TABLE 1. Incidences of Acute-Onset Endophthalmitis in Studies Comparing Transconjunctival Microincision Vitrectomy Surgery
with Conventional 20-Gauge Vitrectomy

Transconjunctival MIVS

20-Gauge Vitrectomy

Study Centers Study Period (yrs) No. (%) No. (%) Risk Difference (95% Cl)
Kunimoto and Kaiser,'* 2007 1 2004 through 2006  7/3103° 0.226 1/5498 0.018 0.0021 (0.0004 to 0.0038)
Scott and associates,'® 2008 7 2005 through 2006 11/1307¢ 0.842 2/6375 0.031 0.0081 (0.0031 to 0.0131)
Simada and associates,'” 2008 1 2000 through 2007 1/33437° 0.030 1/3592 0.028 0.0000 (—0.0008 to 0.0008)
Chen and associates,'® 2009 1 2002 through 2006  1/4312 0.232 1/3046 0.033 0.0020 (—0.0026 to 0.0066)
Hu and associates,'® 2009 1 2002 through 2006  1/1424° 0.070 0/1948 0 0.0007 (—0.0007 to 0.0021)
Parolini and associates,?° 2009 1 2003 through 2008  0/943° 0 1/3078  0.032  —0.0003 (—0.0010 to 0.0003)
Current study 27 2004 through 2008  8/14 838° 0.054 10/29030 0.034 0.0002 (—0.0002 to 0.0006)
Pooled estimates 0.080¢ 0.030¢ 0.0005 (—0.0002 to 0.0012)

Test for homogeneity
Test for difference in incidence

chi-square = 18.21, df = 6, P = .0057

Z =159, P = .207

Cl = confidence interval; df = degrees of freedom; MIVS = microincision vitrectomy surgery; yrs = years.

a25-gauge system only.
P23-gauge system only.

°Two (0.030%) of 6660 eyes with the 23-gauge system; 6 (0.073%) of 8238 eyes with the 25-gauge system.
“Weighted incidence of postvitrectomy endophthalmitis was derived from the pooled data of 7 studies.

vitrectomy surgery were retrieved systematically from
MEDLINE, Embase, and the Cochrane Library through
November 2009 using the search terms endophthalmitis,
incidences or rates, vitrectomy, 23-gauge, and 25-gauge. A
manual search also was performed by checking the refer-
ence lists of all retrieved trials to identify studies not
included in the computerized databases. Only the clinical
studies that directly compared the postvitrectomy endoph-
thalmitis rates between microincision vitrectomy surgery
(23- or 25-gauge) and conventional 20-gauge vitrectomy
were included. To avoid acknowledged and converted data
duplication from the same group of patients, only the most
recent series or largest study group was included for
subsequent analysis.

® STATISTICAL ANALYSIS: For the data derived from the
current survey, the incidence of acute-onset endoph-
thalmitis associated with microincision vitrectomy surgery
and conventional 20-gauge vitrectomy were compared
using the chi-square test, and confidence intervals (Cls)
were calculated by the percentage of binomial distribution.
Other proportions also were compared using the Fisher
exact test. The VA was measured using the Landolt C
acuity chart and was analyzed on a logarithm of the
minimal angle of resolution (logMAR) scale. Counting
fingers vision was defined as 0.01 (2.0 logMAR), hand
movements vision was defined as 0.005 (2.3 logMAR),
light perception vision was defined as only 0.002 (2.7
logMAR), and no light perception vision was defined as
0.001 (3.0 logMAR).?®% Visual improvement was defined
as an increase of at least 0.3 logMAR unit. Where
appropriate, the Student t test and the Wilcoxon rank-sum
test were used to compare the differences between groups.
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After study selection and data extraction, dichotomous
data from each study eligible for meta-analysis were sum-
marized as risk differences. Considering the heterogeneity
among studies, we analyzed the homogeneity statistics and
then combined data using a random effects model by
restricted the maximum likelihood method to achieve
more conservative estimates.”' The risk differences are
presented with 95% Cls.

All primary analyses were performed using either JMP
software version 8.0 for windows (SAS Institute, Inc, Cary,
North Carolina, USA) or the meta-analyses were carried
out with a commercially available software programmed by
Kenichi Masui (Shinko Trading Co Ltd, Publication
Department, Tokyo, Japan) with Excel. P < .05 was
considered statistically significant.

RESULTS

® INCIDENCE OF POSTVITRECTOMY ENDOPHTHALMI-
TIS IN THE CURRENT SURVEY: A total of 43 868 vitrec-
tomies met the inclusion criteria during the study period:
29 030 cases treated with conventional 20-gauge vitrec-
tomy, 8238 cases treated with the 25-gauge system, and
6600 cases treated with the 23-gauge system. Of these,
acute-onset postvitrectomy endophthalmitis developed in
18 eyes (0.041%; 95% CI, 0.022% to 0.060%); the
incidence of acute infectious endophthalmitis was 0.034%
(10 cases per 29 030 eyes; 95% CI, 0.013% to 0.056%) for
conventional 20-gauge PPV compared with 0.054% (8
cases per 14 838 eyes; 95% CI, 0.017% to 0.091%) for
microincision vitrectomy surgery. The difference between
the procedures was not significant (P = .603). Of the
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TABLE 2. Preoperative Characteristics and Surgical Details of Patients with Acute-Onset Postvitrectomy Endophthalmitis

Gauge No. of Surgical

Case Age Preoperative ~ Preoperative  Lens for Sutured Vitreous Time Postoperative  Systemic Medical

No. (yrs) Gender Eye Diagnosis VA Status  Surgery Vitrectomy? Sclerotomies Tamponade  (min) Hypotony? Factors
169 M R VH, PDR 0.05 Phakic 20 Extensive 3 Fluid 72 No Diabetes mellitus,

renal dialysis
2 64 M L RRD 1.0 Phakic 20 Extensive 3 Silicone oil 95 No
3 78 F L ERM 0.6 Phakic 20 Core 3 Fluid 45 No
4 53 M L VH, PDR 04 Phakic 20 Extensive 3 Silicone oil 60 No Diabetes mellitus
5 63 M R VH, PDR 0.1 I0L 20 Extensive 3 Fluid 90 No Diabetes mellitus
6 59 F R TRD, PDR 05 Phakic 20 Extensive 3 Fluid 110 No Diabetes mellitus
7 63 F R VH, PDR 0.1 Phakic 20 Extensive 3 Fluid 105 No Diabetes mellitus,
hypertension

8 M M L TRD, PDR 0.06 Phakic 20 Extensive 3 Fluid 150 No Diabetes mellitus
9 62 F L VH, BRVO 0.1 I0L 20 Extensive 3 Fluid 85 No

10 57 M L Dislocated lens 0.03  Aphakic 20 Core 3 Fluid 110 No

fragment

11 70 M L SRH, AMD 0.1 0L 25 Core 0 Fluid 30 Yes

12 62 M R TRD, BRVO 0.2 Phakic 25 Extensive 3 Fluid 100 No

183 66 M R ME, BRVO 0.2 Phakic 25 Core 0 Fluid 30 No

14 60 M L ME, BRVO 0.3 Phakic 25 Extensive 0 Fluid 60 No

15 59 F R DME 04 10L 25 Core 0 Fluid 40 No Diabetes mellitus
16 60 F L ERM 0.5 Phakic 25 Core 0 Fluid 25 No

17 64 F R RRD 1.0 Phakic 23 Extensive 0 SFg 85 No

18 65 F L VH, PDR HM I0L 23 Extensive 0 Fluid 40 No Diabetes mellitus

AMD = age-related macular degeneration; BRVO = branch retinal vein occlusion; DME = diabetic macular edema; ERM = epiretinal

membrane; F = female; HM = hand movements; 10L

= intraocular lens; L = left; M = male; ME = macular edema; PDR = proliferative

diabetic retinopathy; R = right; RRD = rhegmatogenous retinal detachment; SFg = sulfur hexafluoride; SRH = subretinal hemorrhage;

TRD =

traction retinal detachment; VA = visual acuity; VH = vitreous hemorrhage.

aVitrectomy with peripheral vitreous shaving was defined as extensive; vitrectomy limited to the central portion without penpheral vitreous

shaving was defined as a core vitrectomy.

PPostoperative hypotony was defined as intraocular pressure = 7 mm Hg observed within 1 week after surgery.

14 838 eyes treated with microincision vitrectomy surgery,
the incidence of endophthalmitis among the 25-gauge
cases (6 per 8238 eyes; 0.073%) was more than twice as
high as that among the 23-gauge cases (2 per 6600 eyes;
0.030%), but the difference did not reach significance
(P = 451). The mean follow-up period was 25.3 *= 11.8

months (range, 6 to 60 months).

