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TaBLE 2. Preoperative VF(Q-25 Composite Score and 12 Subscales in the Patients with Vitreoretinal Disorders and the Normal Control Subjects

VFQ-25 Scores NC PDR DME BRVO CRVO MH ERM
General health 57.8 (19.0) 39.1 (19.6)* 44.1 19.Dt 40.0 12.9t 47.9 7.9 51.2 (17.9)% 55.3 (15.0)
General vision 71.6 (14.8) 44.2 21.2° 46.3 (18.1)° 44.0 21.1)* 51.7 1.1t 56.2 (17.2) 53.9(17.7*
Ocular pain 80.6 (15.2) 75.1 (22.3) 73.4 (20.6) 73.1 (20.0) 78.1 (20.7) 82.1 (17.9) 76.1 (17.2)
Near activities 81.8 (14.1) 44.2 22.6)* 46.5 21.1)° 444 (048" 54.9 (22.6)* 59.5 (19.6) 57.1(17.3)°
Distance activities 82.3 (13.5) 48.1 (22.8)* 51.5 (24.3)° 53.5 (18.5)* 56.3 (22.8)* 64.9 (21.3)* 60.7 (14.7*
Social functioning 90.9 (11.1) 59.5 (24.2)° 55.6 27.7)* 61.3 (19.9)" 66.7 (19.5)° 78.0 (19.3)° 71.6 19.3)*
Mental health 87.0 (13.6) 43.6 (23.8)* 44.4 (25.8* 50.9 (23.3)* 52.1 (29.0* 69.3 (18.3)* 64.8 (16.6)*
Role difficulties 84.9(15.9 52.9 (26.0)* 53.3 (29.3)" 48.8(25.9)° 58.3 (24.6)* 72.6 (23.0)t 67.0(17.3»
Dependency 95.509.9) 53.3 (29.7)* 55.3 31.7)* 62.5 (26.3)* 66.7 (23.3)° 83.1 (18.2)° 77.5Q7.7
Driving 83.5 (12.3) 41.7 (34.2° 45.4 (34.5)° 42.7 (28.9)° 57.5 (23.7)* 75.0 (19.2) 61.5 (23.0)°
Color vision 94.0 (10.7) 69.5 (25.2)* 68.4 (23.7)* 70.0 (20.8)* 68.8 (24.1)* 86.6 14.9)t 79.5 (14.6)*
Peripheral vision 82.5 (18.6) 46.6 (23.3)* 45.4 (26.5)° 46.3 (18.6)* 54.2 (20.9)* 67.9 20.9t 67.4 (17.1)°
Composite score 85.0(9.1) 52.8 (19.0)* 53.0 (20.5)* 54.7 (15.5)* 60.4 (17.6)* 71.2 (14.3)* 66.9 (10.5)*

Data are expressed as the mean (SD). NC, normal control subjects. P, significantly different from the normal controls (Mann-Whitney’s U test).

* P < 0.0001.
1P < 0.01.
$ P < 0.05.

scores, composite scores, and age among vitreoretinal disorders. The
relationship between the preoperative and postoperative VFQ-25 com-
posite scores and between the preoperative scores and changes in the
VFQ-25 composite scores were examined with the Pearson’s correla-
tion coefficient. Before and after surgery, multiple regression analysis
was performed to investigate the relationship between various explan-
atory variables and VFQ-25 composite scores. Variables tested were
better-seeing BCVA, worse-seeing BCVA, better-seeing CS, worse-see-
ing CS, and severity of metamorphopsia. The relationship between
changes in the VFQ-25 composite score and changes in the explana-
tory variables was also evaluated. All tests of association were consid-
ered statistically significant at P < 0.05 (StatView, ver. 5.0; SAS Inc.,
Cary, NO).

RESULTS

Table 1 summarizes the background data of the normal control
subjects and the patients with vitreoretinal disorders. The
patients in the RD group were significantly younger than those
in the other groups (P < 0.05, Fisher’s PLSD). Among the 299
patients with vitreoretinal disorders, 24 were pseudophakic
and 275 were phakic; 180 patients underwent combined cat-
aract surgery and vitrectomy. Fifty-two eyes had vitreous hem-
orrhage (42 eyes with PDR, 7 eyes with BRVO, 2 eyes with RD,
and 1 eye with RD).

Vitrectomy significantly improved VFQ-25 composite score
in all vitreoretinal disorders except for RD in which preoper-
ative VFQ-25 was not tested (Fig. 1). Change in the VFQ-25
composite score was significantly higher in eyes with vitreous
hemorrhage (15.0 = 11.4) than in eyes without vitreous hem-
orrhage (7.8 = 10.7). The results of pre- and postoperative
VFQ-25 composite scores and 12 subscales in the patients with
each vitreoretinal disorder and the normal control subjects are
shown in Tables 2 and 3, respectively. The preoperative
VFQ-25 composite score was significantly lower in the patients
with vitreoretinal disorders than in the normal control sub-
jects. In addition, the postoperative VFQ-25 composite scores
remained significantly lower in the patients with disease than
in the normal control subjects.

The box-and-whisker plots of the VFQ-25 scores in each
group are displayed in Figure 2. The preoperative VFQ-25
composite scores in the patients with MH and ERM were
significantly higher than those in the patients with PDR, DME,
and BRVO. The postoperative VFQ-25 composite scores in the
patients with the MH, ERM, and RD were significantly higher
than those in the patients with PDR, DME, BRVO, and CRVO.
Changes in the VFQ-25 composite scores in the patients
with ERM were significantly larger than those in the patients
with DME.

Tasie 3. Postoperative VFQ-25 Composite Score and 12 Subscales in the Patients with Vitreoretinal Disorders and the Normal Control Subjects

VFQ-25 Scores NC PDR DME BRVO CRVO MH ERM RD
General health 57.8(19.0) 39.0(20.6* 46.7(16.6t 43.8(16.0)t 41.7(163) 53.6(17.1 55.3 (15.0) 54.2 (16.6)
General vision 71.6(148) 61.6(17.6)* 53.2(18.2* 56.0(19.00t 60.0(19.Dt 69.0 (14.1) 69.1 (11.3) 70.7 (14.9)
Ocular pain 80.6(15.2) 79.0(19.6) 75.7 (20.3) 73.6 (19.0) 83.3 (13.9 84.8 (16.0) 87.9(11.9% 824147
Near activities 81.8(14.1) 55.6(22.1)* 53.5(21.0* 63.3(17.6)* 646(19.2t 702188t 71.0(18.2)Ff 753 (@17.3)%
Distance activities 823 (13.5) 58.8(20.7)* 53.7(23.6)* 63.8(17.6) 618(17.2)t 722194t 734060t 75.6(A6.Dt
Social functioning  90.9 (11.1)  74.6(72.7)* 622(25.6°* 70.0(183)* 67.7 (84" 82.7 (15.6)t 83.009.3) 88.2 (14.9)
Mental health 87.0(13.6) 59.1(23.1)* 549262 57.5(25.1)* 589(25.2)" 76.6 (14.1)*  78.4(3.Dt  77.5(184)t
Role difficulties 849(15.9) 62.6(23.9* 57.9(293) 60.6(25.4)° 625(27.2)t 786(21.8) 76.5 (20.00f  78.5(24.3)
Dependency 95.509.9 66.3(25.7)* 63.6(31.8° 73.2(183 70.1(22.9" 85.7 (19.2)° 88.9 (11.0) 87.2(17.3)t
Driving 83.5(123) 54.5(33.00* 47.1(353) 50.0(29.2)° 65.0(16.5t 78.6(12.6) 76.0 (16.9) 75.5 (24.0)
Color vision 94.0(10.7) 722(23.5* 71.1(27.0)* 76.3(20.6)* 72.9(16.7)* 85.7 (19.2)t 89.4(12.5+ 94.0(10.8)
Peripheral vision 82.5(18.6) 58.4(21.2* 54.6(23.1)* 60.0(20.5* 60.4(22.5f 75.8(19.3) 72.7A7.00t  72.2(21.0)t
Composite score 85.0(9.1) 63.6(17.5)* 59.0(21.0)° 64.9(5.0)* 66.4(11.0)* 79.2(13.00+ 78.5 8.9t 79.6 (14.2)+

Data are expressed as the mean + SD. NC, normal control subjects. P, significantly different from the normal control (Mann-Whitney’s U test).

* P < 0.0001.
t P < 0.01.
$ P < 0.05.
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FiGure 2. Boxandwhisker plots with
the top and bottom boundaries of the
boxes indicating the 75th and 25th per-
centiles, respectively. Whiskers above
and below the box indicate the 90th and
10th percentiles, respectively. (A) Preop-
erative VFQ-25 composite score in the
patients with vitreoretinal disorders. (B)
Postoperative VFQ-25 composite score.
(©) Changes in VFQ-25 composite score.
*P < 0.0001; +P < 0.01; $P < 0.05.

