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1= Kelman 12

02Zil Custom Pulse

US © 30% linear, 20 ms on, 10 ms off
Tor : 90% linear, 100 ms increasing on, 10 ms off
Asp : Max 250 mmHg fixed, Rate 25 co/min fixed

Foot Pedal

166 UIS 20ms

Off 10ms

3% Torsional 5ms
Off 10 ms

B us
B Torsional

] ot

E5 OZi*custom pul

ear “C 20 ms on, 10ms off D/ 4 23=s3 L A TH
e, IEFEIMEYE, S 4UC torsional ZHlAS DY,
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56 mode (WEOBE)
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Off 1ms
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Off 10 ms
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T BlRAL 70w ¥ DIEMTIE 30em 12T H D
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FEDOEE (90~100%), »34 R on time (off 7=
{2 5~20ms), #eEh 42 U fuRBhH: (longitudinal
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in a patient with Candida vaginitis and onychomycosis; both
patients were treated with antibiotics.> The current patient
had no systemic abnormalities but evidently had endoge-
nous Candida endophthalmitis because PCR analysis
detected sufficient quantities of Candida DNA in the vitre-
ous and the cerebrospinal fluid to diagnose the infection.
FA findings of abnormal vasculature in the peripheral retina
are usually seen in eyes with retinopathy of prematurity or
familial exudative vitreoretinopathy, which prompted us to
suspect that the Candida infection in the present case was
congenital. Generally, a congenital Candida infection occurs
by vertical transmission through the uterus or vagina and is
associated with systemic involvement, including dermatitis,
meningitis, anomaly of the brain, and oral mucositis.*
However, the patient was delivered by Caesarean section,
and no signs of Candida infection were detected in the
mother. Thus, acquired Candida infection was the most
likely diagnosis in the present case. Intravenous antibiotics
delivered 2 weeks before the onset of bilateral endophthal-
mitis likely caused iatrogenic Candida infection because of
inadvertent manipulation. Possible insufficient growth of
the retinal vasculature might have facilitated the prolifera-
tion of Candida in the patient’s retina.

To diagnose and treat such a difficult case, broad-range
PCR for the 18S ribosomal RNA sequence is a good screen-
ing tool.” Moreover, real-time PCR can examine the quan-
tity of the pathogen and determine its relation to the
endophthalmitis. Early treatment of infectious endophthal-
mitis is essential in infants, in whom vision develops rapidly.
Thus, a broad-range, real-time PCR system using ocular
samples is useful when the patient has uveitis or endo-
phthalmitis of unknown origin.

Keywords: Candida chorioretinitis, Candida infection, polymerase
chain reaction
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Figure 2A, B. Fundus photographs
of the A right and B left eyes 1
month after administration of flu-
conazole. A The size of the white
lesions had decreased significantly.
B Retinal reattachment with hard
exudates, white vessels, and optic
disc pallor were observed.
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Choroidal Neovascularization in a
Child Following Laser Pointer-Induced
Macular Injury

Laser pointer-induced macular injury is characterized by a
decrease in visual acuity and metamorphopsia.' High-energy
lasers can cause chorioretinal damage, which can lead to cho-
roidal neovascularization (CNV) in animals.” Case reports of
the development of a CNV following laser-induced macular
injury have also been published.** We report the case of a child
with a CNV that developed following a macular injury caused
by repeated exposure to a green laser pointer. The prevalence
of CNV in children is low, but it is still an important cause of
visual impairment.’ To the best of our knowledge, this is the
first report of a child developing CNV following a macular
injury caused by exposure to a green laser pointer.
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Case Report

An 11-year-old boy with decreased visual acuity in the right
eye was referred to our hospital for consultation. The
parents reported that the child stared directly at a com-
monly used green laser pointer. He did not understand the
cautionary statement, and from the age of 2 to 3 years
stared at it with his dominant right eye every day for more
than 10 s at a time, as if it were a toy, at a distance of 30 cm.
Although he had a congenital hearing loss and mental retar-
dation, his visual functions developed normally up to the
time of the injury. When he was 7 years old, his visual acuity
was 1.0 OU, after correction of bilateral astigmatism, —4.0
diopters.

