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It has been demonstrated that VC protects the rat lens from
oxidative damage induced by UVR type B (UVR-B) (Reddy and Bhat,
1999; Reddy et al.,, 1998) or hydrogen peroxide (Shang et al., 2003)
invitro. A few published studies have confirmed the efficacy of VC in
preventing cataracts in vivo (Malik et al., 1995). Although a UVR-B
exposure experimental system has been established using a repre-
sentative animal model of cataracts, the effect of VC in preventing
cataracts in this model has been demonstrated in only one report,
describing a study of guinea pigs in which cataracts progressed when
the animals were fed a low VC diet (Malik et al., 1995). But the cataract
seen in that experiment was atypical because the lens opacity was
located in the vicinity of the posterior capsule, unlike the anterior
sub-capsular opacity often seen following exposure of mice (Jose,
1986; Meyer et al., 2005), rats (Wu et al., 1997), and guinea pigs
(Mody et al., 2008) to UVR-B.

It has been shown that SMP30 decrease in amount in kidney and
liver with aging, a decrease that is androgen-independent (Fujita
et al, 1992). To clarify the physiological role of SMP30 in age-
associated organ disorders, we used gene targeting to establish the
SMP30 knockout (KO) mouse model from C57/BL6 mice (Ishigami
et al., 2002). We recently reported that SMP30 KO mice have no
gluconolactonase (GNL) activity (Kondo et al., 2006). Since GNL is
a key enzyme in the VC biosynthetic pathway of mammals, mice
deprived of GNL (SMP30 KO mice) lack the ability to synthesize VC
(Ishigami and Maruyama, 2007).

We investigated whether the decreased VC in this mouse model
increases the ratio of lens opacity induction by in vivo exposure to
UVR-B.

2. Materials and methods
2.1. Animals

SMP30 KO mice were established and maintained as described
previously. SMP30 KO mice were fed commercial chow (CRF-1;
Oriental Kobo, Tokyo, Japan) and had free access to water containing
1.5g/LVCin 10 pM EDTA until they were weaned at the age of 30 days.
After weaning, the mice were fed VC-deficient chow (CL-2; CLEA
Japan, Tokyo, Japan) and divided into 2 groups: VC sufficient (VC (+))
and VC deficient (VC (-)). The VC (+) group had free access to water
containing 1.5 g/LVC in 10 uM EDTA, the VC (—) group free access to
water containing 0.0375 g/LVCin 10 uM EDTA. Wild-type (WT) mice
were fed commercial chow containing 12 mg/100 g VC (CRF-1;
Oriental Kobo. Tokyo, Japan) and had free access to plain water
without VC. The animals were maintained on a 12:12-h light—dark
cycle in a controlled environment throughout the experiments. All
animals were treated according to the Association for Research in
Vision and Ophthalmology (ARVO) Statement for the Use of Animals
in Ophthalmic and Vision Research.

2.2. Determination of total VC levels in lenses

After the mouse sacrificed, the eyes were enucleated and the
lenses were extracted microsurgically. Lenses were homogenized in
5% metaphosphate/1 mM EDTA with a handy homogenizer
(Mojimojikun; Nippon Genetics, Tokyo, Japan). The supernatant was
obtained by centrifugation at 21,000 g for 15 min at 4 °C and imme-
diately frozen at —80 °C until use. Total VC levels were determined
using a high performance liquid chromatography (HPLC) electro-
chemical detection method as described previously (Sato et al., 2010).
Samples were analyzed by HPLC using an Atlantis dC18 5 pm column
(4.6—150 mm, Nihon Waters, Tokyo, Japan). The mobile phase was
50 mM phosphate buffer (pH 2.8), 0.2 g/L EDTA, and 2% methanol at
a flow rate of 1.3 mL/min, and electrical signals were recorded using
an electrochemical detector with a glassy carbon electrode at +0.6 V-

2.3. UVR-B exposure

UVR-B in the 302 nm wavelength region was generated with
a transilluminator (TFML-20; UVP, Upland California, USA). UVR-B
intensity was 200 mW/cm?, measured with a radiometer (UV-340;
CUSTOM, Tokyo, Japan) as irradiance in the corneal plane. The
transilluminator was covered with aluminum foil except for a 5 mm
hole. Each mouse was manually held (without anesthesia), such that
the right eye was irradiated through the hole. The left eye was not
irradiated and was used as control. Five minutes before UVR-B
exposure, 1% tropicamide and 0.1% atropine sulfate hydrate were
instilled in both eyes to induce mydriasis. Prior to exposure, all
animals were checked with a slit lamp to exclude pre-existing
cataracts. One eye of each mouse was exposed in vivo to UVR-B for
100 s twice a week for 3 weeks (total: 1200 mJ/cm?). Each animal
was kept for a latency period of 48 h from the last UVR-B exposure,
based on data showing cataract progression after in vivo exposure to
UVR-B, as described previously (Meyer et al., 2005).

