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HRQOL

HRQOL was assessed using :theJapanese version of the
Medical Outcome Study: Short:Form 8-item Health Survey
(SF-8); which is the short version of the SF-36 imple-
mented through a self-administered survey. The SF-8
consists of eight items that represent the eight domains-of
the SF-36: physical functioning, role physical, bodily pain,
general health, vitality, social functioning, role emotional,
and mental health [18, 19]. Using the differential weights
assigned to each item, the SF-8 produces two summary
scores: a physical health.component summary (PCS) score
and a mental health component summary (MCS) score.
These scores were standardized based on the Japanese
population in 2002. A score of 50 represented the mean for
the Japanese general population, and a score of 10 was one
standard deviation; lower scores indicate poorer HRQOL.

Statistical analysis

Differences in the baseline characteristics between men
and women were examined using an unpaired ¢ test and a
4 test. To examine the impact of the number of LBP days
during the 1-month study period on HRQOL, we calculated
the changes in PCS and MCS scores from the baseline
(PCS_c and MCS_c, respectively) by subtracting the
baseline SF-8 scores from the scores calculated after the
1-month study period. Negative values indicated a decline
in HRQOL, while positive values indicated an increase.
We examined the relationship between the cumulative
number of LBP days during the 1-month study period and
differences in the changes in PCS and MCS scores between
sexes using linear regression models. Before using linear
regression models, we examined the linear relationship
between PCS_¢ and MCS_c scores and the cumulative

number of LBP davs using a locally weighted scatter plot
smoothing (LOWESS) curve, a technique for smoothing

scattered values by fitting a weighted least-squares line into
moving bands using nonparametric regression [20], and
conducted linear regression analyses on the portion where
linearity holds visually on the curve. We then examined the

differences between men and women using the interaction ‘
terms of sex and cumulative number of LBP days in the

regression models. The adjusted model included age, the
number of baseline comorbidities (0, 1, >2). annual
household income (<3,000,000 yen, 3,000,000-4,999,999
yen, 5,000,000-6,999,999 yen,‘7,'(}00,000—9,999,999 yen,
10,000,000-11,999,999  yen, and >12,000,000 yen),
employment status {yes or no, with “yes” indicating a full-
time or part-time job and “no” for any other response), and
baseline PCS or MCS score as covariates [15, 16, 21]. We
calculated individual comorbidities by counting the num-
ber of the following diseases that the person had:

hypertension, diabetes mellitus, cerebrovascular disease,
cardiovascular disease, lung disease, gastrointestinal dis-

. .ease, urinary disease, musculoskeletal disease, skin disease,

mental disease, gynecological disease, cancer, and other
diseases. All statistical analyses were conducted using’
Stata version 11.2 (Stata Corporation LP, College Station,
TX, USA). ‘An alpha level of 0.05 was set as the threshold
to determine the statistical significance.

Results

Of the 2,358 subjects participating in-the  HDS, 8.0%
(n = 188) were excluded due to missing annual household
income data or an incomplete SF-8 questionnaire, leaving
2,170 subjects for the analysis. The excluded sample was,:
on average, older than the analysis sample (49.9 years old
vs. 44.5 years old, P < 0.01) and contained a higher pro-
portion of women (61.2% vs. 54.5%, P.= 0.08).

Subject characteristics are described m Table 1. Women
had lower scores than men for household income, employ-
ment status, baseline PCS, and baseline MCS. During the
study period, 28.4% {(n = 617) of the total sample experi-
enced LBP at least once during the study period and were
thus included in analysis. LBP was reported more frequently
by women (n = 373, 31.5%) than by men (n = 244, 24.7%,
P < 0.01). The average number of cumulative LBP days
was 1.7 (SD: 4.8) for women and 1.3 (SD: 4.3) for men

(P =0.04). The a\}erage change in PCS ‘;ind MCS scores
- was —1.1 (SD: 6.7) and 0.8 (SD: 6.7),

respectively.
Approximately one-third of the sample had more than one
disease, and the most common baqelme comorbldmes were
hvpertens;w and musculoskeletal diseases.