When he was 11 years old, his best-corrected visual
acuity (BCVA) was 0.2 OD and 1.0 OS. No abnormalities
were found in the anterior segment of either eye. Ophthal-
moscopy identified a yellow exudate-like lesion or fibrous
tissue surrounded by subretinal hemorrhage in the right
macula (Fig. 1A). The left eye was completely normal. Two
years later when he was 13 years of age, the fundus showed
a yellow fibrous lesion in the right macula (Fig. 1B) that

Jpn J Ophthalmol
Vol 54: 622-637, 2010

demonstrated leakage on fluorescein angiography (Fig. 1C,
D). A STRATUS optical coherence tomography image
showed a highly reflective mass that extended from the
outer retinal layer through the retinal pigment epithelium
and Bruch’s membrane into the choroidal tissue of the right
macula (Fig. 1E). The left eye was normal. Investigations
for ocular infectious diseases did not reveal any
disease.

We elected to follow the patient with careful observation
and not to perform invasive therapy because of his age
and mental condition. He is now 14 years old, and his
BCVA and the appearance of the fibrous tissue are
unchanged.

Comment

By the results of the ophthalmological examinations and the
history of events, we diagnosed the patient as having laser
pointer-induced macular injury. An accurate diagnosis of
laser pointer-induced macular injury did not come easily,
because it was difficult to interpret the complaints of the

Figure 1A-E. Fundus images of
the current case. A When the
patient was 11 years old, the
fundus of his right eye showed a
yellow lesion resembling exu-
dates or fibrous tissue surrounded
by subretinal hemorrhage in the
macula. B When he was 13 years
old, the fundus showed a yellow
lesion resembling fibrous tissue.
C, D Fluorescein angiography
showed leakage with fibrous
tissue remaining in the right
macula (C early phase; D late
phase). E Optical coherence
tomography demonstrated a
highly reflective mass extending
not only to the outer retinal layer
and retinal pigment epithelium
but also to the Bruch’s membrane
and choroidal tissue.



LETTERS

patient, and the time of the injury and initial examination
were prolonged.

There is a correlation between the energy of a laser and
the degree of chorioretinal damage it can cause. The output
power of handheld laser pointers is commonly from 1 to
5 mW. Mild thermal retinal injuries might be caused by a
5-mW laser, if it is stared at for more than 10 to 20 s;' this
suggests that the chorioretinal damage in our patient, which
probably induced the CNV, was caused by the frequent and
repeated exposure to the low-energy laser beam.

The prognosis of this patient is unclear, because the
interval between the first laser exposure and the develop-
ment of the CNV was long in comparison to previously
reported cases. The patient is being carefully followed for
the possible reactivation of the CNV.

Keywords:
injury

choroidal neovascularization, laser pointer, macular
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Spontaneous Closure of a Stage 2
Macular Hole Without Detachment of
the Posterior Hyaloid

Stage 2 macular holes occasionally close spontaneously
after hyaloid membranes with pseudo-opercula become
separated from the surface of the retina. However, we
observed spontaneous closure of a stage 2 macular hole
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without release of the vitreofoveal traction. This case was
documented by means of optical coherence tomography
(OCT).

Case Report

A 52-year-old man complained of metamorphopsia in his
left eye. He was referred to a nearby clinic, and a macular
hole in the left eye was diagnosed. He did not report any
trauma. About 2 weeks later, he came to our clinic at Akita
University Hospital. His best-corrected visual acuity was
20/16 in the right eye and 20/160 in the left. Slit-lamp exami-
nation showed no remarkable findings. Biomicroscopic
examination did not reveal posterior vitreous detachment
(PVD). OCT (Zeiss OCT3; Zeiss-Humphrey Systems,
Dublin, CA, USA) showed the presence of a stage 2 macular
hole with perifoveal cyst formation (Fig. 1A). The hole
measured 336 pm in diameter and was partially covered
with a retinal flap. A posterior hyaloid was present and
adhered to the edge of the hole (Fig. 1B). Around the
macular hole, there was a shallow PVD. He did not have
any other ocular diseases such as diabetic retinopathy,
retinal vein occlusion, macular telangiectasia, or uveitis.