2.4. Cataract morphology

Cataract development was observed with a slit-lamp microscope
(Kowa SL-15, Nagoya, Japan). Immediately after lens extraction from
the eyes, cataract morphology was documented by dark-field illu-
mination with a microscope photography system.

Digital images of the anterior capsules were captured, and areas of
cataract were measured using freely available National Institutes of
Health Image ] software. The ratio of the cataract area to the anterior
capsule area was calculated as the cataract area ratio (Fig. 2a—d).

2.5. Histology

Eyes were fixed in Superfix (Kurabo, Osaka, Japan) as described
previously (Yamamoto et al, 2008) and embedded in paraffin.
Paraffin sections (3 pm thick) were prepared and stained with
hematoxylin and eosin (HE).

2.6. Determination of lens protein contents

Radio immunoprecipitation assay buffer was added to isolated
lenses, followed by crushing with a homogenizer and centrifugation
at4 °C and 1000 rpm for 30 min. The supernatant was harvested as
a sample. Each 160 pL sample was combined with 40 uL of protein
assay fluid (Bio-Rad, California, USA). The mixture was agitated and
left standing at room temperature for 20 min. Then, absorbance at
595 nm was measured with a microplate reader.
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Fig. 1. Total vitamin C (VC) levels in lenses from SMP30 KO VC (—), SMP30 KO VC (+)

and WT mice at age 16 weeks. Values are expressed as the means + SD of 4 animals.

DHA = dehydroascorbic acid; AA = ascorbic acid.
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Fig. 2. Stereomicroscopic images of lens opacities were obtained 48 h after the last exposure to UVR-B. SMP30 KO VC (—) (A), SMP30 KO VC (+) (B), and WT (C). Unexposed lens of SMP30
KOVC(~)was clear (D). The cataract area was the range surrounded with a dotted line, and the anterior capsule area was the range surrounded with a solid line. (a, b, ¢, and d) As the actual
area ratio, a is 58.2%, b is 27.6%, c is 26.4%, and d is 0.0%. The cataract area ratios were 59.3% + 10.6% in the SMP30 KO VC (—) group, 32.2% -+ 11.7% in the SMP30 KO VC (+) group and
29.0% + 9.0% in the WT group. In the SMP30 KO VC (—) group the cataract area ratio was significantly higher than in the SMP30 KO VC (+) group and the WT group (P < 0.001) (e).

2.7. Statistical parameters

Data are expressed as means + SD. Statistical analyses were
performed using one-way ANOVA followed by the Tukey post hoc
test for multi-group comparisons. SPSS for Windows (version 11.0,
SPSS Inc., Chicago, IL, USA) was used for all statistical analyses.
P < 0.05 was considered statistically significant.

3. Results
3.1. Total VC levels in lenses

We measured VC content in the lenses of SMP30 KO mice to
confirm that eliminating VC from the diet led to VC deficiency and

that supplementation via ad libitum access to VC-containing water
resulted in essentially normal levels (Fig. 1). The total VC level for WT

mice was approximately 0.36 + 0.03 pmol/g lens tissue. The total VC
level in lenses from the SMP30 KO VC (—) group was significantly
reduced (0.14 & 0.01 umol/g lens tissue) at age 16 weeks (P < 0.001).
The SMP30 KO VC (+) group (0.34 + 0.004 umol/g lens tissue),
however, had VC levels similar to those of the WT group (P = 0.860).

3.2. Cataract morphology

48 h after the last exposure to UVR-B, lens opacity was observed
mainly at anterior sub-capsular with a slit-lamp microscope. Slit-
lamp examination revealed no lens opacity at 1 and 2 weeks. All
exposed lenses of SMP30 KO VC (—), SMP30 KO VC (+), and WT
mice developed lens opacity (Fig. 2A—C). The left (control) eye, not
exposed to UVR-B, was free of opacity in all mice (Fig. 2D). Opacity
of the UVR-B-exposed eye was more extensive in the SMP30 KO VC
(—) group than in the SMP30 KO VC (+) and WT groups, with the
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cataract area ratio being 59.3% + 10.6% in the SMP30 KO VC (-)
group, approximately double the ratios in the SMP30 KO VC (+)
group (32.2% + 11.7%) and the WT group (29.0% + 9.0%) (P < 0.001;
Fig. 2e).

3.3. Histology

HE staining findings were similar in the 3 groups. Anterior sub-
capsular cell proliferation, a sign of anterior sub-capsular cataract,
was accompanied by disturbed arrangement of surrounding lens
fibers (Fig. 3).

