal and abnormal visual experience early in life in visually
immature kittens. Extracellular recordings from striate neurons
in monkeys with strabismic, anisometropic, and visual depri-
vation amblyopia and in unilaterally lid-sutured kittens demon-
strated a decimation of binocularly driven cells and of cells
receiving input from the amblyopic eye.'®”'? In humans,
positron emission tomography scans revealed a significant re-
duction of relative cortical blood flow and glucose metabolism

in Amblyopic and Normal Eyes

Paired-t Test Adjusted
Amblyopic Normal @P) P
Total patients (7 = 38) 1,386,052 * 199,609 1,326,627 *+ 216,605 <0.001 0.006
Amblyopia with strabismus (z = 20) 1,359,696 * 152,690 1,337,361 *= 215,409 0.507 0.500
Refractive amblyopia without strabismus (7 = 18) 1,470,697 = 207,649 1,376,891 * 224,683 0.005 <0.001
Amblyopia with anisometropia (z = 19) 1,432,455 + 188,711 1,342,034 + 190,211 0.003 <0.001

Data are mean um’® * SD. Adjusted P: multivariate regression analysis with generalized estimation equation, adjustment for spherical

equivalence, axial length, age, and sex.
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TABLE 7. Comparison of RNFL Thickness Between Eyes in Nonamblyopic Anisometropia

Mean *= SD (pum) Spherical Equivalence (D) Axial Length (mm)
Paired-¢
More Less More Less More Less Test Adjusted
Myopia Myopia Myopia Myopia Myopia Myopia (029] P
Nonamblyopia with
anisometropia (n = 17) 121.5 £ 204 121.2 £19.8 —451 *214 —141*193 2494+ 1.07 23.76* 0.96 0.875 0.922

during visual stimulation of the amblyopic eye compared with References
the normal eye.*"

Retinal involvement in strabismic and/or anisometropic am- 1. Von Noorden GK. Classification of amblyopia. Am J Opbthalmol.
blyopia is controversial.'?"'” Electroretinograms elicited by 1967;63:238 -244.
patterned stimuli in humans with various types of amblyopia 2. Wiesel TN, Hubel DH. Effects of visual deprivation on morphology
were significantly reduced.'® The Stiles-Crawford effect or fo- and physiology of cells in the cat’s lateral geniculate body. J Neu-
veal visual pigment density, however, indicated no retinal rophysiol. 1963;26:978-993.

dvsfunction at the level of cone photorecentors in amblvopic 3. Headon MP, Powell TS. Cellular changes in the lateral geniculate
Y p p Yop nucleus of infant monkeys after suture of eyelids. J Anat. 1973;

eyes.'* There have been no studies of either the anatomic or 116:135-145

p hy51910glc prop ert1es.of the retina 1.n monkeys .reared Wl.th 4. Von Noorden GK. Histological studies of the visual system in
experimental amblysopla due to strabismus or anisometropia. monkeys with experimental amblyopia. Invest Opbthalmol Vis
Ikeda and Tremain ~ reported that kittens reared with experi- Sci. 1973;12:727-738.

mental esotropia had deficits in the spatial resolution of retinal 5. Von Noorden GK, Middleditch PR. Histology of the monkey lateral
ganglion cells in the area centralis of the deviating eye. Lid geniculate nucleus after unilateral lid closure and experimental
suture or surgical strabismus in cats, however, did not result in strabismus: further observations. Invest Opbthalmol Vis Sci. 1975;
reduced ganglion cell resolution.’®'” In the present study, the 14:674 - 683.

RNFL thickness measured by OCT was significantly thicker in 6. Von Noorden GK, Crawford MLJ, Levacy RA. The lateral geniculate
refractive amblyopia. nucleus in human anisometropic amblyopia. Invest Ophthalmol

Using a third generation nerve fiber analyzer (GDx; Laser Vis Sci. 1983;24:788-790.

Diagnostic Technologies, San Diego, CA), Colen et al.>? mea- 7. Von Noorden GK, Crawford MLJ. The lateral geniculate nucleus in
sured RNFL thickness in strabismic amblyopia, and reported human strabismic amblyopia. Invest Ophthalmol Vis Sci. 1992;33:
that there was no statistically significant difference between 2729-2732.

the strabismic amblyopic eyes and normal eyes. In the present 8. Hubel DH, Wiesel TN. Receptive fields of cells in striate cortex of

very young inexperienced Kittens. J Neurophysiol. 1963;26:994 -
1002.

9. Wiesel TN, Hubel DH. Single-cell responses in striate cortex of
kittens deprived of vision in one eye. J Neuropbysiol. 1963;26:
1003-1017.

10. Baker FH, Grigg P, von Noorden GK. Effects of visual deprivation
and strabismus on the response of neurons in the visual cortex of
the monkey, including studies on the striate and prestriate cortex

study, RNFL thickness was not significantly different between
strabismic amblyopic and normal eyes. However, the RNFL
was thicker in refractive amblyopic eyes.