The LOWESS curve between the cumulative number
of LBP days and the changes in SF-§ revealed a change
m the curve at approx:mately 15 days into the study;

~period (Flg 1). For men, the average change in PCS

decreased hnearlv with the increasing cumulauve number

£ LBP days. However, the scores in men experiencing
LBP for approx1mately 15 days or more tended to
increase as the number of days with LBP increased
(Fig. 1a). For women, the averaae chanoe m PCS was flat
throughout the smdy penod (Flg 1b). In contrast, the
MCS_c among men with less than 16 LBP days appeared
to increase slightly as the number of LBP days increased,
while the MCS_c among men with 16 or more cumulative
LBP days decreased as the number of LBP days increased

(B Fig. 1c), no such re]anonshlp was observed in women

(Fig. 1d). Because linearity was not vmually confirmed 1n
58 subjects who had LBP for 16 or more days, these

_ individuals. were excluded from the analysis with regres-

sion models.
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Table 1- Subject characteristics

Total (n= ‘2,170)" Women (n = 1,183) Men (n = 987) P value .

Age mn years, mean (SD) : ) 445 (15.2) 44,8 (15.5) - 44,3 (14.7) - : 043

Cumulatrve days with LBP, mean (SD) v1.5 4.6) 1.7 (4.8) 1343) - 0.04

Comorbldrtxes, number (%) : TiE i Lo
0 , L 1,518°(70.0) 806 (68:1) CT12 (724 0.11
1 442 (204) 252 (21.3)" 190193y -
2+ 210 (9.7) 125 (10.6) 85 (86)

Annual household income, number (%) ‘ o O T
<3,000,000 yen 353 (16.3) 226 (19:1) 127°(12.9) <001
3,000,000-4,999,999 yen 641 (29.5) - 350 (29 6) 291 (2955) < o
5,000,000-6,999,999 yen 515 (23 7) - 260 (22.0) 2554258)
7,000,000-9,999,999 yen 420 (19.4) 223 (18 9)" T197°200)
10,000,000-11,999,999 yen 162 (7.5) 82(6.9) - 8081
>12,000,000 yen 79-(3.6) @2Ee) C37(38)

Employment status, number (%) - i - ’ o
No ; S I 163 (351) 590 (49.9) 172 (17.4) <0.01
Yes - oot ol a 1,408 (64.9) 593 (50.1) 815 (82.6)

SF-8 (baseline), mean (SD) ‘ e ‘

PCS N o 492 (6.5) 48.9 (6.6) 497 (6.4) <0.01
MCS . : ‘ 48.0°(6.7) 4717 (6.6) 8467 0.01
PCS_c, mean (SD) ~L1 (6. 7)’ —1.0 (6.6) -130) 032

MCS_ ¢, mean (SD) 08(67) 0.8 (6.6) 08(68)‘ o 0.85

SD standard deviation, PCS physrcal component summary, MCS mental component summary, LBP low back pain

Table 2 shows the Cuaﬁges in PCS and MCS associated

wrth a I+ day increase 1n the number of LBP days, as repre-

sented by the coefficients in the respectrve models with

PCS_c and MCS_c in the unadjusted and adjusted modelsv

Inthe unadjusted regression model for PCS ¢, an increase in

one LBP day was associated with a 0 Sl-pomt decrease i in
men’s PCS scores (P < 0.001) versus 2 0.04-point decrease

m women’s scores (P = 0.70), which is a statistically sig-
nificant difference (P < 0.001). After adjusting for age,
number of baseline comorbidities, annual household
income, employment status, and baseline PCS score, an

increase in one LBP day was assocrated Wlth a 0. 72-pomt ‘
decrease per day in‘men’s scores (P <0. 001) versus a0.29-
point decrease in women’s scores (P < 0. 001), Wthh is also

stanstrcally significant (P <. 001)

In the unad;usted regressron model for MCS _C, an‘ .
for the degree of LBP in exammmg sex difference m

increase in one LBP day was assocrated wrth a 0.27- pomt

ncrease per day in MCS _c among men (P = 0.008) versus

a 0.01-point decrease among women (P O 87), which is

a statistically srgmﬁcant drfference (P 0. 03) After
adjusting for the above-mentloned covarrates an increase
m one LBP day was assoc1ated w1th a0, 17-p0mt increase

per day in MCS_c among men (P = 0.05) versus a 0.02-
point decrease among women (P = = 0.76). However, this
difference was not statrsucally srgmﬁcant (P = 0.08).