4. Discussion

We investigated cataract development 48 h after unilateral in vivo
exposure to UVR-B for 100 s twice a week for 3 weeks (total: 1200 mj/
cm?) in SMP30 KO, a vitamin C deficient mouse model, and age-
matched WT mice. In the SMP30 KO (—) group, exposure to UVR-B
resulted in cataract nearly twice as extensive as that seen in the
SMP30KO (+)and WT groups. These findings suggest that decrease of
VC increase the ratio of lens opacity induced by in vivo exposure to
UVR-B. The free radicals formed in the lens exposed to UVR-B are
scavenged primarily by glutathione and VC (Niki, 1991; Pirie, 1965).
SMP30 KO (—) mice, characterized by low lens VC levels, were more
susceptible to UVR-B damage, probably resulting in more extensive
lens opacity. The severity of lens opacity in SMP30 KO (+) mice was
similar to thatin WT mice. It seems that the VC administered to these
mice scavenged free radicals (formed in the lens following UVR-B
exposure) to a degree similar to the scavenging of free radicals by
endogenous VC in WT mice.

SMP30 KO mice develop scurvy-like symptoms and die at about
2 months after they are fed a VC-free diet and water. Keeping these
mice alive requires administration of the minimum amount of VC
needed for avoidance of manifestations of deficiency. For this
reason, as in previously reported experiments, mice fed the
minimum necessary amount of VC (0.0375 g/L, in aqueous solution)
served as the VC deficient group (Iwama et al., 2011; Kashio et al.,
2009). In view of a previous report demonstrating that adminis-
tration of an aqueous solution with a higher concentration of VC
(1.5 g/L) resulted in brain (Koike et al., 2010; Kondo et al., 2008; Sato
et al,, 2010), lung (Koike et al., 2010) and muscle (Sato et al., 2010)

KO Vvit.C 0.03

i T
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Fig. 3. Histological changes in the lenses of SMP30 KO VC (—) mice exposed to UVR-B.
Cell proliferation in the anterior sub-capsular area (arrow head) is accompanied by
disturbed arrangement of lens fibers in the surrounding region (*).

VC levels similar to those in WT mice under normal conditions,
mice given this VC-containing aqueous solution served as the VC
sufficient group. In mice given the 0.0375 g/L aqueous solution of
VC, the lens VC level decreased to approximately 1/3 of that in WT
mice. In mice given the 1.5 g/L aqueous solution of VC, the lens VC
level was similar to that in WT mice. Thus, the 2 VC doses used in
this study can be viewed as appropriate for achieving VC deficiency
and sufficiency, respectively, in the SMP30 KO mouse lens.

There is one report describing observation of the lenses of
VC-deficient guinea pigs exposed to UVB-R. In that experiment,
lens opacity increased (Malik et al., 1995), as in the present study.
However, the lens opacity seen in that experiment appeared to
reflect not only the influence of UVR-B exposure but also nutritional
disorders, for the following reasons: (1) the lens opacity was
located in the vicinity of the posterior capsule, unlike the anterior
sub-capsular opacity often seen following exposure of mice (Jose,
1986; Meyer et al.,, 2005), rats (Wu et al., 1997), and guinea pigs
(Mody et al,, 2008) to UVR-B; (2) the VC-deficient guinea pigs
showed weight loss and were evidently in poor general condition;
and (3) opacity was also seen in guinea pigs not exposed to UVR-B
(Malik et al., 1995). In the animal model used in our study, it is
unlikely that pathological conditions possibly causing nutritional
disorders were present and evaluation of the influence of VC defi-
ciency under conditions close to normal was apparently possible,
taking into account the following facts: (1) the animals showed no
evident external signs of health disorders at the time [14—17 weeks
of age] of the experiments (Kashio et al., 2009); (2) the lens opacity
was located in the anterior sub-capsular region, a finding similar to
those in previously reported animal studies of UVR-B exposure; and
(3) the eye not exposed to UVR-B was free of opacity.

Despite the development of lens opacity, there was no change in
lens protein levels in the present study (data not shown). UVR-B
with a wavelength close to 300 nm is known to attenuate on the
anterior plane of the lens, and lenses exposed to UVR-B show
changes largely confined to the sub-capsular area (Loéfgren and
Séderberg, 2001). In the present study, we analyzed the entire
lens in the form of a homogenate. With this method, we cannot rule
out the possibility that even if there had been changes in the
anterior sub-capsular region, such changes might have been
masked by proteins levels in the core and posterior cortex, which
are not reached by UVR-B. Also, any changes might have been
minimal and thus undetectable. VC is considered to play important
roles in the maintenance of homeostasis and transparency of the
lens through reducing and scavenging free radicals formed by
various factors (Chiu and Taylor, 2007; Lou, 2003; Pirie, 1965). In
the present study, administration of VC reduced the lens opacity
induced by UVR-B and thereby exerted a protective effect. A
possible mechanism underlying the activity of VC is that this
vitamin reduces and scavenges the free radicals formed in the lens
following exposure to UVR-B. However, since the present study did
not incorporate measurement of VC levels (dehydroascorbic acid,
ascorbic acid) after exposure to UVR-B, whether or not VC was
directly oxidized as a free radical scavenger remains unknown.