® SYSTEMATIC OVERVIEW OF DIFFERENCES IN ENDOPH-
THALMITIS FREQUENCY BETWEEN MICROINCISION VIT-
RECTOMY SURGERY AND CONVENTIONAL 20-GAUGE
VITRECTOMY: Seven potentially relevant publications
were identified in the literature search. '*72° One study was
excluded because of possible duplication of patient data
from another large series."”!® After adding the data from
the current multicenter survey, 7 retrospective studies met
the criteria for subsequent meta-analysis. Because there
was heterogeneity among the studies, a random-effects
model (restricted maximum likelihood method) was ap-
plied for meta-analysis (Table 1). The 7 studies pooled a
total of 77 956 eyes, and the pooled estimates of endoph-
thalmitis after microincision vitrectomy surgery (0.080%;
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95% CI, 0.030% to 0.164%) were numerically higher than
that after conventional 20-gauge vitrectomy (0.030%;
95% CI, 0.012% to 0.048%); however, the difference
between the groups was not significant (P = .207), with a
pooled risk difference of 0.0005 (95% CI, —0.0002 to
0.0012).

® TREATMENT OUTCOMES OF POSTVITRECTOMY EN-
DOPHTHALMITIS IN THE CURRENT SURVEY: The pa-
tient baseline characteristics and surgical details of the 18
eyes with postvitrectomy endophthalmitis in the current
multicenter survey are shown in Table 2. All eyes were
treated with topical antibiotics at the time of presentation.
Of the 8 patients (5 women, 3 men) in whom acute-onset
endophthalmitis developed after microincision vitrectomy
surgery, 2 patients (25%) had diabetes mellitus. All sur-
geries were uneventful: 4 eyes with macular diseases
underwent simple core vitrectomy, and 4 eyes underwent
extensive vitreous removal with peripheral vitreous shav-
ing. Seven eyes (87.5%) were left with a fluid-filled
vitreous cavity at the end of surgery, whereas fluid-air
exchange followed by long-acting gas tamponade was
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TABLE 3. Presenting Characteristics and Treatment Results of Patients with Acute-Onset Postvitrectomy Endophthalmitis

Case Days to Presenting Main Symptoms Final
No. Presentation VA at Presentation Clinical Findings Organism Intraocular Treatment VA
1 5 NA Blurred vision Fibrin, vitreitis Culture negative Vitrectomy, irrigation 0.1
with vancomycin,
imipenem
2 1 NA QOcular pain Fibrin, hypopyon, retinal Culture specimen Tap with 1.0
hemorrhages not obtained vancomycin
3 2 HM Blurred vision Cells, vitreitis, retinal Culture negative Vitrectomy, irrigation 0.7
necrosis with imipenem
4 2 HM Blurred vision Fibrin, hypopyon Culture negative Vitrectomy, irrigation 0.2
with imipenem
5 4 0.03 Blurred vision Cells, fibrin, hypopyon, MRSE Vitrectomy, irrigation 0.3
vitreitis, retinal with vancomycin,
vasculitis ceftazidime, IOL
extraction
6 2 NA Ocular pain Cells, fibrin, hypopyon, Culture negative Vitrectomy, irrigation 0.1
vitreitis with vancomycin,
ceftazidime
7 2 LP Ocular pain Cells, fibrin, hypopyon, Pneumococcus Vitrectomy, irrigation HM
vitreitis with vancomycin,
ceftazidime
8 2 LP Ocular pain Cells, fibrin, hypopyon, MRSA Vitrectomy, irrigation NLP
vitreitis, retinal with vancomycin,
necrosis ceftazidime
9 3 0.1 Blurred vision Cells, fibrin, vitreitis Culture specimen Tap with 0.8
not obtained vancomycin
10 23 HM Blurred vision Cells, fibrin, vitreitis Culture negative Vitrectomy, irrigation LP
with vancomycin,
ceftazidime
11 1 HM Ocular pain Cells, fibrin, hypopyon, MRSE Vitrectomy, irrigation 0.1
retinal hemorrhages with vancomycin,
ceftazidime
12 3 CF Blurred vision Cells, fibrin, hypopyon, MRSE Vitrectomy, irrigation 1.0
retinal hemorrhages with vancomycin,
ceftazidime
13 2 NA Blurred vision Cells, fibrin, hypopyon, Propionibacterium Vitrectomy, irrigation 0.9
retinal hemorrhage acnes with vancomycin,
with vasculitis ceftazidime
14 2 0.03 Blurred vision Cells, fibrin, vitreitis Culture negative Vitrectomy, irrigation 0.7
with vancomycin,
ceftazidime
15 2 0.1 Blurred vision Cells, fibrin, vitreitis Culture negative Vitrectomy, irrigation 0.6
with vancomycin,
ceftazidime
16 2 NA Blurred vision Cells, fibrin, vitreitis Culture negative Vitrectomy, irrigation 1.0
with vancomycin,
ceftazidime
17 2 NA None Cells, fibrin, hypopyon, Enterococcus Vitrectomy, irrigation 0.7
retinal hemorrhages faecalis with vancomycin,
imipenem
18 1 HM None Cells, fibrin, hypopyon MSSA Tap with 0.1
vancomycin,
ceftazidime

CF = counting fingers; HM = hand movements; IOL = intraocular lens; LP = light perception; MRSA = methicillin-resistant Staphylococcus
aureus; MRSE = methicillin-resistant Staphylococcus epidermis; MSSA = methicillin-sensitive Staphylococcus aureus; NA = data not
available; NLP = no light perception; VA = visual acuity.
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TABLE 4. Comparison of the Baseline Characteristics and Outcomes in Patients with
Acute-Onset Postvitrectomy Endophthalmitis between Conventional 20-Gauge Surgery

and Transconjunctival MIVS

Parameter MIVS? (n = 8) 20-Gauge (n = 10) P Value
Gender (female/male, no. patients) 4/4 3/7 .63
Age (yrs)

Mean + SD 63.3 + 3.7 60.9 + 9.7 .48

Range 59 to 70 411078
Indications for surgery, no. (%)

Macular diseases 4 1 12

Retinal detachment 2 1

Complications related to PDR 1 6

Others 1 2
Preoperative VA

Mean (range) 0.18 (HM to 1.0) 0.16 (0.03 to 1.0)

LogMAR = SD 0.74 = 0.70 0.80 = 0.52 .43
Lens status (phakic/aphakic/IOL) 5/0/3 71172 .52
Vitrectomy (extensive/core)” 4/4 8/2 32
Triamcinolone acetonide (used/not use) 6/2 4/6 19
Tamponade (fluid/no fluid)® 6/1 8/2 1.00
Surgical time (min)

Mean + SD 51.3 £279 92.0 + 29.7 .01

Range 25 to 100 45 to 150
Days to presentation

Mean = SD 1.9+06 46 *6.6 A9

Range 1t03 1to 23

Median 2 2
Positive cultures, no. (%) 5 (63) 3 (387 .62
Treatment (vitrectomy/tap) Yl 8/2 1.00
Final visual acuity

Mean (range) 0.48 (0.1 to 1.0 0.07 (NLP to 1.0)

LogMAR = SD 0.32 £ 0.43 1.15=1.12 .03
Changes in visual acuity®

LogMAR = SD —0.42 = 0.46 0.35 = 0.86 .02

= 0.3 logMAR unit, no. (%) 5 (63) 3(30) .34

F = female; logMAR = logarithm of minimal angle of resolution; M = male; MIVS = microincision
vitrectomy surgery; NLP = no light perception; PDR = proliferative diabetic retinopathy; SD =

standard deviation; VA = visual acuity.

?Includes 23- and 25-gauge microincision vitrectomy surgeries.

PVitrectomy with peripheral vitreous shaving was defined as extensive; vitrectomy limited to the
central portion without peripheral vitreous shaving was defined as a core vitrectomy.

°No fluid indicates the tamponade was silicone oil or nonexpansile long-acting gas.

9Culture specimens were not obtained in 2 eyes in the conventional 20-gauge vitrectomy group.