@ Springer

Discussion

In this study, we found that changes in HRQOL associated
with an increased cumulatlve number of LBP days differed.
by g ender While PCS scores decreased more sharply m .
men than in women, the slope of change in MCS scores. .
was not srgmﬁcantly different between both sexes after k
adjusting for age, the number of baseline comorbidities,

annual household mcome, employment status;, and baseline
PCS/MCS scores To our knowledge, this study 1s the ﬁrst
to prospecnvely examine the sex drfferences in the rela-
tionship between the number of LBP days and the change

in HRQOL score. Our observation that men tend to_suffer

from more severe decreases in HRQOL than women wrth;
the same number of LBP days which contrasts wrth pre-.
vious ﬁndmgs underscores the importance in accountmg r

HRQOL. ‘ :
Decreases i m PCS scores noted n the present study were
sharper in men than in women, 1nd1cat1ng ‘that men were

more affected by LBP than women with respect to the

physical domam of HRQOL. However this finding appears \

" to contradict previous work, such as those noted in the.

Ccross- secuonal study by Salafﬁ et al [15], whxch showed
that women w1th LBP experrenced worse . physrcal health
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Fig. I Cumulative number of
LBP days and differences in SF-
8 summary score changes by
gender. a Relationship between
the cumulative number of LBP
days and the change in PCS
score in men. b Relationship
between the cumulative number
of LBP days and the change in
PCS score inwomen. .0

¢ Relatonship between the,
cumulative number of LBP days
and the change in MCS score in
men. d Relationship between
the cumulative. number of LBP
days and the change in MCS
score in women ‘

MCS_o

PCS_o

40
\
»
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=
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0 .10 20 30 il 18 20 30
male female e
Curmulative LBP days .
Table 2 Unadjusted and adjusted models of PCS_¢ and-MCS_c from the cumulative number of LBP days in ' women and men
Women Men o Interaction
Coefficient 95% C1 Coefficient 95% CI
Lower Upper Lower Upper
PCS ; B ; .
Unadjusted —0.04 -0.21 . 0.14 —0.51 —0.71 -0.31 <0.01
Adjusted -0.29 - =043 ~0.14 =072 —0.89 =055 <0.01
MCS ‘ ; : V )
Unadjusted -0.01 -0.19 0.16 027 . 007 047 0.03
Adjusted -0.02 -0.16 0.12: 0.17 - 0.004 0.33. 0.08

PCS physical component summary, MCS mental componént summary, LBP lower back pain, CI confidence interval
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than men of similar socio-demographic levels and with -

similar comorbidities. This difference may be due to the
fact that we counted the number of days with LBP, whereas
Salaffi’s study examned only the presence or absence of
LBP. Interestingly, when we reanalyZed our data using
only the presence or absence of LBP during the study

period and ignoring LBP days, as was performed in Sal-

affi’s study, we observed exX dlfferences in PCS (data
not shown). These ﬁndmgs in
considering the frequency of LBP
effect of LBP on HRQOL. P

Our results regarding MCS changes were inconclusive
given their slight increase in conjunction with LBP days
among men and the nonsignificant sex differences observed.
Previous studies reported a tendency for LBP to affect
physical health rather than the psychological dimensions of
HRQOL [16]. Other studies that examined the recovery of
HRQOL after surgery for back, knee, and hip problems have
shown that while patients’ physical health improved rela-
tively quickly, mental health recovered over a longer period
of time [22, 23]. Therefore, more dramatic changes in MCS
may have appeared after the completion of our study.

Our finding that men experience a sharper decrease 1n
HRQOL than women who report the same number of days
with LBP indicates that a given amount of pain affects the

‘when analyzing the

HRQOL of men more: serxously than that of women. We

hypothesize that psychosocial factors assocxated with LBP,
such as mood disturbance and anxiety, may play a role in
this phenomenon. Affleck et al. [13] reported that men
were more likely than women to experience an 1ncrease in
negative mood the day after a painful day. Similarly, Keefe
et al. [14] reported that men were more likely than women
to experience an increase in negative mood and a decrease
1n positive mood the morning after an evening of increased
pain. Edwards et al. [24] reported that anxiety was asso-
ciated with increased pain severity and interference by pain
in male patients but found no -association ‘in female
patients. Robinson et al. [25] reported significantly stronger
relationships between pain-related anxiety and LBP in men

than in women. Taken together, these previous. findings
suggest that men experience more anxiety and greater

mood disturbance than women. for the same number of
days of LBP, in tum contributing to the reduced physical
HRQOL. Although mental health scores as assessed in the
present study did not appear to capture this temporary
psychological change, future studies may further explore
the mechanisms behind this sex difference. ‘
Several limitations of the present study warrant mention.
First, our sample was selected from people registered with a
market research company, and many households refused to
participate in the initial random sampling. Therefore, our
sample population may differ in certain respects from the
general population. Nevertheless, because most resampled

@ Springer.