Excessive administration of VC can stimulate the progression of
cataracts (Cheng etal., 2001, 2006; Linetsky et al., 1999, 2008; Nagaraj
et al., 1999). This is considered to be attributable to denaturation of
cross-link-associated lens proteins caused by products of the oxida-
tive degradation of VC, which in turn leads to the induction of cata-
racts (Nagaraj et al., 1999). In the present study, SMP30 KO mice were
exposed to UVR-B in either a state of VC deficiency (1/3 of the VClevel
for WT mice) or a state similar to that in WT mice. To evaluate the
influences of an excessive VC dose on cataract development, further
study involving massive VC administration is needed.

We have shown that in SMP30 KO VC (—) group lens opacities
induced by UVR-B were more extensive than in SMP30 KO VC (+)
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group or in WT group, and in SMP30 KO VC (-) the lens VC level
decreased to 1/3 of that in SMP30 VC (+) group or in WT group.
These findings suggest that VC deficiency increases lens suscepti-
bility to in vivo UVR-B induced oxidative stress in the mouse.
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Risk Factors for Recurrent Fibrovascular Proliferation in
Aggressive Posterior Retinopathy of Prematurity After
Early Vitreous Surgery

TADASHI YOKOI, TAE YOKOI, YURI KOBAYASHI, SACHIKO NISHINA, AND NORIYUKI AZUMA

® PURPOSE: To analyze risk factors for postoperative
recurrence of fibrovascular tissue in eyes with aggressive
posterior retinopathy of prematurity (AP ROP) treated
with early vitreous surgery.

® DESIGN: Retrospective, consecutive, observational case
series.

® METHODS: Thirty-one patients (50 eyes) with AP ROP
who underwent early vitreous surgery between March
2005 and April 2008 participated. Eyes with stage 4A or
4B disease in which fibrovascular tissue was not attached to
the vitreous base were included; those in which fibrovas-
cular tissue was attached extensively to vitreous base or
those without dense photocoagulation to the nonvascular-
ized retina were excluded. Eligible eyes were divided into 2
groups based on postoperative recurrence or no recurrence
of fibrovascular tissue. Data on gender, gestational age,
birth weight, Apgar score, intubation duration, severe sys-
temic complications, preoperative ROP stage, zone, fibro-
vascular tissue and vitreous base adhesion, clock hours of
fibrovascular tissue, postmenstrual age at the initial appli-
cation of dense photocoagulation, dense photocoagulation
to both vascularized and nonvascularized retina, postmen-
strual age at vitrectomy, and intraoperative hemorrhage
were collected and analyzed.

® RESULTS: Fifty eyes of 31 patients underwent early vitrec-
tomy. Seven (14%) eyes were excluded and 43 eyes (86%)
were included. Eight (18%) of 43 eyes had a recurrence of
fibrovascular tissue. Both univariate and multivariate analysis
indicated application of dense photocoagulation to both the
vascularized and nonvascularized retina was a significant factor
in the decreased recurrence of fibrovascular tissue (P = .002
and P = .008, respectively).

® CONCLUSIONS: Application of preoperative dense pho-
tocoagulation to vascularized and nonvascularized retina
may be important for lowering the recurrence of fibrovas-
cular tissue in eyes with AP ROP. (Am J Ophthalmol
2010;150:10-15. © 2010 by Elsevier Inc. All rights

reserved.)
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GGRESSIVE POSTERIOR RETINOPATHY OF PREMATU-

rity (AP ROP) is characterized by posterior reti-

nopathy usually in zone I, substantial dilatation
and tortuosity of the vessels at the posterior pole, a flat
network of neovascularization on the retinal surface, cir-
cumferential fibrovascular tissue extending for 12 clock
hours, and rapid progression to stage 5 without the classic
course that includes stages 1 through 3. Previous random-
ized trials have reported that application of photocoagulation
to the nonvascularized retina prevents retinal detachment in
classic ROP, but that photocoagulation often cannot prevent
progression in eyes with AP ROP.?

Because the visual prognosis is poor after vitrectomy
performed when AP ROP progresses to stage 5,>* several
early surgical interventions have been tried to prevent
stage 5 retinal detachment. Scleral buckling that reduces
the traction between the fibrovascular tissue and the retina
is ineffective for AP ROP that is characterized by fibro-
vascular tissue nearly 360 degrees circumferentially in the
posterior retina.”~® Lens-sparing vitrectomy usually is suc-
cessful if performed for tractional retinal detachment in
eyes with classic ROP, but the surgery is unsuccessful for
AP ROP.? Although it is controversial whether lensec-
tomy is necessary during vitrectomy to treat retinal detach-
ment in eyes with AP ROP,'>!! wide-field vitrectomy with
lensectomy may be required to treat retinal detachment in
eyes with AP ROP, which always is characterized by high
disease activity despite the disadvantages of lens removal.