°Changes between preoperative and final visual acuities were evaluated using the logMAR

scale.

performed in one eye (12.5%). All sclerotomies except one
were self-sealing. One eye (12.5%) had postoperative
hypotony (intraocular pressure, = 7 mm Hg) from day 1
after surgery. Of the 10 patients (4 women, 6 men) in
whom acute-onset endophthalmitis developed after con-
ventional 20-gauge PPV, 6 patients (55%) had diabetes
mellitus. All surgeries were uncomplicated; 80% of pa-
tients underwent extensive vitreous removal with periph-
eral vitreous shaving. Eight eyes (80%) were left with a
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fluid-filled vitreous cavity at the end of surgery, whereas
silicone oil tamponade was performed in 2 eyes (20%).
The presenting characteristics and treatment results of
the 18 eyes are shown in Table 3. Of the 8 patients who
underwent microincision vitrectomy surgery, the median
time between surgery and presentation with endoph-
thalmitis was 2 days (mean, 1.9 days; range, 1 to 3 days),
and 63% of patients had blurred vision rather than ocular
pain as the initial manifestation. Seven (87.5%) of the 8
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eyes underwent vitrectomy with intraocular irrigation with
antibiotics; the other eye underwent a tap and injection
procedure with intravitreal antibiotics because of relatively
mild intraocular inflammation. Vancomycin was used in-
travitreally in all 8 eyes, and ceftazidime was used in 7 eyes
(87.5%). Culrure-positive organisms were detected in 5
eyes (63%), whereas the other 3 cases were culture
negative. All positive-culture organisms responded to in-
traocular antibiotics. The presenting VA was available for
5 eyes: hand movements (n = 2), counting fingers (n = 1),
0.1 (n = 1), and 0.03 (n = 1). After treatment, 6 eyes
(75%) had a VA of 0.5 (20/40) or better and 5 eyes (63%)
had visual improvement compared with that before sur-
gery. Of the 10 patients with endophthalmitis after 20-
gauge PPV, the median time between surgery and
presentation with endophthalmitis was 2 days (mean, 4.6
days; range, 1 ro 23 days). Eight (80%) of the 10 eyes
underwent revisions with intraocular irrigation with anti-
biotics, and 2 eyes underwent a tap and injection proce-
dure with intravitreal antibiotics because of relatively mild
intraocular inflammation. Vancomycin was used intravit-
really in 8 eyes, cefrazidime was used in 5 eyes, and
imipenem was used in 2 eyes. Organisms were identified in
3 (37.5%) of the 8 eyes, and the other 5 cases were culture
negative. All culture-positive organisms responded to the
intraocular antibiotics. The presenting VA levels were
available for 7 eyes: light perception (n = 2), hand
movements {n = 3),0.1 (n = 1), and 0.03 (n = 1). After
treatment, 2 eyes (20%) had a VA of 0.5 or better, and 1
eye lost light perception. The VA improved in 3 eyes
(30%) compared with that before surgery.

The baseline characteristics and treatment outcomes of
the patients in whom acute-onset endophthalmitis devel-
oped were compared between groups (Table 4). Although
the mean surgical times of the 8 eyes treated with
microincision vitrectomy surgery were significantly
shorter than in the 10 eyes treated with conventional
20-gauge vitrectomies (51.3 = 27.9 versus 92.0 * 29.7
minutes; P = .01}, there were no significant differences
in the baseline characteristics or surgical techniques
used for the intraocular manipulations between groups.
The times to the development of endophthalmitis were
similar between groups (median, 2 days), except for 1
eye in the 20-gauge group in which endophthalmitis
developed 23 days after surgery. The presenting VA
generally was poor in both groups. However, the final
VA and visual improvement after treatment for endoph-
thalmitis were better in the patients who underwent
microincision vitrectomy surgery.

DISCUSSION

THE CURRENT STUDY SHOWED STATISTICAL STRENGTHS
over previously published reports. To the best of our
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knowledge, our multicenter survey is the largest popu-
lation study that included 43 868 cases from 31 surgeons
in 27 retina facilities and the first to survey simulta-
neously the postvitrectomy endophthalmitis rates for
each of the 3 instrument gauges to elucidate the current
trends and potential risks of postvitrectomy endoph-
thalmitis associated with microincision vitrectomy sur-
gery. The current survey showed that the overall
incidence of acute-onset postvitrectomy endophthalmi-
tis during the past 5 years in Japan was 0.041% (18 eyes
per 43 836 cases). The incidence rate of endophthalmi-
tis after 20-gauge vitrectomy was 0.034% (10 eyes per 29
030 cases) in the current series, which was comparable
with the rates reported during the past decades (0.03%
to 0.05%).*7® Although the acute-onset endophthalmi-
tis rates after microincision vitrectomy surgery (includ-
ing 23- and 25-gauge procedures) were higher than for
the conventional 20-gauge procedure, the differences
did not reach significance (0.054% vs 0.034%; P =
.603). Similarly, of the 14 838 eyes treated with micro-
incision vitrectomy surgery, a higher incidence of acute-
onset postvitrectomy endophthalmitis developed in the
25-gauge group (0.073%) compared with the 23-gauge
group (0.030%), but the difference did not reach signif-
icance (P = .451). The higher incidence observed in
the cases treated with the 25-gauge system may be
attributed partly to the 25-gauge group that included
cases in which a vertical incision was created for
trocar—cannula insertion during the early years after the
system was introduced. The rate of acute-onset endoph-
thalmitis after the 25-gauge system in the current series
was almost equal to or slightly higher than the rates in
2 recent studies (0.070% [l eye per 1424 cases] and
0.030% [1 eye per 3343 cases]),'”" but did not agree
with the significantly higher incidences reported by 4
other studies (0.22% to 1.55%).'47'%!® Therefore, we
sequentially performed a systematic review and pooled
data from different studies, including the current mul-
ticenter survey, and objectively reanalyzed the resultant
larger data set with increased statistical power to deter-
mine more accurate incidence rates of and correct
conclusions about this infrequent but devastating
complication.

In the cutrent meta-analysis, the pooled results
showed no significant differences in the rates of acute-
onset endophthalmitis among the procedures (P = .207;
risk difference, 0.0005; 95% CI, —0.0002 to 0.0012),
even though the weighted incidence rates of endo-
phthalmitis after microincision vitrectomy surgery
(0.08%) were numerically greater than after 20-gauge
vitrectomy (0.03%). Similar to the theories about in-
creased rates of endophrhalmitis after cataract surgery
with sutureless clear corneal incisions,”” incomplete
wound adaptation and related postoperative hypotony
have received attention as high-risk factors contributing
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to the development of acute-onset endophthalmitis
after microincision vitrectomy surgery.7'32'7'3 Recent
imaging studies combined with histologic examinartions
have suggested a risk of bacterial contamination in the
vitreous cavity and the possible mechanism of endoph-
thalmitis associated with the transconjunctival suture-
less procedure.’**> Therefore, several special surgical
techniques have been proposed to ensure rigid self-
sealing of sclerotomies and to prevent bacterial migra-
tion into the vitreous cavity through the sutureless
incisions.”'17"19:23:24.2636 Eytensive vitrectomy with in-
traocular irrigation to wash out the bacteria also is
recommended because direct inoculation of ocular sur-
face flora into the vitreous cavity via insertion of
transconjunctival instruments may be another cause of
postvitrectomy endophthalmitis.!*!7*” These specific
procedures may have substantial clinical value to
minimize the potential risk of endophthalmitis after
microincision vitrectomy surgery; however, these mod-
ifications may not yet have been subjected to appropri-
ate clinical study. Given that the endophthalmitis rates
after microincision vitrectomy surgery in the current
multicenter survey (0.07%) were comparable with the
pooled endophthalmitis rates estimated from the meta-
analysis (0.08%), a simple antiseptic preparation with
povidone~iodine, the only prophylactic technique that
has received an intermediate clinical recommendation
for preventing bacterial endophthalmitis after cataract
surgety,”® and a standard suturing technique to seal the
sclerotomy if there is concern about the self-sealing
properties of a transconjunctival incision, may be the
best procedures for decreasing the risk of endophthalmi-
tis after microincision vitrectomy surgery to a sporadic
level, although the incidence may be slightly greater
than that after conventional 20-gauge vitrectomy be-
cause of the transconjunctival approach and sutureless
nature of microincision vitrectomy surgery.

In the current multicenter survey, the baseline charac-
teristics and surgical parameters of the eyes with acute-
onset postvitrectomy endophthalmitis did not differ
significantly between microincision vitrectomy surgery and
conventional 20-gauge vitrectomy, except that the mean
surgical time was significantly shorter in the former group,
as expected. Surgeons should keep in mind that acute-
onset endophthalmitis may occur sporadically even after
uneventful short microincision vitrectomy surgery in pa-
tients without high-risk backgrounds, as shown in the
current seties. Historically, visual outcomes in patients
with endophthalmitis after vitrectomy generally are poor,
and vision can decrease to loss of light perception in many
cases.! ¢ However, the final visual outcomes in patients
with endophthalmitis after microincision vitrectomy sur-
gery in the current series were much better compared with
those after conventional 20-gauge vitrectomy, despite no
significant differences in the baseline characteristics and
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treatment regimens for postvirrectomy endophthalmitis
among the groups. The visual outcomes of acute-onset
postoperative endophthalmitis generally are associated
with organism virulence and the spectrum of bacterial
sensitivity of the antibiotics used to treat endophthalmi-
tis.*® Similar to endophthalmitis after cataract surgery,’®*°
the bacterial strains isolated from specimens in eyes with
endophthalmitis after microincision vitrectomy surgery in
the current series were indistinguishable from the com-
mensal organisms recovered from the eyelids, conjunctiva,
or nose, which strongly suggests that the bacterial strains
that cause acute-onset endophthalmitis after microincision
vitrectomy surgery are associated with the ocular surface
flora. All organisms isolated in the current series responded
to vancomycin and ceftazidine, which may account for the
better visual recovery in our series. Although commensal
bacterial contamination of the ocular surface and intraoc-
ular inoculation of the flora during transconjunctival
procedures may be inevitable with any prophylactic
reginufns,m’40 preoperative preparation with povidone—
iodine and perioperative antibiotic administration may
decrease the virulent organisms on the ocular sur-
face.’™! Early detection of clinically evident endoph-
thalmitis and timely administration of appropriate
antibiotics are important for acute-onset endophthalmi-
tis after microincision vitrectomy surgery and may
minimize progression of endophthalmitis and thus
achieve better visual recovery.