te the importance of

households ultimately agreed to partlmpate in the study, we
feel that we were able to sufﬁmenﬂv ma.ntam mtema‘
validity. Second, a number of variables known to be related to
gender, such as educational attainment, were not controlled
for. As such, the sex differences in these variables | - may have
confounded our findings. Third, our analyms used data that
were limited )
pain mtenm

hile both factors can influence HRQOL [26].
se pain intensity and frequency are posmvely‘

) related [77] we believe that our analySIS of pam frequency o

can, to a certain “degree, capture the level of pain intensity.
Finally, as linearity in regression analyses did not v1sually
hold for the small number of subjects with 16 or more -
cumulative number of LBP days, we excluded these subjects.
Future studies may need to include responses from subjects
who experience 16 or more days of LBP.

In conclusion, we identified sex differences in the rela-
tionship between the cumulative number of LBP days and
physical, but not mental, health status. Although a greater
prevalence of LBP was noted in women, quality of life was
more seriously;k affected in men for the same number of
days with LBP. These results underscore the complexity of
the impact of 1LBP on HRQOL, and future studies in this
area should; iii particular, take into consideration duration
of LBP and not simply its presence or absence while also
' sex differences.
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Tyabeméaeﬁ Meshworlk Length in Men amd Women by

Hasﬁ@é@g&@@? Assessment
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ABSTRACT

Purpose: To evaluate the length of the trabecular meshwork (TM)-from the scleral spur (SS) to-Schwalbe’s line -
. (L) and assess the detectability of the 5S in histopathology specimens.

Methods: This study included 158 angle images from 79 cross-sectional slides derived from eyes énucleated for

- melanoma. The slides were stained with hematoxylin-eosin (HE) or periodic acid schiff (PAS). Two ophthal-
mologists evaluated the TM length by using the slides stained:with HE to assess the interobserver reproduc-
ibility For intracbserver reproducibility, the first observer assessed 79 images in a different session. Also, 30
umages that were randomly selected for PAS stain were evaluated to assess the agreement of the measurements
between HE and PAS stammg Iﬂtcrclass correlation coefficients (ICC) were calculated to evaluate reproduc-
ibility of measurements. The images were also evaluated for detectabihty of the scleral spurs.

Results: Among the 79 included sub]ects 40 were male and 39 were female. The average trabecular meshwork

length was 694.9+109.0 pm in the male group and 713.2:+106.9 um in the female group (p = 0.29). Intraobserver

" ‘and interobserver ICC were 0.89 and 0.62, respechvely ICC for agreement between HE and PAS was 0.89.

~ Among the 158 angles graded, the first observer graded 40 images (25. 3%) and the second observer graded
45 (28.5%) as difficult to identify the scleral spur.

Conclusions. There was no stahshcallv sxgmflcant chfference between the average trabecu]a1 meshwork
length in men and women. Among the angles evaluated 25.3-28 5% were graded as difficult to identify the
scleral spur.

=
=]
2
7
4
5
Z
£
E
)
c
£
2
s
2
=
2
g
5
23
2
=
o
=

=
=
e}
14
Z

s
£
Z
I
(3]
j=%
=
<

£

KEYWORDS: Scleral spur, Schlemm’s canal, Trabecular *neshwork -Anterior chamber, Anatomy & histol-
ogy, Angle closure glaucoma :

=
=]
°
£
5]
<
T
-]
=
Z
<
P
%
<4
o
—
=
=
3

‘BNTROBUCTSGN

Primary angle closure glaucoma (PACG) is a
frequent cause of blindness among glaucoma
patients, particularly those of Asian descent. Angle
parameters such as angle opening distance (AOD)’
and angle recess area (ARA)* using ultrasound
biomicroscopy (UBM) or anterior segment optical
coherent tomography (AS- OCT) images are widely
used in the clinical setting to evaluate for angle
narrowing or closure. AOD was reported by Pavlin
et al’ as the length of a line drawn perpendicular
from the trabecular meshwork a g1ven distance from
the scleral spur to the anterior iris. Ishikawa et al.2
defined ARA as the triangular area bordered by the

anterior iris surface, the corneal endothelium, and
the line drawn to the iris surface from a point 750
um anterlor to the scleral spur. More recently, AOD
and ARA have been assessed at 250 ym, 500 pm,,and
750 pm from the scleral spur. Most often, values at
500 pm and 750 pm are used as the primary outcome
measures in studies of angle closure. Although these
parameters have become widely and variably used,
the distribution of the trabecular meshwork length
has not been fully mvestlgated from a histological
perspective. Also, previous studies showed that
PACG occurs more commonly in women than in
men.>* However, no studies have mvesngated the
possibility of a difference in TM length between
men and women. We speculate that women might
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have shorter TM length compared to men, thus partly
accounting for their higher frequency of PACG