Eyes with AP ROP that have undergone early vitrec-
tomy often have a retinal reattachment;” however, among
these eyes, we recently identified eyes in which prolifera-
tion of fibrovascular tissue recurred after surgery. Because a
very low birth weight, young gestational age, or long-term
high oxygen therapy are risk factors for severe ROP,1214
we analyzed the correlation between recurrent fibrovascular
tissue proliferation after early vitrectomy and the associated
risk factors.

METHODS

THE MEDICAL RECORDS OF ALL EYES THAT UNDERWENT
early vitrectomy with lensectomy’ for stage 4 ROP associ-
ated with AP ROP were reviewed retrospectively at the
Department of Ophthalmology, National Center for Child

0002-9394/$36.00
doi:10.1016/}.aj0.2010.02.005



FIGURE 1. Fundus photographs of aggressive posterior retinopathy of prematurity in eyes of patients who underwent early vitreous
surgery and preoperative photocoagulation to both the vascularized and nonvascularized retina. (Top left and Bottom left) Fundus
photographs obtained before surgery showing densely applied photocoagulation in both the nonvascularized retina and the
vascularized retina 3 to 4 spots posterior to the junction. Fibrovascular tissue and a focal tractional retinal detachment are seen at
the junction. (Top right and Bottom right) Fundus photographs obtained 4 months after surgery showing that the retinopathy has
been treated successfully without recurrence of fibrovascular tissue.

FIGURE 2. Fundus photographs of aggressive posterior retinopathy of prematurity in the left eye of a patient who underwent early
vitreous surgery and preoperative photocoagulation to the nonvascularized retina. (Left) Fundus photograph obtained before surgery
showing that photocoagulation was applied to the nonvascularized retina. Reddish fibrovascular tissue and a tractional retinal
detachment are observed at the junction. (Right) Fundus photograph obtained 1 month after surgery showing recurrence of
fibrovascular tissue in the posterior vascularized retina with a traction retinal detachment.

Health and Development, Tokyo, Japan, from March 2005 | were included; eyes with fibrovascular tissue attached exten-
through April 2008. All eyes with AP ROP were diagnosed at | sively to the vitreous base or eyes without dense and early
the referring hospital or our institution based on the descrip- | application of photocoagulation even to the nonvascular-
tion published in 2005." Eyes with stage 4A or stage 4B ROP | ized retina were excluded, because those eyes usually have
in which fibrovascular tissue did not reach the vitreous base’ a stage 5 retinal detachment, and rigorous evaluation of
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TABLE Umvanate Analy3|s between Baselme Demographlcs and Recurrence in the Eyes with Aggressnve Posterior Retinopathy
: iy = -of Prematuresty after Early Vitreous Surgery

Recurrence after Early Vitreous Surgery

P Value
Total (n = 43) Yes (n = 8; 19%) No {n = 35; 81%) (2-Tailed)
Baseline characteristics
No. eyes/patients 43/29 8/6 35/25
Male, no (%) 13 (30.2) 5 (62.5) 8(22.9) .0422
Gestational age (wks), mean = SD 2511 £23 248 +20 26224 .703°
Birth weight (g) mean = SD 808.7 = 369.6 789.5 = 302.2 813.0 = 387.0 .873°
Apgar score at 5 min, median (range) 6(1to10) 6 (2 to 10) 5(1to 10) 311¢
Intubation duration (wks), mean + SD 57.0 = 40.6 60.9 = 49.2 56.1 £ 39.2 767"
Severe systemic complication, no. (%) 12 (27.9) 2 (25.0) 10 (28.6) >.997
Follow-up (mos), mean = SD 23.8 = 10.7 226 +7.8 241 =113 >.99°
ROP findings
Zone, no. (%) 4042
1 29 (67.4) 4 (50.0) 25(71.4)
2 14 (32.6) 4 (50.0) 10 (28.6)
Stage, no. (%) .067¢
4A 37 (86.0) 5 (62.5) 32 (91.4)
4B 6(14.0) 3 (37.5) 3(8.6)
Fibrovascular tissue and vitreous base adhesion, no. (%) 5(11.6) 3(37.5) 2(5.7) .037¢
Clock hours of fibrovascular tissue, median (range) 5(21t012) 9(2to12) 5(2t012) .344°
PMA (wks) at initial PHC, mean = SD 329=+1.8 32.1%0.8 33119 .180°
Interval between initial PHC and virectomy (wks), mean = SD 6.9 3.2 7.0x26 6.3 =33 .892°
PMA (wks) at vitrectomy, mean + SD 39.7 = 3.1 39.1+x29 39.2 £ 3.9 .536°
Intraoperative hemorrhage, no. (%) 13 (30.0) 3(37.5) 10 (28.6) >.992
PHC to both vascularized and nonvascularized retina, no. (%) 27 (62.8) 1(12.5) 26 (74.3) .0022

mos = months; PHC = photocoagutaﬁon PMA postmenstrual age; ROP = retinopathy of prematmlty SD = standard devna’uon wks = weeks.