Four months later, the patient’s best-corrected visual
acuity had improved to 20/30. OCT seemed to show the
presence of an outer retinal bridge over the macular hole
(Fig. 1C, D), indicating a spontaneous macular hole closure
in process. The perifoveal cysts were no longer apparent.
However, the patient still felt metamorphopsia in his left
eye, and the posterior hyaloid remained adhered to the
retinal flap (Fig. 1E). To release this adhesion and close the
hole completely, we performed a pars plana vitrectomy.
During the operation, we used triamcinolone acetonide to
visualize the vitreous and observed the hyaloid attachment
to the macular hole. We did not peel the internal limiting
membrane because the macular hole was already bridged
and we thought that releasing the attachment was sufficient
to close the hole completely. At the end of the operation,
air tamponade was used.

Seven days after the surgery, OCT showed the presence
of a thick bridge and a well-defined retinal hyporeflective
space interrupting the inner high-reflective layer (Fig. 2A).
Seven months after surgery, the patient’s best-corrected
visual acuity remained at 20/30. The hyporeflective
space had become quite small. Two and a half years after
surgery, his best-corrected visual acuity was 20/20. OCT
(Spectralis HRA+OCT; Heidelberg Engineering, Heidel-
berg, Germany) showed that the hyporeflective space no
longer existed and the foveal morphology had progressed
to almost normal (Fig. 2B).

Comments
As the use of OCT has become more common, many cases

of spontaneous closure of macular holes have been
reported.™ Four explanations have been proposed for the



Jpn J Ophthalmol 2010;54:589-593

© Japanese Ophthalmological Society 2010

DOI 10.1007/s10384-010-0868-z
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Development of Anisometropia in Patients After
Surgery for Esotropia
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Abstract

Purpose: Anisometropia is reported to increase with age; however, the relationship between the develop-
ment of anisometropia and binocular vision has not been determined. The purpose of this study was to
determine the relationship between anisometropia and binocular vision after esotropia (ET) surgery.

Methods: The medical records of 51 consecutive patients with ET who had undergone ET surgery were
studied. Patients with amblyopia or anisometropia 22 diopters (D) before surgery were excluded. The
average age of the patients at the time of surgery was 4.5 £ 3.7 years, and the average postoperative
period was 5.0 £ 2.2 years. The refractive errors (spherical equivalent) in both eyes were measured pre-
operatively and postoperatively. Binocular visual function was evaluated with a modified Worth-4 dot
test.

Results: At the final visit, average anisometropia was 0.98 £ 1.30 D, which was significantly greater than
the preoperative value of 0.36 £ 0.46 D (P < 0.001). Anisometropia >2 D was observed in ten patients
(23%) postoperatively. One patient was able to fuse a target of <2° (10%) in the anisometropia >2 D
group, significantly fewer than the 13 patients (32%) in the anisometropia <2.0 D group (P = 0.02).

Conclusions: Anisometropia may develop in patients with poor sensory fusion after surgery for esotro-
pia. Jpn J Ophthalmol 2010;54:589-593 © Japanese Ophthalmological Society 2010

Keywords: anisometropia, esotropia, sensory fusion, strabismus surgery

Introduction

Anisometropia is a condition in which the two eyes have
different refractive power. The prevalence of anisometropia
is higher in adults than in school-age children." Shih et al.*
reported that the prevalence of anisometropia >2.0 diopters
(D) is about 3% in Taiwanese school children and that the
degree of anisometropia increases with age. In eyes with
anisometropic myopia, Cheng et al.' reported that the domi-
nant eye is the more myopic eye.
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Correspondence and reprint requests to: Takashi Fujikado, Depart-
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The relationship between the development of anisome-
tropia and the presence of binocular visual fusion has not
been well investigated, and most studies have been cross-
sectional. In a longitudinal study of five school-age patients
with myopia and constant exotropia (XT), we found that
the myopic anisometropia increased with age.” We hypoth-
esized that a lack of binocularity may play a role in the
development of myopic anisometropia.