The current study had several limitations. All studies
reviewed were retrospective, and the accumulation of
study populations took several years. Therefore, the
quality of data obtained within a single study may be
uneven. The studies in this data set are heterogeneous
because of the variability in sample sizes, surgical
indication criteria, surgical procedures, and periopera-
tive aseptic protocols. Although we minimized these
potential drawbacks-to obrain the pooled estimates for
our trend analysis using random-effects regression anal-
ysis with the weighting method, the current study failed
to uncover factors critical to decreasing the risk or
minimizing the severity of postvitrectomy endoph-
thalmitis because of rhe study heterogeneity. Despite
these limitations, by combining the results from our
multicenter survey and previous studies, the current
systematic review allowed us to address the recent trends
in endophthalmitis after microincision vitrectomy sur-
gery using existing data with increased statistical power.

In conclusion, the current study provided statistical
strengths over previous reports that suggested that the
incidence of acute-onset endophthalmitis after microin-
cision vitrectomy surgery has decreased to a level as low
as that after conventional 20-gauge vitrectomy. A better
understanding of possible causes of infection and con-
ventionally standardized antiseptic protocols combined
with specific techniques or suturing to facilitate rigid
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wound adaptation may account for this favorable trend that is, antiseptic prorocols, specific surgical techniques,
in microincision vitrectomy surgery. Further studies are | or both, to prevent acute-onset endophthalmitis after
needed to investigate appropriate surgical procedures, transconjunctival microincision vitrectomy surgery.
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Short Reports

Wavefront analysis and ultrastructural findings
in an eye with posterior lentiglobus

Yoko Murakami, MD,* Shunji Kusaka, MD,” Nobutsugu Hayashi, MD, Kaori Soga, MD,*

and Takashi Fujikado, MD?

An 8-year-old girl with unilateral posterior lenticoglobus underwent
lens aspiration and intraocular lens implantation. Wavefront analysis
performed hefore surgery to assess the surgical indication showed
a higher-order aberration of 0.502 um root mean square. After
surgery, the value decreased to 0.132 um root mean square.
Preoperative best-corrected visual acuity of 0.1 improved to 0.3
postoperatively. Electron-microscopic examinations of the posterior
capsule revealed unusual nodular structures and variations in
capsular density.

osterior lentiglobus is a rare disease characterized by

unilateral or bilateral conical or hemispherical

protrusion of the posterior lens surface with or
without central posterior subcapsular lens opacity.! In
most cases, this disorder is unilateral, sporadic, and occurs
at younger ages. The patients’ visual acuity gradually
decreases as the result of progressive protrusion of the lens,
leading to increased irregular astigmatism, lens opacity
(Figure 1), or both.! We report a case of unilateral posterior
lentiglobus that was treated by lens aspiration and intraocu-
lar lens implantation. Before and after surgery, wavefront
analysis was performed. Histopathologic examinations of
the posterior capsule also were conducted.

Case Report

An 8-year-old girl was referred to Osaka University Hospital,
Osaka, Japan, for evaluation of decreased visual acuity in the
right eye. The patient’s best-corrected Snellen-equivalent
visual acuity at the first visit was 0.1 (—1.5 —6.0 x20) in the
right eye and 1.5 (+0.50) in the left eye. Slit-lamp examina-
tion showed protrusion of the posterior lens surface
(Figure 1A) with a subcapsular star-shaped opacity in the
righteye. No other abnormal findings were detected in either
eye. The parents reported no family history of any ocular
disorders.

Wavefront aberrometry with Topcon KR-9000PW
(Topcon Corporation, Tokyo, Japan) showed —7.0 D of
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FIG 1. Clinical images and wavefront aberrometry from the right eye of
an 8-year-old girl with posterior lentiglobus. A, Preoperative slit-lamp
image. B, postoperative image showing that the IOL is securely fixated
in the bag with a posterior capsule opening. Wavefront aberrometry
demonstrates the extent of higer-order aberrations preoperatively in
the cornea (C) and eye (D). Postoperatively, the appearance is un-
changed in the cornea (E) butimproved in the eye (F).

astigmatism in the right eye and 0.502 and 0.134 um root
mean square (RMS) ocular total high-order aberrations
(HOAs) with a 4-mm diameter pupil in the right and left
eyes, respectively. The map of ocular HOAs showed a slower
wavefront in the center corresponding to that part of the
circular cone and a faster wavefront in the periphery in a cir-
cular manner (Figure 1).? Yet, the map of corneal HOAs was
homogeneous, suggesting that the ocular HOAs originated
from the lens.

Lens aspiration and intraocular lens (IOL) implantation
were performed to correct the irregular astigmatism. After
creation of an anterior continuous curvilinear capsulorhexis
and lens aspiration, the anterior chamber and the capsular
bag were filled with 1% sodium hyaluronate (Opegan Hi;
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Santen Pharmaceutical Co, Ltd, Osaka, Japan). A posterior
continuous curvilinear capsulorhexis 5 mm in diameter was
created, followed by anterior vitrectomy. The IOL was
fixated by the use of an optic capture technique, that is,
the haptics of a 3-piece acrylic IOL were inserted in the
capsular bag and the optics was displaced behind the
posterior capsule.’

A capsulorhexis fragment obtained from the posterior
continuous curvilinear capsulorhexis at the time of surgery
was fixed in 2.5% glutaraldehyde. It was dehydrated in
increasing concentrations of ethanol and embedded in
Epon 812 (TAAB Laboratories Equipment Ltd, Aldermas-
ton, UK). Ultrathin sections for electron microscopy were
stained with uranyl acetate and citrate. Specimens were
observed by a transmission electron microscope. The lens
capsular thickness varied from 2.3 um to 8.4 um, with
the thinnest diameter in the center and the thickest at the
periphery of the specimen. A small amount of lens cortex
was present on the capsular surface, but no nuclei of lens
epithelial cells were present. A few unusual small nodules
with the same electron density as the capsule were present
on the capsular surface. In some areas, the posterior capsule
exhibited variations in electron density across its width
(Figure 2).

One week postoperatively, the patient’s visual acuity was
0.2 (+3.0 —3.0 x 5)in the right eye. Wavefront aberrometry
showed —3.7 D of astigmatism, 0.132 um RMS ocular total
HOAs, and a 4-mm diameter pupil. Occlusion of the left eye
3 hours daily was initiated 1 week after surgery and was
continued for 18 months postoperatively. At the 18-month
follow-up visit, when the patient was 9 years of age, her
best-corrected visual acuity in the right eye was 0.3, which
remained unchanged during the 48-month follow up.

Discussion

Cataract surgery should be considered carefully in young
patients on account of postoperative loss of accommodation.
In patients with lentiglobus with no or mild lens opacity, itis
sometimes difficult to judge whether cataract surgery would
be beneficial. Wavefront analysis may be helpful in these
cases because it can precisely differendate lenticular HOAs
from corneal aberrations and can quantitate the HOAs.*

In our patient, the preoperative HOAs was 0.502 um
RMS in the right eye, which was much greater than in the
left eye (0.134 um RMS). A variation exists in the RMS value
in normal subjecm,s and 2a HOA of 0.15 um RMS or less is
accepted as normal with a 4-mm pupil.

The ocular total HOAs and quasispherical aberrations
significantly improved postoperatively in our patient. The
reason for the limited improvement in the best-corrected
visual acuity after occlusion treatment may be that the patient
was already beyond the age limit for amblyopia treatment.
We did not find discontinuous portions or disruptions
in the posterior lens capsule, as has been described
previously.®™®

Fournal of AAPOS

FIG 2. Transmission electron microscopy of the posterior lens capsule.
A, The central capsule is on the left and the peripheral capsule is on the
right. There is a marked difference in the thicknesses. The thinnest diam-
eter is approximately 2.3 um (arrow). The arrowhead indicates the edge
of the posterior continuous curvilinear capsulorhexis (bar = 6.67 um).
B, A nodular structure on the lens capsule (arrowhead) and variations in
capsule (arrow) electron density (bar = 5 um).

To our knowledge, the unusual nodular structures and
variations in electron density of the posterior lens capsule
have not been reported previously in posterior lentiglobus;
they could represent pathological changes of the posterior
lens capsule in the current case.