Changes in VFQ-25 composite scose

(¢]

When scores of all the patients with vitreoretinal disor-
ders were analyzed, the preoperative VFQ-25 composite
score correlated significantly with postoperative VFQ-25
composite score (r 0.799, P < 0.0001, Fig. 3A) and
changes in the VFQ-25 composite score (r = 0.549, P <
0.0001, Fig. 3B). The preoperative VFQ-25 composite score
correlated significantly with the postoperative VFQ-25 com-
posite score in each group (Table 4). In addition, the pre-
operative VFQ-25 composite score correlated significantly
with changes in the VFQ-25 composite scores in the PDR,
CRVO, MH, and ERM groups (Table 4).

Table 5 shows pre- and postoperative visual function in
the patients with each disorder. Vitrectomy significantly
improved BCVA and CS in all the disease groups except
CRVO. The surgery significantly improved metamorphopsia
in MH and ERM.

Tables 6, 7, and 8 summarize the results of multiple regres-
sion analysis on the relation between the VFQ-25 composite
score and several explanatory variables, including visual func-

PDR DME BRVO CRVO MH

20

ERM PDR DME BRVO CRVO MH ERM RD

PDR DME BRVO CRVO MH ERM

tion parameters. The preoperative better-seeing BCVA exhib-
ited significant correlation with the preoperative VFQ-25 com-
posite score in the patients with PDR and DME. In ERM, the
preoperative severity of metamorphopsia showed significant
correlation with the VFQ-25 composite score (Table 6). After
surgery, the better- and worse-seeing BCVAs exhibited signifi-
cant correlation with the postoperative VFQ-25 composite
score in the patients with PDR. The postoperative severity of
metamorphopsia showed significant correlation with the
VFQ-25 composite score in MH and ERM. In the patients with
RD, the postoperative VFQ-25 composite score correlated sig-
nificantly with the postoperative worse-seeing CS (Table 7). In
MH and ERM, changes in the severity of metamorphopsia were
significantly relevant to changes in the VFQ-25 composite
score, but changes in other variables were not, including BCVA
and CS. In addition, changes in the VFQ-25 composite score
exhibited significant correlation with CS, not with BCVA in the
patients with PDR and DME (Table 8).
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FIGURE 3. (A) The preoperative 23 5 g -30
VFQ-25 score versus postoperative
=0.799 =-0.
VFQ-25 composite score in all the 10 ;<o.0001 -40 ;<2£§
patients. (B) Preoperative VFQ-25 0 .50 —_— . =
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TaBLE 4. Relationship between Preoperative and Postoperative
VFQ-25 Composite Scores and Changes in the Scores

Preoperative and
Postoperative VFQ-
25 Composite Score

Preoperative and
Changes in VFQ-25
Composite Score

r P r P
PDR 0.757 <0.0001* —0.374 <0.0001*
DME 0.753 <0.0001* —0.251 0.130
BRVO 0.795 <0.0001* —0.364 0.116
CRVO 0.687 <0.05* —0.783 <0.005*
MH 0.833 <0.0001* —0.418 <0.01*
ERM 0.611 <0.0001* —0.624 <0.0001*

* Significantly different (Pearson’s correlation coefficient).
y

DiscussioN

In our present study, pre- and postoperative VR-QOL was
assessed using VFQ-25 in the patients with various vitreoretinal
disorders. The level of pre- and postoperative VR-QOL as well
as changes in VR-QOL showed a wide variation depending on
the type of disease. The VFQ-25 used in this study was a
Japanese version, with modifications to suit the Japanese. One
item was changed to make it more appropriate to the Japanese
lifestyle and culture. The modified NEI VFQ-25 questionnaire
has been assessed for reliability and validity, and it has been
shown to accurately measure VR-QOL in Japanese individu-
als.**> The VFQ-25 composite scores in our results were similar
to those in the study using the original NEI VFQ-25 in patients
with MH, ERM, DME, and CRVO.%'>'>23 When the preopera-
tive VFQ-25 composite scores were compared among vitreo-
retinal diseases, we found that they were relatively high in MH
and ERM, whereas those in PDR, DME, and CRVO tended to be
lower. In addition, postoperative VR-QOL was relatively high in
MH, ERM, and RD, but low in PDR, DME, BRVO, and CRVO.
Such polarization can be attributed to the characteristics of
individual vitreoretinal disorders. PDR and DME usually affect
both eyes, and visual performance in these patients is often
inferior to that in patients with other vitreoretinal diseases.
VR-QOL in PDR and DME was found to be poorer because
VR-QOL was also significantly influenced by the visual perfor-
mance of the fellow eyes. Hariprasad et al.?> demonstrated that
the VFQ-25 composite score of patients with DME was similar
to that of individuals with age-related macular degeneration,
but lower than that of patients with type 1 diabetic retinopa-
thy, glaucoma, and cataracts. On the other hand, MH, ERM, and
RD are generally unilateral, and the visual performance of
patients’ fellow eyes remained unaffected. For this reason,
preoperative VR-QOL in the patients with these unilateral dis-

IOVS, February 2010, Vol. 51, No. 2

eases was rather high. As for patients with BRVO and CRVO
who undergo vitrectomy, visual function, including visual acu-
ity and visual field, is significantly decreased in many cases and
thus it is not surprising that VR-QOL in these patients is also
decreased compared with patients with MH and ERM.

As shown in the results, VR-QOL on each vitreoretinal disorder
was significantly improved by vitrectomy. Previous studies have
reported improvement in VR-QOL after ophthalmic surgery, such
as cataract surgery, photorefractive excimer laser keratectomy,
laser in situ keratomileusis and vitrectomy for PDR, ERM, MH, and
age-related macular degeneration.'®1213:15:1624-27 15 thjs study,
we compared the changes in the VFQ-25 composite scores
among vitreoretinal disorders and found a statistically significant
difference between ERM and DME. The preoperative VFQ-25
composite score in ERM was significantly lower than that in MH,
but increased to a level similar to that of MH after surgery. Gupta
et al.*® used quality-adjusted-life-years (QALYs) methods to inves-
tigate VR-QOL in patients with ERM and reported that vitrectomy
for ERM was a highly cost-effective procedure. The cost-effective-
ness ratio of ERM surgery was higher than that of MH surgery. In
MH, the preoperative VFQ-25 composite score was relatively
high, and thus surgery-induced improvement in VR-QOL re-
mained rather small. In PDR, the VFQ-25 composite score gained
considerable increases by surgery, 10.8 points, but a wide varia-
tion was observed among patients. In DME and CRVO, we found
that changes in the VFQ-25 composite score due to vitrectomy
were 5 points or less. Thus, effectiveness of vitrectomy in these
diseases may be relatively low.

Postoperative VR-QOL, even after successful vitrectomy in
each vitreoretinal disorder, did not reach the level of that in the
normal control subjects. This finding is consistent with the
results of previous case- control studies on VR-QOL in retinal
disorders such as rhegmatogenous retinal detachment and pro-
liferative diabetic retinopathy.’®'! These results indicate the
importance and need for further improvement in surgical tech-
niques and procedures, reviewing the timing of treatment,
establishing means of early recognition and treatment, and
considering effective prophylactic measures. When the scores
were analyzed in the patients with vitreoretinal disorders alto-
gether, preoperative VR-QOL was significantly associated with
postoperative VR-QOL as well as changes in VR-QOL. It is
suggested that surgical treatment should be considered as early
as possible after a vitreoretinal disorder is recognized, so that
vitrectomy can be performed to prevent further deterioration
of the patient’s VR-QOL.

Multiple regression analysis revealed that the preoperative
better-seeing BCVA correlated significantly with the preopera-
tive VFQ-25 composite score in the patients with PDR and
DME, in agreement with previous reports.'**® Miskala et al.*®
investigated VR-QOL in patients with subfoveal choroidal neo-
vascularization using VFQ-25, and demonstrated that changes

TABLE 5. Preoperative and Postoperative Visual Function in the Patients with Vitreoretinal Disorders

BCVA (o] Metamorphopsia
Preoperative Postoperative Preoperative Postoperative Preoperative Postoperative

PDR 1.37 £ 0.75 0.53 * 0.62* 5472 140+7.9*

DME 0.76 * 0.49 0.55 + 0.511 92*6.5 127 £7.1*

BRVO 1.25 £ 0.63 0.38 + 0.38t 6.5 * 6.9 15.5 = 6.9t

CRVO 1.23 £ 0.59 1.14 = 0.47 27*6.1 3.9 %65

MH 0.76 % 0.38 0.49 * 0.33* 143+ 7.1 18.5 * 4.3t 0.92 * 0.52 0.42 * 0.37*
ERM 0.47 £ 0.29 0.22 + 0.28* 150 £5.2 19.0 £ 5.2* 0.83 = 0.48 0.34 * 0.42*
RD 0.55 * 0.65 0.15 *+ 0.24* 174+ 34 19.7 = 3.9t

Data are expressed as the mean * SD. P, significantly different from the preoperative values (Wilcoxon signed-ranks test).