We retrospectively examined the postoperative change
in the refractive errors of patients with esotropia (ET)
before and after strabismus surgery and investigated
whether binocularity affected the development of anisome-
tropia. We selected ET patients because their binocular
visual function is usually not good.” In addition, the angle
of strabismus usually fluctuates after ET surgery,’ which
allows longer follow-up periods.
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Participants and Methods

Participants

The medical charts of 51 consecutive patients with ET who
were examined at the Osaka University Hospital between
1991 and 2005 and had undergone strabismus surgery were
studied. Patients with amblyopia or any other ocular pathol-
ogy such as glaucoma were excluded. Patients with a differ-
ence in refractive error (spherical equivalent) >2 D between
the two eyes before the surgery were also excluded.

The study protocol was conducted according to the
tenets of the Declaration of Helsinki of the World Medical
Association, and informed consent was obtained from the
participants after the nature and possible consequences of
the study had been explained to them.

The average age of the patients at the time of surgery
was 4.5 = 3.7 years (range, 1-19 years). The postoperative
follow-up period was >3 years, with an average duration of
5.0 £ 2.2 years.

Clinical Measurements

The refractive error was determined by subjective refrac-
tions in patients >4 years of age by certified orthoptists at
the Osaka University Hospital. For patients <4 years of age
or those who could not cooperate in the subjective refrac-
tion, refraction was determined by retinoscopy under atro-
pine-induced cycloplegia by one of the authors (TF). The
degree of anisometropia was determined as the difference
in the spherical equivalent of the refractive error between
the two eyes.

The objective angle (OA) of strabismus was measured
using the alternate prism cover test for distance (5 m) and
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near (30 cm) fixation. The dominant eye for distance and
for near fixation was determined as the fixating eye during
the prism cover test. Patients whose OA was >8 prism diop-
ters (PD) were classified as esotropic; those with -8 PD <
OA < 8 PD as orthotropic (OT); and those with OA <
-8 PD as exotropic (XT).

Sensory fusion was determined by the 4-dot test using a
parallax barrier system,8 which is similar to the Worth 4-dot
test but can quantitatively determine the minimum angle of
sensory fusion without corrective glasses.

Statistical Analyses

Data were presented as means * standard deviation, and
they were statistically analyzed with SigmaStat version 3.11
software (Systat Software, Chicago, IL, USA). Comparisons
among the different groups were made by one-way analysis
of variance, and comparisons between two groups by 7 tests.
The association between anisometropia and sensory fusion
was assessed by the Fisher exact test. A P value < 0.05 was
accepted as statistically significant.

Results

The preoperative (baseline) refractive errors ranged from
-3.0 D to +6.0 D, with an average of 1.17 D £ 1.56 D, in the
right eye, and from -3.5 D to +5.5 D, with an average of
1.18 D + 1.63 D, in the left eye. The average difference
between the two eyes was 0.36 D + 0.46 D. The amount of
anisometropia at the last visit was 0.98 £+ 1.20 D, which was
significantly higher than that at the first visit (P < 0.05; Fig.
1).The time in which anisometropia developed after surgery
varied among the patients (Fig. 2).

Figure 1A, B. Increase in aniso-
metropia after surgery for esotro-
pia. A Degree of anisometropia
at final visit (£J) was significantly
higher than that before surgery

0-05 0510 1015 1520 20-
Post

Pre

Anisometropia (D)

(E&)). The T bars indicate the
standard deviation. *P < 0.01.
B Distribution of the degree
of anisometropia before surgery
() and at the final visit ({J).
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The eye position at the final visit was ET in 15 patients,
OT in 16 patients, and XT in 20 patients. Two of 15 (13%)
patients in the ET group, three of 16 (20%) in the OT group,
and five of 20 (25%) in the XT group were classified as
anisometropic (22 D) at the final visit. The differences in
the distribution of anisometropia among the three groups
were not significant (Fig. 3A). The age at which the aniso-
metropia exceeded 2 D was =7 years in all ten patients (Fig.
3B).