The aim of this study was to evaluate the trabecu~
lar meshwork (TM) length from the scleral spur (SS)
to Schwalbe’s line (SL) in histological specimens. The

results were compared between male and female

groups, and inter- and intracbserver reproducibility -

for the measurements were evaluated.
There are previous reports that evaluated trabecu-

lar meshwork length using AS-OCT,* but to our best
knowledge, there is no previous study to evaluate TM

length from the scleral spur to Schwalbe s line by using
histological spec1mens

METHODS

Institutional approval was obtained from the Unuversity
of California, San Francisco (UCSF) Committee on
Human Research and the study adhered to the tenets of

the Declaration of Helsinki. The pathological specimens
were derived from eyes enucleated for posterior mela-

noma, which were available within our ocular pathol-
ogy service. Subjects who had enucleation between 1990
and 2010 were evaluated and considered for enrollment

nto the study. The slides were made from the enucle-

ated globe were cut through the center of the pupil to
the optic nerve and stained with hematoxylin-eosin
(HE) or periodic acid schiff (PAS). Images were cap-
tured with th
adaptor, Olympus, Tokyo, Japan) and measurements
were performed with the DP2-BSW Version 2.2 software
from Olympus.

Our inclusion criteria were (i) age 25 years or more,
and (i1) availability of pathological specimen shides from
the enucleated eyes of subjects with posterior ocular
melanoma. Our exclusion criteria were (i) age less than
25 years, (i) tumor cell invasion into the ciliary body,
iris, or trabecular meshwork, (iii) history of any previ-
ous intraocular surgery, (iv) history of eye trauma, (v)
history of primary or secondary glaucoma (either clini-
cally or histologically evident), (vi) poor quality slides
(such as collapse or folding of the anterior segment), or
(vii) slides in which we were unable to appropriately
identify SS or SL. Data on age, gender, race, axial length,
and eye hxstory were collected from pathological report.

TM length was defined as the length between the
tip of the scleral spur to the end of Schwalbe’s line
(Figure 1). Each specxmen contains two angles and
both angle’s TM length were evaluated. In the previous
study utilizing AS-OCT, the scleral spur was defined
as the point where there was a change in curvature of
the inner surface of the angle wall, often appearing as
an inward protrusion of the sclera.” In this study, we
identified the tip of the scleral spur from the structural
change in the transition of the sclera to the TM, specifi-
cally, where the dense connective tissue of sclera ends

ie Olympus microscope (BX43 with DP72

- FIGURE 1 Example of trabecular meshwork(TM) length.

and the meshwork structure starts. SL was defined as
the point where Descemet’s membrane ends.

To assess ‘the interobserver reproducibility, 158
images with HE staining from 79 subjects were evalu-
ated by two ophthalmologists (TK and YC) masked to
each other’s results. To assess the intracbserver repro-

* ducibility, 79 images with HE stain were randomly

chosen and measured again by a single ophthalmolo-

- gist (TK) in a different session blinded to any previ-

ous results. Also, to assess the agreement between the
measurements from HE and PAS staining, 30 specimens
were selected to have both PAS and HE staining per-
formed in order to compare TM length measurements.
A single ophthalmologlst (TK) graded both types of
staining in blinded fashion. These PAS-stained slides
were obtained from leveled sections of the same patho-
logical specimens-as HE-stained slides.

The images were also evaluated for detectability of
the scleral spurs. Among the 158 angles with HE stain,
two ophthalmologists (TK and YC) classified the images
into two categories: (i) the scleral spur detectable, or (ii)
the scleral spur was difficult to identify.

Statistical Analysis

Overall means and standard deviations were computed
for all continuous variables; summary percentages for
each category were computed for all discrete variables.
Student’s t-test was conducted to compare the ages, and
axial length between male and female group.

Interclass correlation coefficient (ICC) was calculated
to assess the inter- and intraobserver reprodumblhty,
and the agreement between HE and PAS stain
measurements. Bland-Altman plots’? were also used
to evaluate these agreements. Kappa statistics® were
calculated to evaluate the agreement between two
observers in classifying the image if the scleral spur as
detectable or-difficult to identify.