P < 0.0001.
1P <0001
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TaBLE 6. Results of Multiple Regression Analyses of Preoperative Composite Score and

Explanatory Variables
BCVA Ccs
Better-Seeing  Worse-Seeing  Better-Seeing  Worse-Seeing  Metamorphopsia

PDR 0.012* 0.215 0.969 0.672 —

DME 0.004* 0.594 0.187 0.943 -

BRVO 0.552 0.490 0.234 0.535 -

CRVO 0.244 0.729 0.664 0.702 —

MH 0.308 0.598 0.061 0.430 0.106

ERM 0.362 0.340 0.165 0.705 0.049°

Objective variable is the preoperative VFQ-25 composite score; explanatory vatiables are preopera-
tive betterseeing BCVA, preoperative worse-seeing BCVA, preoperative better-seeing letter CS, preoper-
ative worse-seeing CS, and preoperative metamorphopsia.

* Significant at P < 0.05.

in the overall and subscale scores were linearly related to
changes in visual acuity of the betterseeing eye but are not
associated with changes in the worse-seeing eye. In ERM,
preoperative severity of metamorphopsia showed significant
correlation with VFQ-25 composite score, whereas preopera-
tive visual acuity and CS showed no relationship with VFQ-25
composite score. This observation is not consistent with the
result of a previous study by Ghazi-Nouri et al.,*® in which
VFQ-25 responses significantly correlated with visual acuity,
but not with CS and metamorphopsia in patients with ERM.
Such discrepancy between our and prior studies may be attrib-
utable to the different methodology used to evaluate metamor-
phopsia. In previous studies, the severity of metamorphopsia
was estimated using the Amsler charts, whereas we used the
M-Charts to quantitatively record the severity of metamorphop-
sia in this study. With the Amsler chart, precise and reproduc-
ible assessment of metamorphopsia is difficult because patients
have to self-describe the extent and degree of image distortion.
On the other hand, the M-Charts can evaluate the degree of
metamorphopsia quantitatively, since patients need simply to
indicate whether the dotted line is distorted.

Multiple regression analysis revealed that the postoperative
better- and worse-seeing BCVAs correlated significantly with
the preoperative VFQ-25 composite score in the patients with
PDR. These results are consistent with those in a previous
report that assessed the relationship between postoperative
BCVA and VFQ-25 score in the patients with PDR by simple
regression analysis.'® In PDR, the mean visual acuity in the
better-seeing eye deteriorated considerably, and the difference
between the betier- and worse-sceing cyes was small. This
slight difference seems to be the reason that VFQ-25 score
correlated with the visual function not only in the better-seeing
eye but also in the worse-seeing eye.

By multiple regression analysis, we found that change in the
severity of metamorphopsia was the single factor relevant to
VR-QOL in the patients with MH and ERM, while visual acuity
and CS were not relevant factors. Until now, there has been no
report that showed a significant relationship between in-
creases in VR-QOL and improvement in visual function in
patients with MH and ERM. Our results indicated that meta-
morphopsia plays a key role in the deterioration of visual
functioning and VR-QOL in patients with MH and ERM.

As the results showed, changes in the VFQ-25 composite
score exhibited significant correlation with CS, not with BCVA
in the patients with PDR and DME. In several investigations of
QOL outcomes after ocular surgery, only a weak or no corre-
lation was observed between increases in QOL and improve-
ment in visual acuity.**3° Visual acuity can be a poor predictor
of many aspects of visual function.>'** CS has been shown to
correlate with various aspects of activities requiring vision,
including orientation, mobility, reading speed, and driving.>>*
Carta et al.>® reported that CS was strongly associated with
VR-QOL, even with adjustment for visual acuity among oph-
thalmic patients with chronic eye conditions such as age-
related macular degeneration. In the patients who underwent
retinal detachment surgery, the postoperative VFQ-25 compos-
ite score correlated significantly with CS and low-contrast vi-
sual acuity, whereas there was no correlation between the
VFQ-25 composite score and BCVA.'! In other studies, VFQ-25
responses correlated with CS as well as visual acuity in patients
with diabetes mellitus and age-related macular degenera-
tion.2¢ It is noteworthy that improvement in CS was signifi-
cantly associated with increases in VR-QOL in the patients with
PDR and DME in our study.

Our study had several limitations. First, the sample size was
rather small, especially the number of patients with BRVO and

TABLE 7. Results of Multiple Regression Analysis on Postoperative VFQ-25 Composite Score and

Explanatory Variables
BCVA cs
Better-Seeing  Worse-Seeing  Better-Seeing  Worse-Seeing  Metamorphopsia

PDR 0.033* 0.005* 0.824 0.311 —

DME 0.008* 0.337 0.067 0.871 —

BRVO 0.802 0.284 0.998 0.960 —

CRVO 0.752 0.992 0.742 0917 -

MH 0.066 0.007* 0.903 0.437 0.005*
ERM 0.128 0.097 0.412 0.250 0.048°

RD 0.181 0.891 0.968 0.047° -

Objective variable is the postoperative VFQ-25 composite score; explanatory variables are postoper
ative better-seeing BCVA, postoperative worse-seeing BCVA, postoperative betterseeing letter €8, post-
operative worse-seeing C8, and postoperative metamorphopsia.

* Significant at P <X 0.05.
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TaBLE 8. Results of Multiple Regression Analysis on Changes in
VFQ-25 Composite Score and Explanatory Variables

Changes in
BCVA CcS Metamorphopsia
PDR 0.273 0.003* -
DME 0.176 <0.0001* —
BRVO 0.716 0.056 -
CRVO 0.609 0.288 —
MH 0.260 0.145 0.013*
ERM 0.993 0.328 0.009*

Obijective variable, changes in VFQ-25 composite score; explana-
tory variables, changes in BCVA, changes in letter CS, and changes in
metamorphopsia.

* Significant at P < 0.05.

CRVO, and that may have influenced the VFQ-25 measure-
ments. Second, postoperative follow-up was short. We evalu-
ated the patients at 3 months after surgery. It has been re-
ported that the VFQ-25 score in the patients with ERM
improved more at 1 year than at 3 months after surgery.'
Thus, long-term investigations of patients after vitrectomy may
yield different results regarding VR-QOL. Third, there may be
some placebo effect in VFQ-25 measurements. The patients
obviously recognized that they had surgery and may have
answered postoperative VFQ-25 questions more positively
with an expectation that they would benefit from the surgery.
This effect cannot be avoided in designing the study, but it
could account for some of the improvements in the VFQ-25
scores. Future studies with a larger sample size and longer
follow-up period, with some attempt to avoid the placebo
effect, will further facilitate our understanding of VR-QOL in
patients undergoing surgery for vitreoretinal disorders.
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Physiology and Pharmacology

Pharmacokinetics of Bevacizumab and Its Effect on
Vascular Endothelial Growth Factor after Intravitreal
Injection of Bevacizumab in Macaque Eyes

Taichiro Miyake,"*> Osamu Sawada," Masashi Kakinoki,' Tomoko Sawada,’
Hajime Kawamura,' Kazumasa Ogasawara,” and Masabhito Obji'

Purrose. To evaluate the pharmacokinetics of intravitreally
injected bevacizumab in the systemic circulation and the aque-
ous humor and its effect on vascular endothelial growth factor
(VEGP) in the aqueous humor.

MEeTtHODS. Bevacizumab (1.25 mg/50 pL) was injected into the
vitreous cavity of the right eyes of three cynomolgus ma-
caques. Aqueous humor and serum were obtained from the
macaques just before injection and on days 1, 3, and 7 and
weeks 2, 4, 6, and 8 after injection. The bevacizumab and VEGF
concentrations were measured using enzyme-linked immu-
nosorbent assay.

Resurts. Aqueous VEGF concentrations ranged from 63.2 to
106 pg/mL (mean, 80.0 *= 22.6 pg/mL) before injection; de-
creased to <31.2 pg/mL, the lower limit of detection, in all
eyes between 1 and 28 days after injection; and returned to the
preinjection concentration at 42 days. Aqueous VEGF concen-
trations in the fellow eyes did not change throughout the
experiment. Aqueous bevacizumab concentrations in the
treated eyes reached a mean peak concentration of 49,500 *
10,900 ng/mL the day after injection and gradually declined,
whereas those in the untreated eyes peaked at 3 days, with a
mean concentration of 18.5 * 25.5 ng/mL, and declined to
below 0.156 ng/mL, the limit of detection at 2 weeks. A
maximum mean bevacizumab concentration of 1430 * 186
ng/mL was achieved in the serum 1 week after injection.