The dominant eye for near fixation was the more myopic
eye in the ten postoperative anisometropic patients (100%),
and the dominant eye for distance was the less myopic eye
in three patients (30%). These three patients fixated far
objects with the less myopic eye and near objects with the
more myopic eye.

Anisometropia (D)

Years after surgery

Figure 2. Time course of increases in anisometropia in patients who
developed anisometropia (22 D) after strabismus surgery.
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The minimum angle of sensory fusion was compared
between the patients with anisometropia 22 D and those
with anisometropia <2 D. The number of patients with
sensory fusion within 2° of the fovea in the anisometropia
>2 D group was significantly smaller than that in the aniso-
metropia <2 D group (P = 0.02; Fig. 4).

Case Report

We describe a typical case in which anisometropia increased
after the development of consecutive exotropia. A 16-year-
old boy with 30 PD of ET underwent surgery at the age of
4 years. After the surgery, his eyes were exophoric, and the
angle of phoria varied between —12 PD and -18 PD until
he reached 7 years of age. During this period, he was able
to attain 6° to 10° of sensory fusion on the 4-dot test, and
the anisometropia was <0.25 D. His left eye was dominant
for both distance and near fixation.

From when the patient was 8 years old, the angle of
strabismus increased and eye alignment became constant
XT. He fixated far objects with his emmetropic right eye and
near objects with his myopic left eye. Sensory fusion was
not detected. The anisometropia was 1 D when the patient
was 8 years old and 3.75 D when he was 13 years old. The
anisometropia increased almost linearly with increasing age.
The patient’s compliance in wearing glasses during this
period was poor.

When the patient was 13 years old, a second surgery for
the XT was performed; the angle of strabismus was reduced
from -40 to -20 PD, and the patient regained 10° of sensory
fusion by wearing disposable soft contact lenses. However,
the degree of anisometropia continued to increase after the
second surgery (Fig. 5).

A Figure 3A, B. Incidence (A) and
onset age (B) of anisometropia.
i A The number of patients who
developed anisometropia ()
& was not different among the eso-
tropia (ET), orthotropia (OT),
and exotropia (XT) groups. The
[J show the number of patients
who did not develop anisometro-

pia 22 D. B Age of onset of aniso-
metropia (22 D) in the ET, OT,
and XT groups; anisometropia
developed after the patients
reached the age of 7 years.

oT XT
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Figure 4. Distribution of the
degree of sensory fusion by the
4-dot test in the anisometropia
(22 D) (A) and the nonanisome-
tropia (<2 D) groups (B). [, OT;
0, XT;, ET.
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Figure 5A, B. Representative
case of anisometropia that devel-
oped after strabismus surgery. A
Change in the angle of strabis-
mus. B Change in refraction
(spherical equivalent) in the right
() and left () eyes. The arrow-
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Discussion

Our longitudinal study showed that the average degree of
anisometropia increased significantly with age in the patients
after strabismus surgery (Fig. 1). These findings are consis-
tent with the results of cross-sectional studies indicating that
the prevalence of anisometropia increases with age.'™ Only
a few reports exist regarding the age at which anisometropia
develops in the normal population. In Taiwan, a cross-
sectional study of schoolchildren (n = 10878) showed that
the average degree of anisometropia increases almost lin-
early with age from 0.2 D at 7 years to 0.6 D at 16 years.’
In our five patients with constant exotropia,5 the devel-
opment of significant myopic anisometropia was observed
when they were between 6 and 12 years of age. In this study

-

heads indicate the timing of
strabismus  surgery, and the
double-headed arrows indicate
periods in which sensory fusion
was observed.

78 9101121314151

Ao

Age (years)

of ET patients, anisometropia (>2D) developed after the
patients were 7 years of age in all cases (Fig. 3), suggesting
that anisometropia may develop in school-age children, at
least in those with strabismus.

The development of anisometropia was not dependent
on the type of postoperative tropia, but central fusion was
poor in patients with anisometropia (Fig. 4), suggesting that
good sensory fusion may prevent the development of
anisometropia.