#Fisher exact test
bt test.
“Mann-Whitney U test.

recurrence of fibrovascular tissue is almost impossible. The
follow-up period after vitrectomy exceeded 6 months in all
eyes in the analysis. All surgeries were performed by 1
surgeon (N.A.).

Data collected from each case record included gender,
gestational age, birth weight, the Apgar score at 5 minutes,
the duration of intubation, and the presence of severe
systemic complications (i.e., hydrocephalus, patent ductus
arteriosus, or necrotizing enterocolitis requiring surgery).
We included the duration of intubation as an indicator of
the degree of oxygen exposure. ROP findings included the
preoperative ROP stage, zone, fibrovascular tissue and
vitreous base adhesion, clock hours of fibrovascular tissue,
postmenstrual age at the initial application of photocoag-
ulation, photocoagulation to both vascularized and non-
vascularized retina (Figure 1) or only to nonvascularized
retina (Figure 2), postmenstrual age at vitrectomy, and
intraoperative hemorrhage. Although the area of photo-
coagulation generally is limited to the nonvascularized
reting, because the importance of photocoagulation to the
vascularized retina has been suggested in eyes with severe
ROP,'1¢ we included eyes treated with photocoagulation
applied to both the vascularized and nonvascularized

12 AMERICAN JOURNAL OF OPHTHALMOLOGY

retina. ROP findings were recorded by detailed retinal
drawings and RetCam (Massie Research Laboratories, Inc,
Pleasanton, California, USA). The eyes that fulfilled the
inclusion criteria were divided into 2 groups based on the
recurrence or absence of recurrence of fibrovascular tissue
after surgery. The factors listed previously were compared
between the 2 groups.

Statistical analyses were performed using statistical
software (StatLab, SPSS for Windows, version 16.0;
SPSS, Inc, Chicago, Illinois, USA). Univariate analyses
to determine the association between risk factors and
recurrence after early vitrectomy were performed using
the Mann-Whitney U test, the ¢ test, and the Fisher
exact test as appropriate. A multivariate logistic regres-
sion model was constructed with recurrence as the
dependent variable and with the factors that differed at
the significance level of P < .2 in univariate analyses,
including the gestational age, preoperative ROP stage,
fibrovascular tissue and vitreous base adhesion, the
postmenstrual age at the initial application of photoco-
agulation, and photocoagulation to both the vascular-
ized and nonvascularized retina as independent
variables. P < .01 was considered significant.
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RESULTS

A TOTAL OF 50 EYES OF 31 PATIENTS (19 GIRLS, 12 BOYS)
underwent early vitrectomy. Among them, 5 (10%) eyes
that had not received sufficient photocoagulation even to
the nonvascularized retina and 2 (4%) eyes that had
extensive fibrovascular tissue adhesion to the vitreous base
were excluded. Forty-three eyes (86%) of 29 patients were
included. Of the 29 patients, 19 were girls and 10 were
boys, with a mean gestational age of 25.2 = 2.3 weeks and
a mean follow-up of 23.8 * 10.7 months.

Eight (18.0%) of 43 eyes had a recurrence of fibro-
vascular tissue after surgery (Figure 2), and the others
did not have a recurrence and the retina reattached
(Figure 1). The recurrences, which began 2 to 8 weeks
after surgery and progressed gradually, were character-
ized by proliferation that developed mainly toward the
vascularized posterior retina probably via the residual
vitreous framework, where fibrous strands often formed
between the disc and the fibrovascular tissue with an
irregular tractional retinal detachment (Figure 2). Three
of the 8 eyes underwent a second vitrectomy 1 to 2
months after surgery because of severe recurrent fibro-
vascular tissue with a total retinal detachment. Because
recurrent fibrovascular tissue adhered strongly to the
retina where the tissue was not removed completely,
retinal reattachment was obtained in only 1 eye. Four of
8 eyes had a recurrence of fibrovascular tissue that was
less severe with a partial retinal attachment after pri-
mary surgery, and 1 eye had early progression to phthisis
bulbi, and a second vitrectomy was not performed.