Concurusions. Intravitreal injection of bevacizumab decreased
the VEGF concentration in the treated eyes for at least 4 weeks
and had no or a minimal effect on the untreated fellow eyes.
(Invest Opbthalmol Vis Sci. 2010;51:1606-1608) DOI:10.1167/
iovs.09-4140

Bevacizumab (Avastin; Genentech, South San Francisco, CA) is
a fulllength humanized monoclonal antibody to all isoforms
of vascular endothelial growth factor (VEGF) and has been ap-
proved by the Food and Drug Administration for intravenous
treatment of metastatic colorectal cancer. Recently, intravenous
injection of bevacizumab was reported to be effective for treating

From the Departments of 'Ophthalmology and *Pathology, Shiga
University of Medical Science, Otsu, Shiga, Japan.

Supported in part by Grant 21592255 from the Ministry of Edu-
cation, Culture, Sports, Science and Technology of Japan and a grant
from the Ministry of Health, Labour and Welfare.

Submitted for publication June 13, 2009; revised August 14, 2009;
accepted September 27, 2009.

Disclosure: T. Miyake, None; O. Sawada, None; M. Kakinoki,
None; T. Sawada, None; H. Kawamura, None; K. Ogasawara, None;
M. Ohji, None

Corresponding author: Taichiro Miyake, Department of Ophthal-
mology, Shiga University of Medical Science, Setatukinowa, Otsu,
Shiga, Japan 520-2192; taitirou@belle.shiga-med.ac.jp.

1606

agerelated macular degeneration (AMD),"? whereas intravitreal
injection of bevacizumab has been used widely to treat various
ocular diseases including AMD and proliferative diabetic retinop-
athy.'> Although numerous reports about the efficacy of intrav-
itreal injection of bevacizumab have been published, few studies
have reported on the pharmacokinetics of bevacizumab. Bakri et
al.® reported the pharmacokinetics of intravitreal bevacizumab in
a rabbit model and clearly showed that the vitreous halflife of
1.25 mg intravitreal bevacizumab is 4.32 days in rabbit eyes, with
minute amounts of bevacizumab detected in the serum and the
fellow untreated eye. However, the study had some limitations
because of differences in vitreous volume and anatomy of human
eyes. Therefore, we used a primate model, which has several
advantages in that the ocular volume and anatomy are similar to
those of humans. We measured the VEGF and bevacizumab con-
centrations over time in the aqueous humor of the treated and the
untreated eyes after intravitreal injection of bevacizumab in cyno-
molgus macaques and the pharmacokinetics of bevacizumab in
the aqueous humor of the treated and untreated eyes and in the
serum.

METHODS

All treatments were conducted in agreement with the ARVO Statement for
the Use of Animals in Ophthalmic and Vision Research, and the animal
research was approved by the Animal Experimentation Committee at
Shiga University of Medical Science. Three male cynomolgus macaques,
aged 8 to 9 years and weighing 3.9 to 5.5 kg, were anesthetized with 5
mg/kg intramuscular ketamine hydrochloride and 1 mg/kg intramuscular
xylazine hydrochloride. Povidone iodine was placed on the conjunctiva of
each eye. With the use of a 29-gauge needle, bevacizumab (1.25 mg/50
L) was injected into the vitreous cavity of the right eye of each macaque.
The left eyes received no intravitreal injections and served as controls.
Both aqueous humor samples (200 nL) and venous blood samples (2 mL)
were obtained from the macaque just before injection and 1, 3, and 7 days
and 2, 4, 6, and 8 weeks after injection. Aqueous humor samples were
obtained with a 29-gauge syringe. Anterior chamber depth recovered at all
times when the samples were obtained. Serum was obtained by allowing
the blood sample to clot overnight at 4°C followed by centrifugation.
Samples were stored in a freezer at —80°C until analysis. The eyes were
monitored before injection and 1, 3, and 7 days and then weekly after
injection for signs of inflammation.

Measurement of VEGF

VEGF concentrations in the aqueous humor and the serum were
measured with a commercial immunoassay (Quantikine Human VEGF
Immunoassay; R&D Systems, Minneapolis, MN) according to the man-
ufacturer’s instructions. The limit of the detectable VEGF concentra-
tion was 31.2 pg/mL. We measured serum VEGF concentrations twice.
However, we measured VEGF concentrations in the aqueous humor
once because the sample volumes were small.

Investigative Ophthalmology & Visual Science, March 2010, Vol. 51, No. 3
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Ficure 1. VEGF concentrations in the aqueous humor of the monkey

eyes treated with bevacizumab. The 0 pg/mL VEGF concentration indi-
cates concentrations below the lower limit of detection (31.2 pg/mL).

Bevacizumab Immunoassay

The concentration of bevacizumab was measured using an enzyme-
linked immunosorbent assay, as previously described with slight mod-
ification.” Ninety-six-well plates were coated with recombinant human
VEGF 45 (R&D Systems) at a concentration of 1 ug/mL overnight at 4°C
(100 pl/well). After washing three times with phosphate-buffered
saline (PBS) containing 0.05% Tween-20, the wells were blocked with
3% bovine serum albumin/PBS overnight at 4°C (200 pL/well). The
wells then were washed five times with PBS containing 0.05%
Tween-20 and stored dry at 4°C for later use. Aqueous humor or serum
diluted in 0.1% bovine serum albumin/PBS was added to the plates
overnight at 4°C (50 plL/well). Bevacizumab was detected by horse-
radish peroxidase-goat anti-human IgG (H+L) conjugate (Invitrogen
Corporation, Carlsbad, CA) with a concentration of 1 ug/mlL after a
3-hour incubation at room temperature. After five washes, color devel-
opment was performed with 100-uL tetramethyl benzidine substrates
(3,3',5,5"-tetramethyl benzidine substrate), and the reaction was
stopped by the addition of 1 M hydrogen chloride (100 uL). Optical
density was measured at 450 nm with correction at 570 nm. A standard
curve was prepared, with bevacizumab ranging from 15.6 to 1000
pg/mL. Because the sample volumes were small, we diluted them to 10
times and performed the measurement. Therefore, the limit of the
detectable bevacizumab concentration was 0.156 ng/mL. We mea-
sured the bevacizumab concentration in each sample twice.

Statistical Analysis

All statistical analyses were carried out with a statistical analysis pro-
gram (SAS 9.1.3; SAS Institute Japan, Tokyo, Japan).

RESULTS

VEGF concentrations in the aqueous humor of the right eyes
ranged from 63.2 to 106 pg/mL (mean * SD, 80.0 * 22.6 pg/mL)
before intravitreal injection of bevacizumab. One day after injec-
tion of bevacizumab, the VEGF concentrations in the aqueous
humor decreased to <31.2 pg/mL, the lower limit of detection, in
all treated eyes. The concentration below the lower limit was
maintained until 4 weeks in all eyes (Fig. 1). VEGF concentrations
in the aqueous humor of the fellow untreated eyes (left eyes)
ranged from 57.9 to 108 pg/mL (mean, 89.4 * 27.5 pg/mL)
before intravitreal injection. There were no significant differences
between the treated and the untreated eyes before intravitreal
injection. VEGF concentrations in the aqueous humor of the
fellow eyes did not change (Fig. 2). VEGF concentrations in the
serum were <31.2 pg/mlL, the limit of detection, before intravit-
real injection of bevacizumab throughout the experiment.
Changes in the concentration of bevacizumab over time in the
aqueous humor of the treated and the untreated eyes and in the

Intravitreal Injection of Bevacizumab in Macaque Eyes
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FIGURE 2. Mean VEGF concentrations in the aqueous humor of the
fellow untreated eyes.

serum after intravitreal injection are shown in Figure 3. Bevaci-
zumab concentrations in the aqueous humor of the treated eyes
peaked at 49,500 * 10,900 ng/mL the day after injection and
gradually declined. Bevacizumab also was detected in the un-
treated eyes; however, the levels were very low. Concentrations
of bevacizumab in the aqueous humor of the untreated eyes
peaked 3 days after injection, with a mean concentration 18.5 =
25.5 ng/mL, and declined to <0.156 ng/mlL, the lower limit of
detection, at 2 weeks in all macaques. Bevacizumab was detected
in the serum after intravitreal injection, though the concentrations
were much lower than in the aqueous humor for 1 to 2 weeks
after intravitreal injection. A maximum concentration of 1430 *
186 ng/mL was achieved 1 week after injection and then gradually
declined. However, the reduction rate was lower than that in the
aqueous humor of the treated eyes, and the bevacizumab concen-
tration in the serum was higher than that in the aqueous humor in
the treated eyes at 4 weeks and thereafter. The bevacizumab
concentration in the serum 8 weeks after injection was 67.1+
24.3 ng/mL, which was approximately 187 times higher than that
in the aqueous humor of the treated eyes. The halflife of 1.25 mg
intravitreally injected bevacizumab was 2.8 * 0.6 days (n = 3;
range, 2.3-3.5 days) in the aqueous humor and 12.3 * 2.6 days
(n = 3; range, 9.2-14.1 days) in the serum. The area under curve
was 5680 * 2336 (ug/mL X h) in the aqueous humor and
526.2 = 17.1 (ug/mL X h) in the serum. No complications, such
as uveitis or endophthalmitis, developed after the bevacizumab
injections.