It is unclear why there is a difference in RNFL thickness
between amblyopia associated with strabismus versus refrac-
tive error. Although strabismic and uncorrected refractive am-
blyopias are characterized by decreased visual acuity, psycho-

physical investigations®®>~> revealed substantial differences in in the normal animal. Brain Res. 1974:66:185-208.

the visual characteristics of humans with different types of 11. Crawford MLJ, Blake R, Cool SJ, von Noorden GK. Physiological

amblyopia. Using a vernier grating stimulus, anisometropic consequences of unilateral and bilateral eye closure in macaque

amblyopes show hyperacuity, while strabismic amblyopes monkeys: some further observation. Brain Res. 1975;84:150-154.

show severe losses in vernier acuity. In addition, strabismic 12. Crawford MLJ, von Noorden GK. Optically induced concomitant

amblyopes show “crowding effects” for vernier gratings, while strabismus in monkey. Invest Ophthalmol Vis Sci. 1980;19:1105-

anisometropic amblyopes show no such effects. The findings 1109.

suggest that different neural losses are associated with amblyo- 13. Arden GB, Wooding SL. Pattern ERG in amblyopia. Invest Opbthal-

pias of different etiologies. In our study, the RNFL was thicker mol Vis Sci. 1985;26:88-96.

and RNFLT . nated integrals WeTe larger in eyes with refractive 14. Deline PJ, Weissenbruch C, Berendschot TTJM, van Norren D.

amblyopia, suggesting that the process of postnatal reduction Photoreceptor function in unilateral amblyopia. Vision Res. 1998;

of ganglion cells require sharply focused objects as appropriate 38:613-617.

stimuli. 15. Ikeda H, Tremain KE. Amblyopia occurs in retinal ganglion cells in
In conclusion, in refractive amblyopia, there is a thicker cats rear‘ed with convergent squint without alternating fixation.

RNFL. This finding requires further histopathologic confirma- Exp Brain Res. 1979;35:559 -582.

tion. 16. Cleland BG, Mitchell DE, Crewther SG, Crewther DP. Visual reso-

lution of retinal ganglion cells in monocularly-deprivated cats.
Brain Res. 1980;192:261-266.

17. Cleland BG, Crewther DP, Crewther SG, Mitchell DE. Normality of
spatial resolution of retinal ganglion cells in cats with strabismic

TABLE 8. Comparison of RNFLT,
Nonamblyopic Anisometropia

between Eyes in

estimated integrals

Paired- amblyopia. J Physiol. 1982;326:235-249.
More Less Test Adjusted 18. Provis JM, van Driel D, Billson FA, Russell P. Development of the
Myopia Myopia @) P human retina: patterns of cell distribution and redistribution in the
ganglion cell layer. J/ Comp Neurol. 1985;233:429 -451.
Nonamblyopia with 1,327,434 1,260,778  0.009 0.847 19. Provis JM, van Driel D, Billson FA, Russell P. Human fetal optic
anisometropia + 219,986 = 204,979 nerve: overproduction and elimination of retinal axons during
n=17) development. /] Comp Neurol. 1965;238:92-100.

20. Potts RA, Dreher B, Bennett MR. The loss of ganglion cells in the
Data are mean wm?” = SD. developing retina of the rat. Brain Res. 1982;255:481-486.



2230 Yen et al.

21.

22.

23.

24.

25.

26.

27.

28.

Greenfield DS, Huang X-R, Knighton RW. Effect of corneal polar-
ization axis on assessment of retinal nerve fiber layer thickness by
scanning laser polarimetry. Am J Opbthalmol. 2000;129:715-722.
Choplin NT, Zhou Q, Knighton RW. Effect of individualized com-
pensation for anterior segment birefringence on retinal nerve fiber
layer assessments as determined by scanning laser polarimetry.
Opbthalmology. 2002;110:719 -725.

Bagga H, Greenfield DS, Feuer W, Knighton RW. Scanning laser
polarimetry with variable corneal compensation and optical co-
herence tomography in normal and glaucomatous eyes. Am J
Opbthalmol. 2003;135:521-529.

Huang D, Swanson EA, Lin CP, et al. Optical coherence tomogra-
phy. Science 1991;1178-1181.

Hee MR, Izatt JA, Swanson EA, et al. Optic coherence tomography
of the human retina. Arch Opbthalmol. 1995;113:325-332.
Schuman JS, Pedut-Kloizman T, Hertzmark E, et al. Reproducibility
of nerve fiber layer thickness measurements using optical coher-
ence tomography. Opbthalmology. 1996;103:1889 -1898.
Gurses-Ozden R, Liebmann JM, Schuffner D, et al. Retinal nerve
fiber layer thickness remains unchanged following laser-assisted in
situ keratomileusis. Am J Opbthalmol. 2001;132:512-516.
Mastropasqua L, Carpineto P, Ciancaglini M, et al. Reproducibility
of nerve fiber layer thickness measurements using optical coher-

29.

30.

31.

32.

33.

34.

35.

IOVS, July 2004, Vol. 45, No. 7

ence tomography in silicone oilfilled eyes. Opbthalmologica.
2001;215:91-96.

Bayraktar S, Bayraktar Z, Yilmaz OF. Influence of scan radius
correction for ocular magnification and relationship between scan
radius with retinal nerve fiber layer thickness measured by optical
coherence tomography. J Glaucoma. 2001;10:163-169.

Liang KY, Zeger ST. Regression analysis for correlated data. Annu
Rev Pub Health. 1993;14:43-68.

Demer JL, von Noorden GK, Volkow ND, Could KL. Imaging of
cerebral blood flow and metabolism in amblyopia by positron
emission tomography. Am J Opbthalmol. 1998;105:337-547.
Colen TP, de Faber JT, Lemij HG. Retinal nerve fiber layer thick-
ness in human strabismic amblyopia. Binocul Vis Strabismus Q.
2000;15:141-146.

Levi DM, Klein S. Hyperacuity and amblyopia. Nature. 1982;298:
268-270.

Manny RE, Levi DM. Psychophysical investigations of the temporal
modulation sensitivity function in amblyopia: spatiotemporal in-
teractions. Invest Ophthalmol Vis Sci. 1982;22:525-534.

Levi DM, Klein S. Differences in vernier discrimination for gratings
between strabismic and anisometropic amblyopes. Invest Opb-
thalmol Vis Sci. 1982;23:398 - 407.