The data and statistics are summarized in the Table.
There were more boys in the recurrence group than in
the nonrecurrence group, but the difference was not
significant (P = .042). There were no significant differ-
ences in the other baseline characteristics between the
2 groups. Before surgery, the incidences of both stage 4B
and fibrovascular tissue adhesion to the vitreous base
were slightly higher in the recurrence group, but these
did not reach significance (P = .067 and P = .037,
respectively). Photocoagulation was applied more often
to both vascularized and nonvascularized retina in the
group in which there was no recurrence of fibrovascular
tissue compared with the group in which there was
recurrence (74.3% vs 12.5%); the difference between
the two was significant (P = .002). There was no
difference in the ROP findings between the 2 groups.
Multivariate analyses using a stepwise logistic regression
model also showed that only photocoagulation to both
the vascularized and nonvascularized retina (odds ratio,
0.049; 95% confidence interval, 0.005 to 0.459; P =
.008) was associated with postoperative recurrence of
fibrovascular tissue, and the other factors were not
significantly associated with recurrence.

VoL. 150, NO. 1

DISCUSSION

THE RECURRENT FIBROVASCULAR TISSUE DEVELOPED
mainly toward the posterior retina in 8 eyes. The main
purpose of early vitrectomy to treat AP ROP is to remove
the vitreous framework through which fibrovascular tissue
aggressively and rapidly grows to reach the posterior lens
surface and the ciliary body or vitreous base, which has
condensed vitreous.” Thus, almost all vitreous gel, espe-
cially in the vitreous base and around the fibrovascular
tissue, needs to be resected during vitrectomy; however,
some vitreous gel remains on the surface of the posterior
retina because of tight adherence to the retina!’ that
prevents creation of a posterior vitreous detachment. In
addition, vitreous on the avascular retina that is anterior to
the fibrovascular tissue is liquefied partially by dense
photocoagulation,'® in contrast to vitreous on the vascu-
larized posterior retina. Consequently, recurrent fibrovas-
cular tissue can develop easily on the posterior retina via
the residual vitreous when the disease activity is not
controlled before surgery.

Three of 8 eyes with recurrent fibrovascular tissue
underwent a second vitrectomy. Because vitreous attach-
ment to the retina in neonates is very strong where the
dense collagen fibers of the vitreous are connected to the
retina,'’ tight adhesion develops between the recurring
fibrovascular tissue and the retina. Thus, once the tissue
forms, total removal of the tissue to release the traction is
almost impossible, and attention must be paid to develop-
ing prophylactic measures to prevent recurrence of the
fibrovascular tissue.

Although early vitreous surgery prevents progression of
retinal detachment and dramatically improves the visual
prognosis of AP ROP,” the current study showed that some
eyes had postoperative recurrence of fibrovascular tissue
and that photocoagulation applied to vascularized retina
may be the most important factor to minimize the inci-
dence of recurrence. In classic ROP, the retinal vasculature
is completed in the vascularized posterior retina,” where
photocoagulation to only nonvascularized retina is suffi-
cient.? In contrast, a wide-field area of hypoperfusion has
been detected in nonvascularized retina and in vascular-
ized retina in AP ROP.?° In these cases, application of
photocoagulation to only the nonvascularized retina is
insufficient, because angiogenic factor continues to be
released from the hypoperfusion retina?>*? that is already
vascularized, although angiogenic factor in the vitreous
cavity may be washed out transiently by vitrectomy.?

One report on eyes with AP ROP suggested the impor-
tance of additional application of photocoagulation to the
nonvascularized retina beneath regressing flat neovascular-
ization that is left untreated,** and several studies reported
the necessity of applying photocoagulation to already
vascularized retina posterior to the junction.’>'® OQur
previous study?® and the results of the current study
strongly suggested that dense photocoagulation to both the
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vascularized retina and nonvascularized retina in eyes with
AP ROP is essential for a good prognosis because it
prevents aggressive disease progression and inhibits post-
operative recurrence of fibrovascular proliferation. How-
ever, extensively applied photocoagulation not only to
nonvascularized retina but also to vascularized retina may
have several side effects, including reduced night vision,
insufficient dark adaptation, loss of peripheral vision, blind
spots, a risk of cystoid macular edema, and neovasculariza-
tion. However, preserving the posterior retina by extensive
preoperative photocoagulation and early vitreous surgery
may be more beneficial for visual prognosis in patients with
AP ROP.

Although an anti-vascular endothelial growth factor
drug that inhibits the process of neovascularization pre-
vents progression of the severe form of ROP,>>%7 the drug
also causes excessive scar formation in ROP.2%%® A trans-
forming growth factor beta antagonist and rho kinase
inhibitor are candidates for preventing vitreoretinal pro-
liferation.”® A preoperative or postoperative enzymatic

approach for vitreolysis may reduce recurrence by resolving
the residual vitreous gel that is difficult to detach from the
retina mechanically;>® however, the effects of such drugs
on ROP have not been studied, and the long-term systemic
effects on neonates are unknown. In addition, because the
activity of AP ROP is very high, their contribution to the
treatment of AP ROP may be minimal. Meanwhile,
photocoagulation to treat ROP is safe. Thus, preoperative
photocoagulation that includes the vascularized posterior
retina may be the most reasonable approach for obtaining
good visual prognosis in eyes with AP ROP.