Bevacizumab concentration {(ng/ml)

0 7 2w 4w ew 8w
Time

i-—t— injected eye —®— uninjected eye —e— serum ]

FiGURE 3. Concentrations of bevacizumab in the aqueous humor of
the treated eye and in the serum after intravitreal injection.
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DiIscussIoON

Because we used a macaque model and obtained aqueous
humor samples repeatedly over time, we observed the VEGF
levels at different time points in the same macaque eyes. To our
best knowledge, this is the first study to report the time course
of the VEGF level in the same macaques. Although macaque
eyes are not the same as human eyes, VEGF levels in the
aqueous humor of the macaques before injection were similar
to those in human eyes.>”

Concentrations of bevacizumab in macaques also were similar
to those in humans.”® Therefore, the current results could be
applicable to human eyes. The only difference in the bevaci-
zumab concentrations between macaques and humans was that
the drug decreased in concentration in a shorter time in macaques
than in humans. Krohne et al® reported that the halfiife of an
intravitreal injection of 1.5 mg bevacizumab in humans was 9.82
days in the aqueous humor. However, in the present study, the
halflife of 1.25 mg bevacizumab was 3.1 days in the aqueous
humor. There are several explanations for this difference. First,
we observed the bevacizumab concentrations at different time
points in the same macaque eyes, whereas the same patients were
not observed in the clinical study. Second, we used naive ma-
caques in the present study, whereas the patients in the clinical
study had some diseases. Measuring the VEGF and bevacizumab
concentrations in the vitreous cavity rather than in the aqueous
humor seems to be better for evaluating the intraocular concen-

tration or the pharmacokinetics; however, it would be almost

impossible to obtain vitreous samples from the same eyes repeat-
edly. Therefore, we measured VEGF and bevacizumab concentra-
tions in the aqueous humor. The concentration in the aqueous
humor can be useful because the VEGF level in the aqueous
humor was reported to be significantly correlated with the VEGF
level in the vitreous.® Funatsu et al.'® measured VEGF and inter-
leukin (IL)6 levels in the aqueous humor, vitreous fluid, and
plasma and reported a significant relationship between VEGF and
IL-6 levels in the aqueous humor and vitreous fluid. The VEGF
level in the vitreous fluid was about five to six times higher than
in the aqueous humor. Because we clearly showed that the VEGF
concentration in the aqueous humor decreased substantially after
intravitreal injection of bevacizumab, the VEGF concentration in
the vitreous also should decrease substantially after intravitreal
injection of bevacizumab. In the present study, the VEGF level in
the aqueous humor fell below the lower limit of detection after
bevacizumab injection, similar to results reported in humans.’
The decreased concentration was maintained for approximately 4
weeks and returned to a Jevel similar to that before injection at 6
weeks after injection. Therefore, the effect of intravitreal injection
of bevacizumab is expected to continue for approximately 1
month in macaques; although we do not know the exact length
of time, the intravitreal injection of bevacizumab continued to be
effective for at least 1 month in humans.!

Aqueous humor concentrations of bevacizumab gradually
declined; however, low bevacizumab concentrations were de-
tected over 8 weeks after the intravitreal injection, and the
time course of the decreasing concentration in humans is
longer than in macaques, indicating that the effect might con-
tinue longer in humans.”® We previously reported that intrav-
itreal injection of bevacizumab did not decrease the VEGF level
in the aqueous humor of the fellow eyes and did not have as
great a beneficial effect as a direct intravitreal injection of
bevacizumab.'? However, because that was a clinical study, we
could not measure the VEGF concentration in the aqueous
humor of the untreated fellow eyes before intravitreal injection
of bevacizumab in the treated eye. Therefore, we could not
measure the exact decrease in those eyes.

In the present study, the VEGF concentrations in the aqueous
humor of the fellow eyes did not change throughout the experi-

IOVS, March 2010, Vol. 51, No. 3

ments, although a minute amount of bevacizumab was detected
in the fellow untreated eyes and peaked at 3 days with a concen-
tration of 18.5 ng/ml. Avery et al® reported that intravitreal
injection of 6200 ng bevacizumab decreased fluorescein leakage
in some cases. Because the vitreous volume is approximately 4
ml, an intravitreal injection of 6200 ng bevacizumab results in
approximately 1500 ng/mL in the vitreous fluid. According to a
previous study, the VEGF level in the vitreous fluid was approx-
imately five to six times higher than in the aqueous humor.'®
Therefore, 1500 ng/mL in vitreous is at least >250 ng/mL in the
aqueous humor. However, in the present study, only 18.5 ng/ml.
was detected, and it might have been too small to have an effect.
Bevacizumab was detected in the serum after intravitreal injec-
tion, though the concentrations were much lower than in the aque-
ous humor until 2 weeks after injection. Intravenous injection of
bevacizumab 2 mg/kg once weekly in macaques was not toxic after
26 wecks, and bevacizumab concentrations in the serum 1 week
after one intravenous injection of 2 mg/mlL bevacizumab were higher
than 10,000 ng/mL (interview form for bevacizumab, Chugai Oncol
ogy, Tokyo, Japan; avaikible only in Japanese). The maximum con-
centration in serum was 1430 * 186 ng/mlL, which is much lower
than 10,000 ng/ml.. Therefore 1.25 mg intravitreal injections of be-
vacizumab are not toxic systemically.

In conclusion, intravitreal injection of bevacizumab de-
creased the VEGF concentration in the treated eyes for approx-
imately 4 weeks but had no or a minimal effect on the un-
treated fellow eyes in macaques.
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VITRECTOMY FOR EXUDATIVE AGE-
RELATED MACULAR DEGENERATION
WITH VITREOUS HEMORRHAGE
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Purpose: The purpose of this study was to study the effect of pars plana vitrectomy
(PPV) for age-related macular degeneration with vitreous hemorrhage on choroidal neo-
vascularization (CNV).

Methods: A retrospective interventional case series in which 92 eyes with age-related
macular degeneration with vitreous hemorrhage that received PPV were studied. Among them,
60 eyes without pre- or posttreatment other than PPV were selected. Choroidal neo-
vascularization was expressed as the incidence of bleeding 6 months before and after PPV.
The status of CNV after PPV was compared and classified as worsened, remained, regressed,
disappeared, or unclassified. The influence of posterior vitreous detachment was examined.

Results: The incidence of bleeding was reduced dramatically after PPV (1.11 = 0.44 in
preoperative 6 months vs. 0.03 = 0.18 in postoperative 6 months, P < 0.0001). The status
of CNV improved in most cases; 40 of 54 classifiable eyes (74.1%) were categorized as
“‘regressed” or “disappeared.” Postoperative visual acuity was significantly better than
preoperative visual acuity (P < 0.0001). The status of CNV subsided more in those eyes
without posterior vitreous detachment than in those with posterior vitreous detachment
(odds ratio, 1.02; 95% confidence interval, —0.01-2.08; P = 0.054).

Conclusion: The activity of CNV was reduced after PPV in eyes with age-related macular
degeneration with vitreous hemorrhage. Visual acuity significantly improved, with only rare
severe complications. The involvement of vitreomacular traction in the patho-physiology of

CNV in age-related macular degeneration is possible.

RETINA 30:856-864, 2010

ge-related macular degeneration (AMD) is the
leading cause of severe visual loss in developed
countries.'™ Although the pathogenesis of the disease
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is not fully characterized, it is clear that the defect lies
in the outer retina and retinal pigment epithelium and
that genetic predisposition plays a major role in its
development.>”’

Although the outer retinal layers are the site for
primary lesions in AMD, it has recently been shown
that the vitreous may play a role in the progression of
AMD.®!¢ A higher incidence of posterior vitreous
attachment has been observed during AMD opera-
tions.®'? Other studies of the vitreous using ultrasound
suggest that complete posterior vitreous detachment
(PVD) occurs less frequently in AMD in an age-
matched healthy population and that a higher inci-
dence of vitreomacular traction (VMT)/vitreomacular
adhesion (VMA) is detected in AMD.*!® Optical
coherence tomography (OCT) has suggested that there
is a higher rate of VMT in exudative AMD."" In addi-
tion, Lee et al* showed a higher incidence of vitreous
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adhesion in exudative AMD in a paired-eye study.
Regardless of these reports, the real influence of
VMT/VMA on AMD is still unclear.