Literature Search
PubMed was searched, on August 4, 2009, for the following

terms: nodule, nodular structure, lens capsule, and posterior
lenticonus.
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Efficacy of Suprachoroidal-Transretinal Stimulation in
a Rabbit Model of Retinal Degeneration

Kentaro Nishida," Motobiro Kamei," Mineo Kondo,* Hirokazu Sakaguchi,’
Mihoko Suzuki,' Takashi Fujikado," and Yasuo Tano'

Purrose. To develop a middle-sized animal model of outer
retinal degeneration and to evaluate the effectiveness of supra-
choroidal-transretinal stimulation (STS) in eliciting cortical po-
tentials from this model.

MEeTHODS. Twelve rabbits were intravenously injected with
0.47 mg/kg verteporfin and the retinas were irradiated with a
red light for 90 minutes. Fluorescein angiography and full-field
and focal electroretinography (ERG) were performed at 7 and
28 days after the irradiation. Electrically evoked potentials
(EEPs) were elicited by electrical stimulation, with the STS
electrode implanted over the irradiated region, 1 month and 1
year after the irradiation. EEPs were also recorded from three
rabbits before and after retinotomy of the normal retina sur-
rounding the degencrated arca, to climinate the influence of
stray currents. The retina beneath the site of the STS electrode
was examined histologically at 1 month (group 1) and 1 year
(group 2) after the irradiation.

REsuLTS. An extensive area of degeneration was detected his-
tologically, mainly in the outer retina after the irradiation. Focal
ERGs were not recorded when the stimulus was confined to
the irradiated area; however, EEPs were successfully elicited by
STS of the same area 1 month and 1 year after the irradiation.
The 360° retinectomy did not significantly alter the amplitudes,
the implicit times, or the thresholds of EEPs evoked by STS.

Concrusions. Verteporfin with light irradiation induces degen-
eration predominantly in the outer retinal layers in rabbits. The
elicitation of EEPs by STS from the degenerated area suggests
that the STS system may be useful in patients with retinitis
pigmentosa. (Invest Ophthalmol Vis Sci. 2010;51:2263-2268)
DOI:10.1167/i0vs.09-4120

Despite extensive attempts by genetic manipulation and
artificial prosthetic devices, a practical solution for the
visual decrease in patients with retinitis pigmentosa (RP) has
not been obtained. Because some of the inner retinal neurons
are somewhat preserved in RP patients,"* several research
groups are investigating whether an intraocular retinal pros-
thesis can restore vision in these patients by activating the
functioning neurons.>””

We have developed a new method of stimulating the retina
called suprachoroidal-transretinal stimulation (STS),® and ex-
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periments on normal rabbits”'® and RCS rats'' have shown
that electrically evoked potentials (EEPs) can be elicited by
stimulating the retina by STS. However, a middle-sized animal
model with damage predominantly in the outer retinal layer, as
is observed in eyes of RP patients, is needed to evaluate the
effectiveness of the STS system more completely. RCS rats,
S334ter rats, and P23H rats are established animal models
Steinberg RH, et al. JOVS 1996;37:ARVO Abstract 3190)'*'3 of
degeneration of the outer retinal layers, including the photo-
receptors. Unfortunately, a rat eye is relatively small, which
makes it difficult to implant an STS system that might be used
in humans. A larger size eye model is necessary, because a safe
and effective current level has not been determined in eyes of
a size comparable to that of humans.

Several dog models of retinal degeneration have been iden-
tified,'# "¢ but investigating a group of dogs is difficult because
of the cost and labor. Thus, the purpose of this study was to
develop a middle-sized animal model with predominant degen-
eration of the outer retinal layer which is easily available, not
expensive, and easy to handle. We selected the commonly
used laboratory rabbit, and induced degeneration of the outer
retinal layers including the photoreceptors by photochemical
damage with verteporfin. We then evaluated the efficacy of the
STS system in this model.

MATERIALS AND METHODS

Animals

Twelve eyes of 12 Dutch-belted rabbits (weighing 2.0 -2 .3 kg; Biotech,
Saga, Japan) were used. All procedures conformed to the ARVO State-
ment for the Use of Animals in Ophthalmic and Vision Research. Every
effort was made to minimize animal discomfort and to limit the number
of animals to that necessary to obtain statistical significance. Nine
rabbits were used for developing the retinal degeneration and the
functional evaluation of the STS system; five rabbits (group 1) were
used for the evaluation at 1 month, and four rabbits (group 2) were
used for the evaluation at 1 year. An additional three rabbits (group 3)
were used to test the validity of the model.

Light Irradiation with Verteporfin

Rabbits were anesthetized with an intramuscular injection of ketamine
(33 mg/kg) and xylazine (8.5 mg/kg), and the pupils were dilated with
0.5% tropicamide and 0.5% phenylephrine hydrochloride. Verteporfin
(Visudyne; Novartis, Basel, Switzerland) was injected through an ear
vein at a dose of 0.47 mg/kg. This dose was determined from the
results of a study of photodynamic therapy (PDT) in monkeys'” and the
results of our pilot study with 0.24, 0.47, and 0.96 mg/kg of verteporfin
in rabbits. Verteporfin was reconstituted as recommended by the
manufacturer.

Light irradiation was applied 5 minutes after the verteporfin infu-
sion. A red light-emitting diode (LED; MCEP-CR8; Moritex, Tokyo,
Japan) with peak emission at 630 nm was placed next to the surface of
the diffuser contact lens (illuminance was 8.0 X 10% lux). The retina
was irradiated from three directions—the center, nasal, and temporal
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to the visual streak—with an irradiation duration of 30 minutes in each
direction, which resulted in a total irradiation time of 90 minutes.

Fundus Photography and
Fluorescein Angiography

Fundus photography and FA were performed with a fundus camera
(TRC-50IX; Topcon, Tokyo, Japan), with the animals under general
anesthesia before and at 1 month (group 1) and 1 year (group 2) after
the irradiation with verteporfin. For FA, 0.075 mL/kg of 10% sodium
fluorescein was injected intravenously.

Full-Field ERGs

Dark-adapted, full-field ERGs were recorded in all group 1 rabbits, 1
month after the light exposure. After 20 minutes of dark adaptation
and pupil dilation, the rabbits were anesthetized with an intramuscular
injection of ketamine (40 mg/kg) and xylazine (4 mg/kg), and the ERGs
were picked up with a corneal Burian-Allen bipolar electrode (Hansen
Ophthalmic Development Laboratories, Iowa City, IA). The rabbits
were placed in a Ganzfeld bowl and stimulated with stroboscopic
stimuli of 1.7 log cd-s/m? (photopic units). Ten responses were aver-
aged with a stimulus interval of 10 seconds. The a-wave amplitude was
measured from the baseline to the first negative trough, the b-wave
from the negative trough to the positive peak.

Focal ERGs

Focal ERGs were recorded from all group 1 rabbits, 1 week and 1
month after irradiation. The techniques used for eliciting and record-
ing focal ERGs have been described in detail."®'? Briefly, focal ERGs
were elicited by placing the stimulus spot on the visual streak. The
position of the spot on the fundus was monitored during the recording
with a modified infrared fundus camera. The same Burian-Allen bipolar
contact lens electrode was used to record the focal ERGs. The lumi-
nances of the stimulus and the background were 30.0 and 3.0 cd/m?,
respectively. A 5- or 30-Hz rectangular stimulus (50% on and 50% off)
was used, and a 15° stimulus spot was placed on the visual streak. A
total of 512 responses were averaged by a signal processor, and the
time constant was 0.03 second with a 300-Hz high-cut filter.

Electrical Stimulation and Recording of EEPs at
the Visual Cortex

Cortical Electrodes. With the animal under deep general anes-
thesia, the top of the skull was exposed and 1-mm holes were drilled
through the skull 8 mm anterior to the lambdoid suture and 7 mm to
the right and left of the midline. Then, screw-type stainless steel
recording electrodes coated with silver, were screwed into the skull to
make electrical contact with the dura mater. The reference electrode
was then screwed into the skull at the bregma.

Stimulating Electrode. A single stimulating electrode was
used. The wire (90% platinum, 10% iridium; diameter, 60 pum) was
insulated with silicon and embedded in a 2-mm horizontal X 5.5-mm
vertical X 0.1-mm-thick parylene plate. The tip of the wire was connected
to a 500-um-diameter single stimulating platinum electrode (see Fig. 3A).
The inferior surface of the sclera was exposed by cutting the inferior
rectus and the inferior oblique muscles. A scleral pocket (3 X 5 mm) was
created just over the irradiated area on the visual streak. The electrode
plate was then implanted into the scleral pocket and sutured with 5-0
Dacron onto the sclera just above the pocket. The insulated strand lead
from the electrode was sutured at the limbus with 50 Dacron. The
implanted electrode was confirmed to be located just under the damaged
area of the visual streak by binocular ophthalmoscopy.