BIBHTS:
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In accordance with Landis et al.,”® the following inter-
pretations for ICC and Kappa statistics were used: slight
is <0.2, fair is 0.21-0.40, moderate is 0.41-0.60, substan-
tial is 0.61-0.80, and almost perfect is 0.81-1.00. A p
value <0.05 was considered to be statistically significant.

All analyses were performed with the R statisti-
cal package (R 2.13 for Macintosh, R’ Founda’non for
Statistical Computing,: Vlenna, Aus‘tna)

RESULTS

This study included 158 angle images from 79 cross-
sectional slides derived from eyes enucleated for
posterior ocular melanoma. Table 1 summarizes the
patients’ demographics and clinical data for the male
and female groups. Of the subjects 40 were male and
39 were female. The mean age of the subjects was
61.8+14.3 years for men and 61 8 +12.8 years for women
(» = 0.99, Student’s t-test). Mean axial length for men
was 24.3+1.9mm and for women was 24.0x1.9mm (p =
0.36, Student’s t-test). Among male subjects, 27 (67.5%)
were White and 13 (32.5 %) were of undeclared ethnic-
ity. Among female subjects, 25 (64.1%) were White, 1
(2.6%) was African American, 1 (2.6%) was Vietnamese
and 12 (30.8%) were of undetermined ethnicity.

In male group, 19 specimens were right eyes and 21
were left eyes, while in the female group 19 samples
were right eyes and 20 were left eyes.

Table 2 provides the results of our measurements.
The average trabecular meshwork length measured
by TK was 694.9+109.0 nm in the male group and
713.2+106.9 pm in the female group (p = 0.29, Student’s
t-test). TM length measured by CY was 732.0+127.0 pm
inmale group and 747.6 +113.4 pm in the female group
{(p = 0.42, Student’s t-test).

Figure 2 shows the Bland-Altman plots for the inter-
and intrareproducibility and the agreement for the

measurements between HE and PAS stain

The average TM length of all the 158 angles by TK
was 703.9+108.0 pm and by YC was 739.7+120.4 um.
ICC for interobserver reproducibility was 0.62 (95% CI:
0.52-0.71).

For the intraobserver reproducibility, ICC (TK as
observer) was 0.88 (95% CL: 0.82-0.92) for the randomly
selected 79 angles, and the average TM length for the
first time and second time were 664.2+101.0 pm and
685.4+102.0 um, respectlvely Average TM length for
selected 30 HE stain images was 701.5+107.0 pm and

for the PAS couterparts was 702.5+ 98.6 um. ICC for the

agreement between HE and PAS specimens was 0.89
(95% CI: 0.76-0.95).

No statistically significant difference was found in
mean age (p = 0.99), axial length (p = 0.36), and tra-
becular meshwork length between the male and female
groups (p = 0.29) (Student’s t-test).

Among the 158 angles graded, one observer (TK)

graded 40 images (25. 3%) and the other (YC) graded 44

®© 2012 informa Healthcare USA, Inc
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TABLE 1 Characteristics of the study groups.

Male group Female group

Parameters (n =40) (n =39) p value
Age (years) 61.8+14.3 61.8+12.8 0.99°
Axaal length 24.3:1.9 24.0+1.9 0.36°
(pm) '
OD:08 : 19:21 ; 19:20 0.91°
Race, no. (%) '
~ White . 27(67.5) 25(64.1)

African 0(0) 1(2.6)

American .

Vietnamese. - 00 1(2.6)

Unknown 13 {32.5) 12 (30.8)

Data were expressed as mean value + standard deviation.
*Student’s -test.by? test.

TABLE 2 TM length as assessed by two observers.

Male group Female group
(= 40) (11 =39) p value®
First observer 694.9+109.0 713.2+106.9 0.29
(TK), (pm)
Second 732.0+127.0 747.6+113.4 0.42
observer
- (YC), (am)
Difference 62.6+84.2 62.2+85.5 0.98
between 2
observers,
(um)

Data were expressed as mean value * standard deviation.
*p values are obtamned by Student’s t-test.

 (28.5%) as difficult to identify the scleral spur. Kappa

statistics for the two observer’s agreement was 0.37 and
can be interpreted as fair agreement.

DISCUSSION

In this retrospective study, we evaluated the av erage

length of the trabecular meshwork of human eyes using

the histological images obtamed from eyes enucle-

ated for posterior ocular melanoma We didn't find a

statistically significant difference in the average T™M

length between male and female groups. Also there

were no statlshcally significant differences in ages, and

axial length between these two groups. We orlgmally

hypotheszzed that higher frequency of PACG in women

is partly due to their shorter trabecular meshwork

compared to men; thus their angles were more easily

occluded than men. However, our results did not show
that the female group had shorter TM length. Previous

studies*’* reported that women have shallower anterior -
chambers compared to men, which suggests that their
increased prevalence of PACG may be more related to
the anterior-to-posterior dimensions of the eye.