Theoretically, there is another way to prove the
hypothesis. If VMT/VMA is critical in the progression
of exudative AMD, the activity of exudative AMD
should settle down after PVD. Indeed, Weber-Krause
and Eckardt® found that choroidal neovascularization
(CNV) disappeared after spontaneous PVD in two
cases. Furthermore, Ikeda et al'® reported that CNV
activity was significantly reduced after pars plana
vitrectomy (PPV). Therefore, the logical approach is
to perform prophylactic PPV to determine the role of
VMT/VMA in AMD. However, in this era of antivas-
cular endothelial growth factor (anti-VEGF) therapy,
this approach is not justified in most cases.

Nonetheless, there are many AMD cases that
require PPV for other reasons, such as vitreous hem-
orrhage. To our knowledge, there is no detailed study
about the effect of PPV on eyes with AMD with vitre-
ous hemorrhage. Therefore, this study was intended
primarily to see the effect of PPV on eyes with AMD
with vitreous hemorrhage and to further evaluate the
possible roles of VMT/VMA by comparing eyes with
and without complete PVD.

Subjects and Methods

A consecutive case series in which patients with
AMD with vitreous hemorrhage and CNV, who
received PPV from January 2005 to September 2008
and who were followed-up for at least 6 months post-
operatively at the following hospitals, were studied.
The hospitals included were Kagoshima University
Hospital, Kagoshima, Japan; University of Occupa-
tional and Environmental Health Hospital, Kitaky-
ushu, Japan; Kagoshima City Hospital, Kagoshima,
Japan; Kaohsiung Veterans General Hospital, Kaohsi-
ung, Taiwan; and NTT Tohoku Hospital, Sendai,
Japan. The data were obtained from medical records
and analyzed at the Kagoshima University and Kyushu
University. Institutional review board approval for this
study was obtained at each hospital.

The patients underwent a complete ophthalmologic
examination, including visual acuity testing with stan-
dardized refraction using decimal charts, slit-lamp
biomicroscopy, fluorescein angiography (FA), and
OCT (one of the following at each hospital:
OCT3000, Zeiss, Dublin, CA; OCT mark II, Topcon,
Tokyo, Japan).

The retina specialists at each hospital determined
the surgical indication. In brief, the indications were
primarily to remove dense media opacity resulting

from vitreous hemorrhage. Eyes with retinal de-
tachment caused by any reason other than AMD and
highly myopic eyes (=—6.0 diopters) were excluded
from the study, as were eyes with apparent diabetic
retinopathy, hypertensive retinopathy, or retinal vein
occlusion. A standard three-port PPV was performed,
and phacoemulsiflcation or intraocular lens implanta-
tion was also performed when needed. In the eyes
without complete PVD, PVD was produced during
surgery. Intravitreous triamcinolone injection was not
performed at the end of or after the surgery. In three
cases with retinal breaks, silicone oil tamponade was
performed. The presence of complete PVD was
determined based on the preoperative ultrasonography
or intraoperative findings.

The details of the surgical protocols varied between
hospitals, but the basic procedure was similar. Under
paraocular or general anesthesia, a standard 20-gauge
PPV was performed. Three standard sclerotomies
were created. Cataract surgery or intraocular lens
insertion was performed when needed. Core vitrec-
tomy was performed, and the posterior vitreous cortex
was separated from the retina by active aspiration with
a vitrectomy probe or a soft cannulated extrusion
needle around the optic disk. Premacular membrane
was not removed intentionally. This procedure was
performed gently and carefully so as not to damage
the posterior vitreous cortex. After surgical PVD,
the residual vitreous cortex was resected, and
endolaser photocoagulation or fluid-gas exchange
was performed when needed. The tamponade with
SFEs, CsFs, or silicone oil was performed when needed.
The presence of spontaneous PVD was determined
by each surgeon from the intraoperative findings.
The intraoperative findings were recorded imme-
diately after surgery, and these records were reviewed
postoperatively.

The type of CNV in each case was determined by
FA and/or indocyanine green angiography, which was
performed before PPV or within 4 weeks after PPV. It
was classified as “idiopathic polypoidal choroidal vas-
culopathy (IPCV),” “AMD,” or “unclassiflable” on
the basis of our previous reports.'”'®

The incidence of hemorrhage was determined by
the funduscopic examinations. In case the size of
subretinal bleeding increased or a subretinal bleed
appeared in a new area, it was regarded as one in-
stance of bleeding. A case in which a vitreous hem-
orrhage occurred was also regarded as one instance of
bleeding. The sum of these events represented the total
incidence of bleeding. If the exact incidence could
not be known because of dense hemorrhage or
obscure preoperative records, the total incidence was
regarded as one.
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The status of CNV was determined by fundus exam-
ination, FA, and/or OCT. Because the first observable
time to detect CNV after surgery varied in each case,
the last findings before vitreous hemorrhage and those
of the final examination within 1 year were compared.
If there were no data of previous vitreous hemorrhage,
the findings of the first examination after PPV were
applied instead of those before vitreous hemorrhage.
On the basis of these results, CNV status was classified
into four categories—*“‘worsened,” “‘remained,” “re-
gressed,” or “disappeared”’—in agreement with two
or more examiners of each hospital in a masked
fashion, as reported previously.'”'® The undetermined
cases were grouped as “unclassified.”

Age-Related Macular Degeneration and Idiopathic
Polypoidal Choroidal Vasculopathy

Although AMD is found in all races, IPCV is more
common in the Asian population than in whites. Thus,
the subgroup analysis was performed in these two
groups. The preoperative visual acuity, postoperative
visual acuity, incidence of PVD, and status of CNV
of each patient based on FA and/or IA findings were
compared.

Statistical Analysis

For statistical analysis, decimal fractions of visual
acuity were converted to a logarithmic scale (the log-
arithm of the minimal angle of resolution). According
to results of Holladay, blindness was set at 0.00125/
2.9 (decimal/logarithm of the minimal angle of resolu-
tion), light perception at 0.0025/2.6, hand movements
at 0.005/2.3, and counting fingers at 0.014/1.85.°%°

Preoperative versus postoperative values were com-
pared using the Wilcoxon rank-sum test. To evaluate
the influence of complete PVD on the course of CNV
after PPV, the eyes with and without complete PVD
were compared. Characteristics of the patients were
analyzed using the Mann-Whitney U test and the
chi-square test. The curative results were scored as
follows: worsened, 0; remained, 1; regressed, 2; disap-
peared, 3; and unclassified, missing value. The relative
merit was estimated by the ordered logistic regression
model. A P value <0.05 was considered significant.

Results

Data were obtained for 92 eyes from 92 Asian
patients, of whom 30 were women and 62 were men.
The ages ranged from 49 years to 86 years, with an
average of 69.1 = 9.2 years (median, 69 years). Forty-
seven were left eyes and 45 were right eyes. The
average follow-up period was 18.3 = 10.9 months.
Forty-one eyes were classified as AMD (44.6%),
33 eyes as IPCV (35.9%), and 18 eyes as unclassified
(19.6%). The previous treatments before PPV con-
sisted of intravitreous bevacizumab in 4 eyes, single
intravitreal triamcinolone in 6 eyes, intravitreal gas
plus tissue plasminogen activator in 13 eyes, and
transpupillary thermal therapy in 2 eyes. Intraopera-
tive complications involving retinal detachment were
seen in three eyes. Cataract surgery was performed at
the same time in 25 eyes (Table 1).