An electronic stimulator (SEN-7203; Nihon Kohden, Shinjyuku,
Japan) was connected through a stimulus isolation unit (A-395R; World
Precision Instruments, Sarasota, FL) to the STS electrode. The refer-
ence electrode was a platinum wire coated with polyurethane resin,
and approximately 3 mm of the tip was exposed. The wire was
inserted into the vitreous cavity and was fixed 1 mm posterior to the
limbus with 8-0 Vicryl.
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Eliciting EEPs

EEPs were recorded 1 month (groups 1 and 3) and 1 year (group 2)
after irradiation. The electrical stimulating current was change from 50
to 1000 pA, and biphasic pulses were used for the electrical stimula-
tion. The biphasic pulses consisted of current flowing from the vitreal
electrode to the STS electrode in one phase and with current flowing
from the STS electrode to the vitreal electrode. The duration of both
phases was 0.5 ms. The threshold current for eliciting an EEP was
determined by decreasing the electric current in steps. The minimum
electric current that elicited the first or second positive peak of the EEP
(P1 or P2) was defined as the threshold current. The EEP amplitude
was measured from the baseline to the first positive trough.

Assessing Validity of This Model

To investigate the influence of stray current beyond the degenerative
area where the STS stimulating electrode was placed, we removed
360° of the normal retina surrounding the degenerated area by vitrec-
tomy and retinectomy. EEPs were recorded from the degenerated
retina immediately after the retinectomy by stimulating with the STS
clectrode in three irradiated eyes (group 3; Figs. 3C1, 3C2). Then, EEPs
were recorded before and again immediately after retinectomy in those
eyes that had only the degenerated retina and optic nerve.

Histologic Study

Histologic studies were performed in the areas where the electrode
was placed 1 month (group 1) and 1 year (group 2) after, to ensure that
the outer retina was degenerated. After the EEPs were recorded, the
stimulating electrode was removed from the eye, and the rabbits were
euthanatized with a 5-mL intravenous injection of pentobarbital (50
mg/mL). The eyes were enucleated, fixed with 4% paraformaldehyde,
dissected, and embedded in optimal cutting temperature compound
(Tissue-Tek; Sakura Finetechnical Co. Ltd. Tokyo, Japan). Cryosections
of 7-pm thickness were cut and stained with hematoxylin and eosin.
The sections were examined under a light microscope and photo-
graphed with a CCD camera (AxioCam; Carl Zeiss Japan, Tokyo, Ja-
pan). The images were then analyzed (AxioVision 2.0 software for
Windows; Carl Zeiss Japan). The numbers of nuclei in the outer
nuclear layer (ONL), inner nuclear layer (INL), and ganglion cell layer
(GCL) were counted at X40 magnification in all eyes from groups 1
and 2. Three sections from each eye were counted; at the center of the
stimulating electrode, and at *500 pm away from the electrode.
Sections were oriented along the visual streak.

Statistical Analyses

The Mann-Whitney test was used to calculate the significance of the
differences in the full-field ERGs, EEPs, and cell counts between con-
trol and irradiated eyes. Paired ftests were used to calculate the
significance of the differences in the EEPs before and after retinectomy
in group 3. P < 0.05 was considered statistically significant (all analy-
ses: SigmaStat, ver.2.0; Systat, San Jose, CA).

RESULTS

Retinal Degeneration Model

A well-defined chorioretinal atrophy was observed in all eyes
by indirect ophthalmoscopy at 1 month after the irradiation. In
addition, a hypofluorescent area, that corresponded to the area
of the chorioretinal atrophy was seen by FA. The lesion and the
hypofluorescent area remained unchanged for 1 year, whereas
the area of occluded choriocapillaris increased (Figs. 1A-F).

Histologic Examination of the Retina beneath
the Electrode

Photoreceptors and nuclei in the ONL were almost completely
absent beneath the area where the electrode array was placed.
The relative number of cells (experimental eye/control eye)
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control

FIGURE 1. Representative fundus
photographs (A-C), fluorescein angio-
grams (D-F), photomicrographs of the
area where the electrode was placed
(G-L), and EEPs (M-O) of the control
and irradiated eyes at 1 month and 1
year after the irradiation with a red
LED after intravenous verteporfin. (B,
C, E, F) Atrophy of RPE and choriocap-
illaris can be seen. The occlusion of
the choriocapillaris continued to be
present at 1 year (F). Histopathology
of the control eye (G, J) showed that
the ONL and outer layers were fibrotic
(H, I, K, L). At 1 year, the atrophy of
the choroid had progressed, and the
number of cells in the INL had de-
creased but the GCL was preserved (I,
L). Scale, 100 wm. The EEPs (arrows)
recorded after biphasic electrical
pulses from the STS electrodes im-
planted in the control eye and degen-
erated eyes at 1 month and 1 year after
irradiation.
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was reduced to 1.5% (P = 0.003) in the ONL, to 56.8% (P =
0.006) in the INL, and to 84.5% (P = 0.317) in the GCL (Figs.
1G-L; Table 1). At 1 year after irradiation, the cell counts in the
INL were reduced to 66% (P = 0.004) of the control, but those
in the GCL were not significantly reduced (P = 0.903).

Full-Field and Focal ERGs

Representative waveforms of the dark-adapted, full-field ERGs
are shown in Figure 2A, and the means * SDs of the amplitude
and implicit times of the a- and b-waves are shown in Figure 2B.
We found that the amplitudes of both the a- and b-waves were
reduced to about one half of the control ERGs (P < 0.05) at 1
month after irradiation (group 1). There was no significant
difference in the implicit times of the a- and b-waves before and
after the irradiation (P = 0.548 and P = 0.095).
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We then recorded focal ERGs to examine the retinal func-
tion in the irradiated area. We could not record any responses
with the stimulus spot placed on the irradiated area from all the
eyes. The amplitudes of focal ERGs were less than the noise
level (0.3 wV) for all rabbits (Fig. 2C), whereas focal ERGs with
both 5- and 30-Hz stimuli from all the control eyes were
recorded.

Evaluation of STS

EEPs were successfully elicited by STS from all eyes in all
groups (Figs. 1M-O, 3D, 3E). The mean threshold current
evoking the EEP in the irradiated eyes at 1 month after irradi-
ation was 431.3 = 143.8 pA and that of the control eyes was
360.0 = 114.0 pA. This difference was not significant (P =
0.262). The average current density was 20.5 and 16.4 uC/cm?®
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TasLe 1. Cell Counts in the Control and Irradiated Eyes

ONL INL GCL
Control 475.8 * 84.9 186.0 = 31.2 148 £ 39
1 Month after
irradiation 7.0+ 103 105.6 = 31.1 125*+38
g 2 0.003 0.006 0.317
1 Year after
irradiation 0 69.3 =324 144 *+33
r 0.004 0.004 0.903

Data are expressed as the mean * SD.
* Mann-Whitney Rank Sum Test with significant differences in
bold.

for the irradiated and control eyes, respectively (P = 0.262).
The implicit times of the first positive waves of the EEPs in the
irradiated eyes and in the control eyes were 13.4 * 8.7 and
17.1 £ 12.4 ms, respectively (P = 0.662). The mean threshold
current of the irradiated eyes 1 year after irradiation was
300.0 * 141.4 pA (group 2) and was 233.3 = 115.5 uA in the
control eyes. None of these differences was significant (P =
0.400). The averaged electrical density was 13.6 and 10.6
wC/cm? for the irradiated and the control eyes, respectively
(P = 0.400). The implicit times of the first positive waves of
the EEPs in irradiated eyes and in control eyes were 17.9 = 4.7
and 13.9 £ 5.9 ms (P = 0.229).

There was no significant difference in the threshold current
of the irradiated eyes at 1 month (431.3 = 143.8 uA) and 1 year
(300.0 = 141.4 pA) after the irradiation (P = 0.413).

Influence of Stray Current

The threshold current for evoking the EEPs in group 3 was
400 * 0 pA before the retinectomy and 400 * O uA after the
retinectomy. The means * SDs of the amplitude and implicit
times of EEPs elicited by 1000, 750, 500, and 400 pA are shown
in Figures 3F1 and 3F2. There was no significant difference in
the amplitude and the implicit times of EEPs before and after
retinectomy (P = 0.058-0.716). Thus, removing the nonirra-
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diated retina from the degenerated retina and optic nerve did
not reduce the EEPs.

Discussion

In a pilot study, we irradiated eyes with stronger light and for
longer durations (24 hours) without verteporfin and failed to
damage large areas of the outer retinal layer. We, therefore,
used verteporfin according to a report on the predominant
damage of the outer retinal layer by repeated PDT.'” We also
chose a red LED for the light source because the LED light does
not generate heat as easily as do other light sources, and 630
nm is the peak excitation wavelength of verteporfin.?%-*!