Our study is mainly based on the images with HE
staining, since this stain is the most available among
the study subjects. On the other hand, since PAS
staining helps to visualize Descemet’s membrane
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FIGURE 2 Bland- Altman plots of the trabecular meshwork length measurements for inter- and intraobserver reproducibility and HE
and PAS stain agreement.
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better than with HE staining, we speculated that the
PAS stain could identify SL more precisely and thus
affect our measurements. However, the agreement of
the measurements between HE and PAS staining was
classified as almost perfect (ICC:0. 89) in this study. We
concluded that our measurements were not have been
substantially affected by the type of stain.

There are prewous reports which have measured )

TM length using AS-OCT. Cheung et al® reported
that the average scleral spur~to-Schwalbe s line length
measured by Fourier domain OCT (Cirrus OCT, Carl
Zeiss Meditec, Dublin, California) among open-angle
patlents was 662 pm (n = 58) and closed-angle patients
was 681 um (n = 36). Usui et al. reported the average
trabecular meshwork length measured by anterior seg-
ment Fourier domain OCT (SS-1000, CASIA, Tomey
Co., Nagoya, Japan) was 466.9+60.7 um (n = 84).
Overall, our findings are the longest compared with
these prevmus studies. In part, this may be related to

differences in methodologles 1nc1ud1ng the utilization

of pathological specimens in our study. In this study,
we used the point where the Descemet’s membrane
ends as Schwalbe s line. However, we've noted that
there is often a “gap” between where the trabecular
meshwork ends and Schwalbe’s line begms Spencer

et al® reported that there is a smooth area called
“Zone S” between the apical portion of the trabecular
meshwork and the end of the Descemet’s membrane
which is approximately 50~150 um. We speculate that
the Schwalbe’s line found in AS-OCT images could
include this “Zone S” and thus locate Schwalbe’s line
more penpherally, resulting in a shorter measure-
ment. Also, since the majority of our study subjects
were White, the results may not directly compare with
the previous studies Wthh mainly included Asian
populatlons ;

There are several studles that have evaluated the
detectablhty of the scleral spur in the i imaging obtained
by AS-OCT. Sakata et al? reported the detectability of
the scleral spur in images obtained by Visante OoCT
(Carl Zeiss Meditec, Dublin, CA, USA) from normal
populatlons in Sihgapore. They reported that the overall
detectability of scleral spur in their study was 72%.
(.= 2008). Usui et al.! reported that 100% of scleral
spurs were identified in images obtained by the SS-1000
OCT in their study which included 34 normal eyes and
26 eyes with a shallow anterior chamber (van Herick’s.
grading 1 or 2). Cheung et al.’ reported that 85% of

scleral spurs could be identified (1 = 117) by Cirrus
OCT. Overall, the detectablhty of scleral spurs varies

MEGHUTE [
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between 72~100% in these studies using different OCT
machines. We hypothesize that anatomical variation is
also related to detectability of scleral spurs, and thus,
have performed an assessment of the detectability of
the scleral spur using HE slide specimens. Our finding
that 69-72% of the images have detectable scleral
spurs is close to the report by Sakata et al. The main
reason for the difficulty of detecting the scleral spurs
in the histological specimens were due to the density
of the trabecular meshwork structure and the scleral
spurs were almost same in some of the specimens.
Although our results are obtained from examination of
HE-stained specimens, there is a possibility that other
types of stains could visualize the contrast between
scleral spur and trabecular meshwork better and thus
result in better detectability.

Narayanaswamy et al.”” reported that among the
parameters of AOD at 250, 500, and 750 pum, AOD750
is the most useful angle measurement for identifying
individuals with gonioscopic narrow angles in grad-
able AS-OCT images. In their paper, narrow angle
was defined as “the posterior pigmented trabecular
meshwork was not visible for at least 180°.” Our results
showing that the average TM length in men and women
is approximately 700 um appear to support for their
conclusions.