The limitations of the current study are its retrospective
nature, the absence of a control group, and the nonstand-
ardized protocols for both photocoagulation and vitrec-
tomy in patients with AP ROP in some institutions.
Nevertheless, the total sample size of 50 eyes and the
follow-up periods ranging from 7 to 42 months seem
adequate for analyzing a correlation between recurrence
after early vitreous surgery and the associated risk factors.
A randomized controlled trial is warranted.
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Figure 2. Results of the direct sequencing of exon 12 in the TGFBI
gene. A heterozygous L527R mutation (CTG—CGQG) is detected.

with the L527R mutation is unique in terms of its late onset,
sporadic occurrence, and regional idiosyncrasy. It has been
reported that the L527R mutation is descended from a
founder mutation that occurred in a single Japanese ances-
tor.” Therefore, additional data are required to elucidate
the clinical and genetic manifestations of lattice corneal
dystrophy associated with the L527R mutation.
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Figure 1A, B. Slit-lamp photo-
graphs demonstrating the corneal
findings. A Several bifurcating,
thick lattice lines in the superfi-
cial stroma are noted in the right
eye. B Discrete and nodular opac-
ities are noted in the deep stroma
of the central cornea in the
patient’s left eye.
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Endogenous Candida Chorioretinitis in
a Healthy Infant

Endogenous Candida endophthalmitis is often observed in
patients with a history of recent major surgery, bacterial sepsis,
use of systemic antibiotics, placement of central venous cath-
eters, or a combination of these. Newborns, especially those
born prematurely,do not have a sufficiently developed immune
system against pathogens; however, they rarely develop endog-
enous fungal infections. Several infants with Candida chorio-
retinitis have been reported so far, all of whom had undergone
surgery or total parenteral alimentation, received antibiotics,
or were not full-term babies.' We report a case of a healthy
infant with endogenous Candida chorioretinitis who had no
risk factors for an opportunistic infection.

Case Report

A 41-week-gestation female infant (body weight, 2910 g) was
delivered by Caesarean section because of delayed labor. No
problems occurred during the developmental and perinatal
periods. At 6 months of age, she became transiently febrile
with temperatures above 38°C despite a lack of other sys-
temic symptoms and was hospitalized for administration of
transvenous antibiotics (piperacillin for 3 days and panipe-
nem/betamipron for 10 days). After 2 weeks, she became
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afebrile, and a prominent conjunctival injection developed
bilaterally. Slit-lamp biomicroscopy identified posterior syn-
echiae and nodules in the iris of the left eye. Ophthalmoscopy
identified multiple white lesions along the retinal vessels
bilaterally and an exudative total retinal detachment in the
left eye (Fig. 1). Fluorescein angiography (FA) showed anas-
tomosis of the vessels and an avascular area in the peripheral
retina of the right eye (Fig. 1). Whole-body computed tomog-
raphy and biochemical, immunological, and culture examina-
tions of blood and cerebrospinal fluid failed to detect any
abnormalities. Polymerase chain reaction (PCR) analysis
detected Candida DNA in the cerebrospinal fluid (2.4 x 10
copies/ml) and vitreous (9.4 x 10* copies/ml) obtained by
needle aspiration. Immunological and culture examinations

Jpn J Ophthalmol
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of blood and vaginal secretion from the mother failed to
identify any signs of Candida infection. After administration
of fluconazole (intravenous injection of 100 mg for 3 weeks,
then 50 mg orally for 3 months), the retina of the left eye
reattached and the volume of white lesions decreased, result-
ing in residual retinal scars (Fig. 2).

Comment

Endogenous Candida endophthalmitis is commonly seen
in compromised hosts. Only two adult cases of Candida
endophthalmitis without severe systemic discase have been
reported, one in a patient with a common cold and the other

Figure 1A-F. Chorioretinitis before
treatment. Photographs of the
anterior segment (A, B) and
fundus (C, D); fluorescein angio-
gram (E); and ultrasonogram (F).
A, C,E Right eye; B, D, F left eye.
A A slight posterior synechia of
the iris margin (arrow) was
observed. B An entire posterior
synechia and nodules of the iris
(arrowheads). C Multiple white
lesions were seen along the
retinal vessels. D Exudative
retinal detachment and multiple
white lesions were observed
along the retinal vessels. E An
avascular area in the peripheral
retina (arrowheads) and anasto-
mosis of vessels and leakage from
retinal veins were observed,
despite no staining of the white
lesions. F Retinal detachment
(arrowheads) was detected by
ultrasonography.



LETTERS

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.
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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 impainnent.5 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
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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.
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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: choroidal neovascularization, laser pointer, macular
injury
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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 um 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