We then conducted another pilot study to develop a retinal
degeneration model with verteporfin and a red LED. We
changed the dose of verteporfin (0.24, 0.47, and 0.96 mg/kg),
total irradiation time (45 and 90 minutes), irradiation direction
(1 and 3 directions) and distance (0 and 15 mm), and finally
succeeded in creating substantial damage to the outer retinal
layers with a dose of 0.47 mg/kg verteporfin and irradiation
from 3 directions for 30 minutes, each when the red LED was
placed just in front of the diffuser contact lens. These condi-
tions induced retinal degeneration in which the outer retinal
layers were preferentially damaged and the inner retinal layers
were relatively well preserved. In addition, the damage was
extensive and uniform. We conclude that our technique of
photochemical damage with verteporfin and a red LED light
can produce retinal degeneration resembling the histologic
characteristics of eyes of patients with RP.

The amplitudes of the full-field ERGs remained about one
half that of the controls (Figs. 2A, 2B) because the degenerated
region did not cover the entire retina (Figs. 1A-F). In contrast,
focal ERGs were not elicited when the stimulus spot was
placed on the degenerated area (Fig. 2C). This result corre-
sponded with the histologic findings that the outer retinal
layers were almost completely absent in the irradiated area
(Figs. 1G-L). However, the inner retinal layers were somewhat
intact in the damaged region, which is known to be character-
istic of the end stage of human RP.? These results demon-
strated that the damaged region of this model resembled the

A B
Control Post-1M P Value
_ij—\w« control | Ampiitude(pV)
a-wave 68.8+24.7 33.6 +8.8 P*=0.016
b-wave 203.8 +85.2 | 108.7x24.1 P*=0.008
—FW 1 month
Implicit
time(ms)
100 pV
a-wave 11.2+0.6 10.7+1.2 P*=0.548
30 msec
b-wave 394 44 34.2+6.0 P*=0.095
C SHZ AS TN e e '\,...,-N"\.,r’
FIGURE 2. Representative full-field
(A) and focal (C) ERGs at 1 month
30Hz /\,/\/\ B DR A S after irradiation. The amplitudes of
the a- and b-waves at 1 month were
control reduced to one half of the control
1 week 1 month value (B). Data are shown as the
means * SD. *Mann-Whitney rank
TRv sum test with significant differences
50msec  in hold.
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performed (C1, white arrows) along 200pA 200pA

the border of the degenerative retina
and normal retina (C2, red line), in-
serted STS electrode (C1, dotted
white outline) and representative
EEPs (black arrows) before (D) and
after retinectomy (E). The ampli-
tudes (F1) and the implicit times
(F2) of the EEPs after retinectomy
were not significantly different from
those before the retinectomy. Data
are the mean * SD. tPaired ftests.

Before retinectomy

histologic and physiological characteristics of eyes of patients
with RP.

Despite the absence of focal ERGs when the stimulus was
placed on the damaged area (Fig. 2C), EEPs could still be
elicited by the STS electrode placed beneath the irradiated area
(Figs. 1N, 3B1, 3B2). These results indicate that the STS elec-
trode can stimulate the inner retina in the area that has been
damaged by the irradiation to evoke EEPs. One year after
irradiation, the ONL had entirely disappeared, and even the
INL was significantly decreased but partially remained as
shown in the histologic sections (Fig. 1L, Table 1).

Because the EEPs are evoked from ganglion cells and partly
from bipolar cells, even though the ONL was completely ab-
sent, the EEPs at 1 year after the irradiation were not signifi-
cantly different from those recorded 1 month after the irradi-
ation.

However, the EEPs may have been evoked by stray currents
that stimulated functioning neurons some distance from the
irradiated area. To eliminate this possibility, we removed the
normal retina surrounding the degenerated area by retinec-
tomy. Our findings showed that EEPs of the same amplitude
and thresholds could still be elicited. Thus, we conclude that
the EEPs were not elicited by stray currents (Figs. 3C-F). In
addition, these findings demonstrate that the degenerated arca
with our parameters of photocoagulation was large enough to
evaluate the effect of the STS system.

After retinectomy

50 v
1000

implicit Implicit time
time{ms) {ms)

F2
Current
{1A)
retinectomy)

{before (after
1054130 84+91 plpsis

P Value

retinectomy)

30 msec
750 11.7+4.7 129448 P'=0.716
500 122451  11.0+58
400 14.0+5.8 11.4+6.0 P'=0.058

The shapes of the EEPs in our rabbits were different from
those of RCD1,?%?? which may be because of the differences in
retinal prosthesis, the number of stimulating electrodes, and
the current densities.

Earlier studies®* 3 reported that an intravenous administra-
tion of either monoiodoacetic acid (IAA) or sodium iodate
(NalO3) can damage the retina. IAA is well known to be
retinotoxic and to damage the photoreceptors selectively,?> %7
and the damage of the inner retinal layer is much less severe
than that of the outer retinal layers.***® However, the effect of
this toxin is uneven among individuals and occasionally even
between the eyes of the same animal.*® Liang et al.*® injected
IAA intravenously at a dose of 20 mg/kg into 23 rabbits and
found a uniformly decreased ONL in only 3 eyes, partial dam-
age of the ONL in 9 eyes, and no change in 11 (48%) eyes.
Because a dose of 20 mg/kg IAA is relatively high and results in
a high mortality (20%),?® increasing the dose of this drug to
damage the ONL more uniformly is not practical. Our method
has the advantages that a predominant outer retinal degenera-
tion can be created with almost 100% certainty.

There are many reports®®>* on the NalOs-induced retinal
degeneration. Sorsby®' injected different concentrations of
NalO; (10-60 mg/kg) into rabbits intravenously and con-
cluded that an incidence of 100% of retinal lesions was attained
at a dose of 25 mg/kg. But he did not evaluate the size of the
lesions. In another study®? an injection of NalOj; at a dose of 25
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mg/kg into rabbits intravenously caused patchy RPE degener-
ation and photoreceptor degeneration.

Injection of NalOj, at a dose of 40 mg/kg which is the most
commonly used concentration for functional evaluations of
retinal prostheses®**® caused apoptosis in the photoreceptor
layer and in the INL at 1 week after the injection and apoptosis
in the GCL at 3 weeks. A severe apoptosis of the GCL was
noted 4 months after the injection.®® In another study,?* an
injection of NalO, at a dose of 40 mg/kg led to a reduction of
76% in the a-wave and of 67% in the b-wave amplitudes of the
control subjects.

In contrast to NalO;, the retinal degeneration of our model
was limited and uniform and large enough for a functional
evaluation of a retinal prosthesis. Our model at 1 year (group 2)
showed that the cell counts in the GCL were not significantly
different (P = 0.903; Table 1). More important, we were able
to elicit EEPs by STS electrode at 1 year after the irradiation
(Fig. 10). Thus, our model can be used as a retinal degenera-
tive model for testing retinal prostheses for at least 1 year after
irradiation.

A recent study® demonstrated that phased tissue remodel-
ing and functional reprogramming of the neural retina may
occur in degenerative diseases such as retinitis pigmentosa.
However, most studies on developing a degenerative model
including our model did not investigate the possibility of neural
reprogramming, and more investigations are needed to con-
firm tissue remodeling and functional reprogramming of the
neural retina in degenerative retinal models.

In conclusion, we succeeded in developing a middle-sized
animal model of photoreceptor degeneration, Qur model will
help to determine the optimal stimulus parameter to elicit EEPs
in degenerated retinas by STS electrode. In addition, these
parameters may be helpful to elicit phosphenes from patients
with RP. This middle-sized animal model is easy to handle and
to be created, and should be helpful to evaluate not only the
STS system but also other types of retinal prostheses including
subretinal and epiretinal stimulations.
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Purpose: To investigate the structural changes in the photoreceptors by adaptive optics (AO)
fundus imaging and Fourier-domain optical coherence tomography (FD-OCT) in eyes with
occult macular dystrophy (OMD).

Design: Observational case reports.

Methods: Eight eyes of four patients who were diagnosed with OMD were examined. All eyes
had a complete ophthalmological examination. Multifocal electroretinograms (mfERGs) were
recorded from all eyes. AO and FD-OCT images of foveal photoreceptors were obtained.
Results: The best-corrected visual acuity (BCVA) of these eyes ranged from 20/20 to 20/200,
and the ocular fundus was normal by conventional ocular examination in all eyes. The amplitudes
of the mfERGs were decreased in the foveal area. The inner and outer segment (IS/OS) junction
of the photoreceptors in the foveal area was disrupted. The IS/OS junction was intact in one
eye with a BCVA of 20/20, and the outer segment layer between the IS/OS junction and retinal
pigment epithelium of the FD-OCT images was identified only in the center of the fovea. The AO
images showed patchy dark areas in all eyes, which indicated a disruption of the mosaic of
bright spots in the fovea.

Conclusion: Structural changes of photoreceptors in OMD patients were detected tangentially
by FD-OCT and en face by AO.