For the following analysis, those eyes that received
any specific treatment for AMD, such as the intravit-
reous/periocular bevacizumab or triamcinolone ace-
tonide injection, were excluded. Those eyes with

Table 1. Characteristics of Patients With and Patients Without PVD

BPVD (+) PVD (-) P
Total PPV Alone Total PPV Alone PPV
(n = 40) {n = 26) (n = 50) (n = 36) Total Alone
Age (years) 70 (50-85) 70 (51-85) 69 (49-86) 69 (50-86) 0.492* 0.376*
Female sex, no. (%) 14 (35) 10 (38) 16 (32) 11 (31) 0.764t 0.516t1
Types of CNV, no.
AMD:IPCV:others 19:15:6 14:8:4 21:18:11 14:14:8 0.6901 0.498%1

VA before PPV

Decimal, median (range) HM (LP to 20/50) HM (LP to 20/50) HM (LP to 20/40) HM (LP to 20/40) —

0.972* 0.540"

LogMAR, mean = SD 2.04 = 0.60 2.10 £ 0.59 2.04 = 061 2.01 £ 0.65

VA after PPV
Decimal, median {range) 0.05 (LP 20/30)  0.04 (LP 20/30) 0.02 (LP 20/12) 0.02 (HM 20/12) — —
LogMAR, mean * SD 1.37 = 0.58 1.45 = 0.55 144 = 0.74 1.36 = 0.67 0.264* 0.954"

HM, hand movements; IPCV, idiopathic polypoidal choroidal vasculopathy; logMAR, logarithm of minimum angle of resolution;
LP, light perception: PPV alone, cases without any additional treatment or postoperative retinal detachment; VA, visual acuity.

*Mann-Whitney U test.
tChi-square test.
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postoperative complications were also excluded. As a
result, data were analyzed for 64 eyes from 64 Asian
patients, of whom 21 were women and 43 were men.
The ages ranged from 50 years to 86 years, with an
average of 69.5 = 9.5 years (median, 70 years). The
average follow-up period was 19.6 = 11.4 months.
Twenty-nine eyes were classified as AMD (45.3%),
22 eyes as IPCV (34.4%), and 13 eyes as unclassified
(20.3%; Table 1).

Visual Acuity

Preoperative visual acuity ranged from light percep-
tion to 20/40, median of hand movements, and the log-
arithm of the minimal angle of resolution was 2.05 =
0.62 (average * standard deviation). Postoperative
visual acuity ranged from light perception to 1.5,
median of 0.04, and the logarithm of the minimal angle
of resolution was 1.40 *= 0.61. Postoperative visual
acuity was significantly better than preoperative visual
acuity (P < 0.0001, Wilcoxon rank-sum test; Figure 1).

Incidence of Bleeding

During 6 months before PPV, the incidence of
bleeding was 1.11 = 0.44 (average * standard devia-
tion; median, 1; range, 0-3). This was significantly
reduced to 0.03 £ 0.18 (median, 0; range, 0—1) during
the 6 months after PPV (P < 0.0001, Wilcoxon rank-
sum test; Table 2).

Status of Choroidal Neovascularization

After PPV, the status of CNV was as follows:
“worsened” in 4 eyes (6.3%), “‘remained” in 10 eyes
(15.6%), “regressed” in 19 eyes (29.7%), and “‘dis-
appeared” in 21 eyes (32.8%). Ten eyes (15.6%) were
“unclassified” (Table 2) because of poor FA quality,
persistent subretinal hemorrhage, or scar. Therefore,
among the 54 classifiable eyes, 40 eyes (74.1%)
showed that CNV settled down.

Posterior Vitreous Detachment

Complete PVD was observed in 26 eyes, whereas
artificial PVD was produced in 36 eyes during the
surgery. In the remaining two eyes, complete PVD
could not be confirmed because of massive hemorrhage.

To evaluate the influence of PVD on the course of
CNYV after PPV, the eyes with and without complete
PVD were compared (Table 1). There was no signifi-
cant difference between the two groups in terms of
age, sex, types of CNV, visual acuity before and after
PPV, or incidence of bleeding. In the eyes with
complete PVD, 3 eyes were classified as “worsened”
(11.5%), 5 eyes as ‘“‘remained” (19.2%), 8 eyes as
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Fig. 1. Scattergram showing best-corrected preoperative visual acuity
and postoperative visual acuity of eyes with AMD with vitreous
hemorrhage. A. Results of all cases. B. Results of cases without additional
treatment, such as intravitreous bevacizumab or triamcinolone. The cases
with postoperative retinal detachment were also excluded. Points lying
under the diagonal line represent improvement in visual acuity. Most
of the eyes showed an improvement in visual acuity after PPV regardless
of complete PVD.

“regressed” (30.8%), 6 eyes as “‘disappeared” (23.1%),
and 4 eyes as “unclassified” (15.4%), whereas in eyes
without PVD, 1 eye was classified as ‘“‘worsened”
(2.8%), 4 eyes as ‘“‘remained” (11.1%), 11 eyes as
“regressed” (30.6%), 15 eyes as ‘“disappeared”
(41.7%), and 5 eyes as ‘“‘unclassified” (13.9%). The
ordered logistic regression model showed a marginal
result that the status of CNV subsided more signifi-
cantly in those eyes without complete PVD than in
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Table 2. Comparisons of Bleeding Incidence and CNV Status in Eyes With and Eyes Without PVD

PVD (+) PVD () P
Total PPV Alone Total PPV Alone PPV
(n = 40) (n = 26) (n =50) (n=36) Total Alone
Incidence of bleeding, no.
Before PPV (times in 6 months)
4 1 0 0 0 — —
3 1 0 1 1 — -
2 8 5 5 2 - —
1 29 20 43 32 - -
0 1 1 1 1 0.147* 0.544*
After PPV (times in 6 months)
1 1 0 5 2 - -
0 39 26 45 34 0.159* 0.711*
Status of CNV, no.
Worsened 4 3 1 1 - -
Remained 6 5 6 4 - -
Regressed 16 8 15 1 - -
Disappeared 9 6 21 15 0.031t 0.054%
Unclassified 5 4 7 5 - =

PPV alone, cases without any additional treatment or postoperative retinal detachment.

*Mann-Whitney U test.
tOrdered logistic regression model.

those with complete PVD (odds ratio, 1.02; 95% con-
fidence interval, —0.01 to 2.08; P = 0.054; Figure 2).
In the analysis of all 90 eyes, including those that
received any additional treatment, the difference was
statistically significant (odds ratio, 2.55; 95% confi-
dence interval, 1.09-5.97; P = 0.031; Figure 2).

Age-Related Macular Degeneration and Idiopathic
Polypoidal Choroidal Vasculopathy

Although the average age differed between the
groups, there was no statistically significant difference

1 eye
6 eyes

15 eyes

in the preoperative visual acuity, postoperative visual
acuity, or ratio of PVD. This was also the case for the
incidence of bleeding and the status of CNV (Table 3).

Case Presentation

A 55-year-old Japanese man was referred to the
Kagoshima University Hospital because of IPCV of his
right eye. IA showed typical polypoidal lesions with
retinal pigment epithelial detachment (Figure 3A,
arrow). Optical coherence tomography showed retinal
pigment epithelial detachment and adhesion of the

Fig. 2. The status of CNV after
PPV. Left, Results of all cases.
Right, Results of cases without
additional treatment, such as
intravitreous bevacizumab or
triamcinolone. The cases with
postoperative retinal detach-
ment were also excluded. The
status of CNV before and after

9 eyes L

5 eyes

PPV was compared in each

case, and the change was

categorized as “worsened,”

. Worsened “disappeared,” regressed,”

. “disappeared,” or ‘“unclas-

s B Remained sified.” The ordered logistic
S E regression models showed that
Regressed the status of CNV subsided

Disa peared more significantly in those eyes

D P without preexisting PVD (—)

5% ] Unclassified  than in those with PVD (+):

PVD(+) PVD()

Total PPV alone

PVD(+) PVD()

P = 0031 in all cases (Total)
and P = 0.054 in selected cases
(PPV alone).
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posterior vitreous surface to the retinal surface (Figure
3B, arrowheads). After 2 months, subretinal hemor-
rhage occurred (Figure 3C), progressing to vitreous
hemorrhage, and visual acuity deteriorated to hand
movements. Pars plana vitrectomy was performed, and
visual acuity recovered gradually. Four months after
PPV, both the polypoidal lesions and the retinal pig-
ment epithelial detachment had disappeared (Figure 3,
D and E). Visual acuity recovered to 20/12, and neither
polypoidal nor CNV lesion was observed except for
some scaring 10 months after PPV (Figure 3F).

Discussion

In this study of AMD with vitreous hemorrhage, we
found that the activity of CNV subsided significantly
after PPV based on two different evaluations: the
incidence of bleeding and the status of CNV. It was
more evident in eyes without complete PVD than in
those with complete PVD. Although the postoperative
visual acuity did not reach a satisfactory level.