In the ten patients with postoperative anisometropia
(22 D), the dominant eye for near viewing was the more
myopic eye, while the dominant eye for distance was the
less myopic eye in three patients (30%). Hendricks et al.®
reported that the dominant eye was the more myopic eye
in participants in their study with anisometropia >1.75 D.
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The discrepancy between their findings and ours may be
explained by the fact that patients with strabismus with
poor sensory fusion tend to suppress the input of the non-
fixating eye and can change the dominant eye between dis-
tance and near fixation. The patient reported here is a good
example of this; he fixated distant objects with his emme-
tropic eye and near objects with his more myopic eye, begin-
ning at age 8, when sensory fusion was interrupted and the
angle of strabismus increased.

We did not examine the mechanism of the increase in
myopia in the more myopic eye, but we suggest the blur
theory’ as a possible explanation. The boy was unwilling to
wear spectacles because he was comfortable with monovi-
sion."” In this situation, the retinal image of the more myopic
left eye was always blurred when he fixated on far objects
with his emmetropic right eye. Although the retinal image
was focused in the right eye when he fixated on near objects,
this young boy may have spent less time overall viewing
near objects than far objects.

The blurred retinal image of the nondominant eye for
distance would make sensory fusion more difficult," which
would in turn make proper eye alignment more difficult.
Therefore, we recommend that parents of children with
anisometropia and strabismus be instructed that their chil-
dren should wear corrective glasses whenever possible.
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Abstract

Purpose: To compare retinal reflectance changes (RCs) elicited by transcorneal electrical stimulation
(TES) to those elicited by electrical stimulation of the optic chiasma (OX).

Methods: Two eyes of two cats were studied under general anesthesia. Biphasic electrical pulses at 20 Hz
were applied for 5 ms in TES, and monophasic pulses were applied for 50 ps at 100 Hz in OX stimula-
tion. Fundus images observed with near-infrared light (800-880 nm) were recorded every 25 ms for 26 s,
beginning 2 s before and ending 20 s after the electrical stimulation. To improve the signal-to-noise ratio,
the images of ten consecutive recordings were averaged. Two-dimensional topographic maps of the RCs
were constructed by subtracting images before the stimulation from those after the stimulation. The
electrically evoked potentials (EEPs) were recorded at the OX. The effect of an intravitreal injection of
tetrodotoxin (TTX) on the RCs elicited by electrical stimulation was also determined.

Results: After electrical stimulation, RCs were observed at the optic disc, retinal arteries, and retinal
veins. The two-dimensional maps of the RCs elicited by both TES and OX stimulation were similar. The
latency of the RCs ranged from 2.0 to 4.0 s, and the peak occurred 6 to 9 s after the onset of the ES. The
intensity of the RCs was correlated with the amplitude of EEP elicited by TES stimulation. The RCs
disappeared after the TTX injection in both TES and OX stimulation.

Conclusions: TES activates principally the retinal ganglion cells, and a change in the blood flow is initi-

ated thereafter. Jpn J Ophthalmol 2011;55:ME-HM © Japanese Ophthalmological Society 2011

Keywords: intrinsic signal, optical imaging, reflectance change, retina, transcorneal electrical

stimulation

Introduction

Transcorneal electrical stimulation (TES) can elicit electri-
cal phosphenes and visual cortical potentials. These
responses can be used to evaluate the function of the inner
retina in diseased eyes in which photoreceptors are
damaged, such as in retinitis pigmentosa.'” The evaluation
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is important because it provides information as to whether
a patient is a suitable candidate for a retinal prosthesis.*”

TES can be used to evaluate the function of the residual
retinal ganglion cells (RGCs).® Transscleral electrical stimu-
lation and transcutaneous electrical stimulation have both
been used to determine whether the residual RGCs are
functional.”*

TES also has a neuroprotective effect on RGCs.” Immu-
nohistochemical data suggest that TES induces secretion of
insulin-like growth factor 1 (IGF-1) from Mueller cells, and
that IGF-1 is involved in neuroprotection.” TES may activate
the functional connections of the axons of RGCs."” However,
which retinal cells are activated by TES is still unclear.