Keywords: Photoreceptors, OMD, images, retinal imaging

Introduction

Occult macular dystrophy (OMD) is a progressive hereditary macular dystrophy which
is characterized by reduced visual acuity with an essentially normal fundus and normal
fluorescein angiography.' Full-field electroretinograms (ERGs) are normal in OMD
patients, and only the focal macular ERGs and multifocal ERGs (mfERGs) recorded
from the macular area are reduced.?’

With advances in retinal imaging, it has become easier to detect anatomical changes
of the retina in eyes with OMD. Thus, Kondo et al reported a reduction of the retinal
foveal thickness measured by time domain optical coherence tomography (OCT) in
OMD patients,* and Brockhurst et al reported a thinning of the outer nuclear layer that
was measured by Stratus OCT in OMD patients.® Although the main site of the lesion
appeared to be the photoreceptor layer, abnormalities of the photoreceptors have not
been reported in imaging studies. This deficiency is probably because of the low axial

and transverse resolution of the imaging instruments.
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The axial resolution of the Fourier-domain OCT
(FD-OCT) is approximately 6 pum, which is significantly bet-
ter than the 10 um of standard OCTs. The external limiting
membrane (ELM) (first highly reflective line), photoreceptor
inner and outer segment junction (IS/OS) (second line), and
the retinal pigment epithelium (RPE) (fourth line) can all
be detected with an FD-OCT.* Disturbances of the IS/OS
junction have been reported in some retinal diseases, eg,
postoperative retinal detachment, central scrous chorioretin-
opathy, and retinal dystrophy, which could not be detected
ophthalmoscopically.”'*"* A disruption of the third highly
reflective line of the FD-OCT images has been reported in
cases of macular microhole."* Because the third line is con-
sidered to represent the outer segment of the photoreceptors
because of'its anatomical position, the disruption suggests an
alteration of the photoreceptor outer segments. However, the
origin of the third line has not been well investigated.

The adaptive optics (AO) fundus camera can obtain
images with a transverse resolution of <2 pum, which makes it
possible to resolve individual photoreceptors in living human
eyes.'*2* An increase in the cone spacing in retinas with cone
dystrophy can be detected by AO imaging,?*?! and the degree
of the increased spacing is consistent with the decrease in
visual function measured by mfERGs.? A disruption of the
third bright line of the FD-OCT images is reported to cause
a dark area in the AO fundus images.'*'®

The purpose of this study was to determine whether
the photoreceptor abnormalities in eyes with OMD can be
detected tangentially in the FD-OCT images and en face in
the AO fundus images.

Subjects and methods

Subjects

Eight eyes of four patients, who were diagnosed with OMD in
the Department of Ophthalmology, Osaka University School
of Medicine, were studied. The diagnosis of OMD was made
by the following findings: normal fundus, normal fluorescein
angiography, decreased visual acuity, normal full-field ERGs
for both rod and cone components, and reduced amplitude
of mfERGs in the central 5 degrees. All of the patients were
classified as having sporadic OMD because none reported
other family members with similar visual problems. Some
of the characteristics of these OMD patients are summarized
in Table 1.

The research protocol was approved by the Institutional
Review Board of the Osaka University Medical School, and
the procedures used conformed to the tenets of the Declara-
tion of Helsinki. After the nature and possible consequences

Tablel Clinical characteristics of examined patients
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Evaluation of photoreceptor by AO and FD-OCT

of the study were explained, a written informed consent was
obtained from all patients.

The mfERGs were recorded with the Veris Clinic system
(Mayo Co., Aichi, Japan) under standardized conditions. The
stimulus array consisted of 103 hexagons, and the luminance
of each hexagon was alternated between 200 cd/m? and
5 cd/m?. A cross sectional image of the retina was obtained
by a FD-OCT (RTVue-100; Optovue Inc., Fremont, CA).
Horizontal and vertical scans were made through the fovea
with a scan length of 6 mm. To improve the signal-to-noise
ratio, consecutive images were averaged with the built-in
software.

AO fundus images

The AO fundus images were taken through pupils dilated
with topical tropicamide (0.5%) and phenylephrine (0.5) and
the ciliary muscle paralyzed. A detailed description of the
custom-built AO fundus camera has been published,?* and
the principle of our flood illumination AO fundus camera is
similar to that reported by Roorda and Williams.'* Briefly,
the main components of the camera were a nematic liquid
crystal phase modulator (LCPM: X8267-12; Hamamatsu
Photonics, Hamamatsu, Japan), a Hartmann-Shack wavefront
sensor (HSWS: 28 x 28 lenslets; specially made by Topcon,
Co., Tokyo, Japan), and a scientific CCD digital camera
(C9100-02; Hamamatsu Photonics, Hamamatsu, Japan). The
wavefront sensor measured the ocular wavefront up to the
eighth Zernike order, and the phase modulator compensated
for the measured wavefront aberrations. The system is also
equipped with coaxial, 8-degree-wide viewing optics to
identify the location and orientation of the highly magnified
retinal images.

The retina was illuminated with a 2-ms flash (635-nm
wavelength) from a laser diode, and a retinal image was
obtained with a 6-mm diameter exit pupil. The patient
was instructed to fixate a target in the center of the field.
Frame-averaging was performed using custom software
(Topcon) to improve the quality of the image. Overlapping
images were merged using Photoshop (Adobe Systems Inc.,
San Jose, CA).

Results

The age of the patients ranged from 38 to 48 years. The
best-corrected visual acuity (BCVA) at examination ranged
from 20/200 to 20/20. None of the patients had an episode
of sudden loss of visual acuity. The duration of decrease of
vision ranged from 3 months to 3 years; six eyes out of eight
had a central relative scotoma by Goldmann perimetry.

Multifocal ERGs

The amplitudes of the mfERGs in the central area were
reduced in all eyes. The area of the decreased amplitude

varicd among eyes (Figure 1).

FD-OCT

All eyes showed a disruption of the IS/OS line except the
left cye of patient 3 who had a visual acuity of 20/20; mean-
while the IS/OS line and the third line are easily identifi-
able in normal control. Both eyes of patients 1 and 2 had a
severe disruption of IS/OS line in the center of the fovea,
and both had a low-intensity space between the elevated

Wi S Vv
W N e e m Sae S

NP Y SR AN P TE
= A J\%m% u\wﬂw/\%/\n i

) AN W Wan Nene e A~
N Phn mAm A e A Soen WA S
i e Y T 4 o VARV VTR, DUSIY , Voo
i e Y N e AR £ PRI, PN, WISy W, S
Wine s e A Al il N e N e
A A Sl s A e aA A A A e
AMns M S M e s A A A SN
B A AV T N Y VA VNN L Wy Yo
e M e AR e A WS N AN A A
A i AUV, VL, POV, UV VS VO

l%_* N o Aflem A e S

. At wflpn AR e AT N
e Aar Ve WA Ve e A Ve
W M AN Ve A Ve e e A A
N Nas Are N N N A e e e e
B T Y Y T A e V2 s Sl A Vo L VY| VNPV | Py
M AN Vo A N S A e S S e
N W A N N e A N S S
N Vs N A e N A e S Ve N
M Are A e e e e e e e
N N S A e S Nar e N
'!ﬂ%_‘ Wr N N s e W

Figure | (Continued)

Clinical Ophthalmology 201 1:5

submit your manuscript | wewdoveneas oo 3

Dovepress



Kitaguchi et al

Dovepress

W e WA AN aA A
v Ve WA Afe A e WA A WA
Mwmwwwmw-\f\”wf\w
WA Ar AP W e WA e A Ve W W
AP N W oy e e AW e A A M
A ek A WA i e Ay e AW v Wy
e Wy WA MR e W WAL WA A WA
UV SR USRI VIRV Y WO SN WOV DIPY L Yo
B RV SR e T o T AUV VRV PN AU
A A M WA e WMo A WU e
%.:% B T N AV VAT
B A N 4 T N AT
I el AV A VR N AV SRV A
b N A A e W YA e e A
AW A A s et A e e A A A
B S i e B e I W AU L YRV (P
R N e e T e e i VRV VU VIRV, [ YW
B e e e e s e e v W
WWWWMWWMWWW
AW A e e e A A

N A As Ne

Figure | Multifocal electroretinogram (ERGs) of right and left eye of patient |
(A, B), patient 2 (C, D), patient 3 (E, F), and patient 4 (G, H). Foveal amplitudes
are decreased in all eyes. Especially in patient 3, amplitudes are attenuated widely
including ring 5 and 6, although full-field ERG showed normal amplitude.

external limiting membrane (ELM) and the retinal pigment
epithelium (RPE) (Figures 2B-2E). In patient 3, the IS/
OS line and the RPE line were disrupted, and the retina
was thinner (Figures 2F and 2G). The outer segment layer
between the IS/OS line and RPE line of the FD-OCT images
was visible only in the center of the fovea in the left eye of
patient 4 (Figure 21).

AO fundus images
The AO images showed patchy dark areas in all eyes,
which disrupted the mosaic of bright spots in the fovea
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Figure 2 (Continued)
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