Hemorrhage caused by CNV is one of the important
signs of advanced AMD, and bleeding is a final
symptom of AMD. Therefore, the present findings
might have reflected the natural course of advanced
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AMD rather than the therapeutic effect of PPV;
however, this is unlikely because the incidence of
bleeding was dramatically reduced within a short
period of time after PPV. The incidence of bleeding
6 months before and after PPV decreased from an
average of 1.11 to 0.03 (P < 0.0001). There was
a concern that a new hemorrhage might be overlooked
or masked by an older, larger subretinal hemorrhage,
resulting in an underestimation of postoperative
bleeding. On the other hand, it is highly possible that
the preoperative incidence was underestimated be-
cause approximately one-third of the patients did not
visit the hospital until vitreous hemorrhage occurred,
and their preoperative incidence of bleeding was
classified as one but could be higher. Therefore, the
real difference between pre- and postoperative in-
cidence is likely greater than the present result.
Previously, it has been described that the activity of
CNV in AMD subsides after vitrectomy, although
these were anecdotal or small case series.'>'?
Considering these facts together, it is possible that
PPV reduces the activity of CNV in eyes with AMD
with vitreous hemorrhage, at least to a certain extent.

It is not clear why and how PPV affected the activity
of CNV in eyes with AMD. The first possibility is that

Table 3. Characteristics of the Patients With AMD, IPCV, and Others

AMD IPCV Others P
Total PPV Alone Total PPV Alone Total PPV Alone PPV
(n = 40) (n = 28) (n =33 (n=22) (n=17) (n=12) Total  Alone
Age (years) 73 (54-86) 73 (54-86) 65 (49-85) 67 (50-85) 69 (53-86) 69 (53-86) 0.015° 0.202*
Female sex, 15 (38) 10 (36) 8 (24) 5 (23) 7 (41) 6 (50) 0.3661 0.265t1
no. (%)
PVD, no. (%) 19 (48) 14 (50) 15 (45) 8 (36) 6 (35) 4 (33) 0.6901 0.49871
VA before PPV 1,99 + 0.59 2.06 = 0.53 2.13 = 0.53 2.13 + 0.60 1.96 = 0.74 1.85 = 0.83 0.580* 0.607*
(logMAR)
VA after PPV 1.44 + 056 1.44 + 054 127 =0.75 139 £ 0.70 1.60 = 0.74 1.33 = 0.69 0.244* 0.919*
(logMAR)
Incidence of
bleeding, no.
(times/6 mo)
Before PPV 115 +0.36 1.07 + 026 1.27 +0.80 1.09 = 0.61 1.18 + 0.39 1.25 + 0.45 0.958* 0.644"
After PPV 0.05 = 0.22 0 0.083 = 0.17 0.05+0.21 0.18 +0.39 0.08 = 0.29 0.127° 0.909*
Status of CNV,
no.
Worsened 2 2 1 0 2 2 - -
Remained 4 3 5 4 3 2 - —
Regressed 16 10 14 8 1 1 = —
Disappeared 14 10 13 10 3 1 1.000f+ 0.660%
Unclassified 4 3 0 0 8 6 - -

VA and incidence of bleeding are expressed as mean * SD.

LogMAR, logarithm of minimum angle of resolution; VA, visual acuity; PPV alone, cases without any additional treatment or

postoperative retinal detachment.
*Kruskal-Wallis variance analysis.
tChi-square test.
}Ordered logistic regression model.
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E

F

Fig. 3. Clinical course of the case with IPCV (55-year-old Japanese man). Indocyanine green angiography showed the typical polypoidal lesions with
the retinal pigment epithelial detachment (A, arrow). Optical coherence tomography showed the retinal pigment epithelial detachment and the adhesion
of posterior vitreous to the retinal surface (B, arrowheads). After 2 months, subretinal hemorrhage occurred progressing into vitreous hemorrhage, and
visual acuity deteriorated into hand movements (C, the day before vitreous hemorrhage). Then, PPV was performed, and visual acuity recovered
gradually. Four months after PPV, both the polypoidal lesions and the retinal pigment epithelial detachment disappeared (D, E). Visual acuity recovered
to 20/12, and neither polypoidal nor choroidal neovascularization lesion was observed except for the scar 10 months after PPV (F).

the activity of AMD subsided as a result of the release
of VMT/VMA by PPV. So far, there have been many
reports that complete PVD was less frequent in exuda-
tive AMD than in nonexudative AMD or age-matched
controls.*"'® These results, obtained using ultrasound,
OCT, or intraoperative findings, showed that complete
PVD was found in 34% to 66% of AMD cases.'""
In this study, complete PVD was found in 44% of the
eyes. Because the present data were obtained from
eyes with different conditions (vitreous hemorrhage)
and the methods of examination were different, it is
understandable that the incidence differed from that of
the previous reports. Recently, mechanisms of how
VMT/VMA causes the deterioration of AMD have
been explained hypothetically.*~'**'~** Increases in the
mechanical forces associated with abnormal VMT/
VMA may result in the secretion of signaling factors
by the Miiller cells with both paracrine and autocrine
effects. This process may lead to a cascade of inflam-
matory factors and local vascular changes, which may
include vascular leakiness and subsequent cystoid
macular edema. In addition, in eyes with CNV, this can
set up a vicious cycle in which the inflammation, the
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reactive gliosis, and the tractional forces result in
worsening the chronic exudation of the underlying
disease. Furthermore, it has been suggested that the
presence of adherent vitreous over the macula will not
allow VEGF and other cytokines to be cleared away
into the vitreous cavity; thus, vitrectomy or PVD
might vastly increase the clearance of these fac-
tors.'*?® To prove this hypothesis clearly, a study of
prophylactic vitrectomy for eyes with AMD with
VMT/VMA may be a logical method. However, this
method is not justifiable at the moment because anti-
VEGF therapy is widely accepted as an effective
treatment for AMD.?” Furthermore, surgery in such
eyes can result in complications, and vitrectomy may
also complicate anti-VEGF treatment because it may
shorten the half-life of intravitreal anti-VEGF drugs.”’
To avoid this problem, in this study, we retrospectively
reviewed the status of CNV in AMD with vitreous
hemorrhage during the perisurgical period. The eyes
were divided into two groups: eyes with complete PVD
and eyes without complete PVD. The status of CNV
improved more significantly and more evidently in
those eyes without complete PVD than in those with
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complete PVD. The results indicate that CNV in AMD
without PVD is more inclined to PPV therapy.
Certainly, eyes without complete PVD do not always
have pathologic VMT/ VMA, but they apparently have
more chances to have VMT/VMA than those with
complete PVD. This finding supports the idea that
VMT/VMA is one of the deteriorating factors of AMD.

The other possibility is that physiologic changes
might reduce the activity of CNV after PPV. Regard-
less of the existence of PVD, the incidence of bleeding
and the activity of CNV in AMD with vitreous
hemorrhage were significantly reduced after PPV. Pars
plana vitrectomy has various physiologic consequen-
ces in the vitreous cavity.”® For example, oxygen
transport to an ischemic retina is improved, and the
clearance of various molecules, including VEGF, is
increased. From this study, the overall effect is likely
to make CNV regress after PPV.

It is of interest to note that PPV could significantly
increase visual acuity without causing serious com-
plications. Because the dense media opacity was
removed by PPV, this significant improvement in
visual acuity is not surprising. The most serious com-
plication in this series was proliferative vitreoretin-
opathy, but it was observed only in 3 cases (3.3%).
Other complications, such as cataract, could be cor-
rected by the additional surgery. Although the final
visual acuity might not necessarily be satisfactory, the
benefit/risk ratio is acceptably high, justifying PPV for
AMD with vitreous hemorrhage.

There are several limitations in this study. It was
performed in a retrospective manner, and no random-
ization was applied. The other limitation lies in the
method used to evaluate the CNV status. In this study,
CNV was not always observable soon after surgery,
and in many cases, subretinal hemorrhage was present,
in part, even after surgery. Thus, the first observable
time differed depending on the case, and to evaluate
status accurately, all eyes should be examined at equal
timing after surgery. In this study, the CNV status was
determined by comparing the preoperative or the first
findings after surgery and those at a later time (~6—12
months). This limitation should be remembered while
interpreting the results, especially regarding the effect
of preexisting PVD. In addition, IPCV is more
common in the Asian population than in whites,”°
and thus, generalization of the results should be done
with caution.

There are various factors related to the progression
of AMD, and the genetic factor is supposed to be the
most crucial. Fundamental pathologic mechanisms of
AMD must have already begun for tractional forces to
achieve a change for the worse, because VMT alone is
not able to induce AMD. The high coincidence of
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VMT and CNV and the observation of CNV after PPV
in the present cases should lead us to consider vitreous
changes when diagnosing and treating patients with
AMD. For example, when anti-VEGF therapy is inef-
fective on an eye with AMD with strong VMT, PPV is
a second option for treatment. When all these data are
accumulated and the characteristics of these eyes are
well understood, the development of a pharmacologic
agent to induce PVD might be of benefit for this
condition.

Key words: age-related macular degeneration,
choroidal neovascularization, pars plana vitrectomy,
polypoidal choroidal vasculopathy, posterior vitreous
detachment.
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