QOur study has several limitations. First of all, due
to the study’s retrospective nature, some of the demo-
graphic data for the patients such as ethnicity were not
available. Although the existence of posterior ocular
melanomas should not be a confounding factor in TM
measurement, there could still be selection bias since
the specimens don’t truly represent a normal popula-
tion. Furthermore, a majority of our subjects were of
White descent, so the results may not be applicable
to other ethnicities. Finally, there may be artifactual
shrinkage of the tissues related to processing, which
may actually result in an underestimation of TM length

In conclusion, we did not find that women have
shorter trabecular meshwork distance in than men to
possibly help explain the greater risk of angle closure in
this population. However our results provide a reference
for the average TM length in a small population of eyes.
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Assaciation of ARMS2 Genotype |
With Bilateral Involvement of Exudative Age- Reiated
Macular Degeneration |

HIROSH! TAMURA, AKITAKA TSUHKAWA KENJI YAMASHIRO YUMIKO AKAGI- KURASH!GE
ISAC NAKATA, H!DEO NAKANISHI, HISAKO HAYASHI, SOTARC OOTO, ATSUSHI OTAN], AND
NAGAH!SA YOSH!MURA B

e PURPOSE: To study the association of ARMSZ A69S
genotype with the development of exudative age-related
macular degeneration (AMD) in the unaffected fellow
eye and to estimate the duration until the development of
AMD in the second eye.

& DESIGN: Retrospective cohort study »

® METHODS: We retrospectively reviewed 326 patients
who had exudative AMD in at least 1 eye, genotyping of
ARMS2 A69S, and a minimum follow-up of 2 years.
Survival analysis and Cox proportional hazard regression
analysis were used to examine the association between
candidate factors and the duration until the development
of AMD in the second eye.

® RESULTS: One hundred nineteen patients {36.5%) had
bilateral exudative AMD at the initial visit. A risk allele
of ARMS2 A69S was more frequently seen in patients
with bilateral AMD (P = .0270) than in those with
unilateral AMD. Of the 207 unilateral AMD patients, 23
(11.1%) had AMD in the fellow eye after a mean
duration of 56.3 = 40.4 months. Fellow-eye involve-
ment was associated with ARMS2 A69S genotype (haz-
ard ratio [HR], 2.673; P = .0013), age (HR, 1.102; P =
.0005), and smoking history (HR, 0.680; P = .3663).
As HRs indicate, correlation of genotype (2.673) was as
high as that of 10-year aging (1.102'9 = 2.641). Survival
analysis revealed that patients with risk homozygous (TT)
genotype had second-eye involvement significantly earlier
than those with other genotypes (P = .0028). When the
observation duration reached 120 months, second-eye in-
volvement had developed in 50%, 6.6%, and 11.2% of the
TT, GT, and GG cohorts, respectively.

e CONCLUSION: ARMS2 A69S genotype is associated
with second-eye involvement of exudative AMD and
with the period between first- and second-eye involve-
ments. (Am ] Ophthalmol 2012;xx:xxx. © 2012 by
Elsevier Inc. All rights reserved.)
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HTRAL, CFH, and C2/CFB.*

= XUDATIVE AGE-RELATED MACULAR DEGENERATION
= (AMD) is one of the most common vision-threat-
= ening eye diseases currently seen in developed coun-
tries. Although 1ts exact pathogenesis remains unknown,
authors of population-based studies have reported various
factors associated with the development of exudative
AMD, including age, cataract, sunbathing, sex, history of
smoking, hypertension, and soft drusen.’* In the clinical
setting, some patients with unilateral exudative AMD
maintamn goed visual function in the fellow eye for a long

“time, while others have development of exudative AMD

in the fellow eye. When visual disturbance attributable to
AMD is seen in 1 eye, the impamrment of quality of life
(QOL) may be limited, but the involvement of exudative
AMD in the second eye, when accompanied by a visual
disturbance, often causes a severe decrease in QOL. The
rate of bilateral involvement of exudative AMD in whites
has been reported to vary from 6% to 9% annually.” In
Japanese patients, the rate is relatively low, with a cumu-
lative incidence of only 11% to 12% over 5 years having
been documented.”™

Recently, many genetic factors have been reported in
the development of exudative AMD, including ARMS2/
Although CFH 1s the
most prevalent susceptibility gene in whites, ARMS2/
HTRALI 1s the most prevalent gene associated with AMD
in Asians.'””'7 Andreoli and associates have shown that
ARMS2/HTRAI 1s associated with phenotypic attributes
of AMD, while CFH is not.*® A higher nsk for bilateral

- advanced disease has been shown m several articles,' "'

and a higher risk of ARMS2/HTRAI for exudative disease
than for atrophy has also been described."”” An increasing

number of reports have shown that ARMS2 A69S is

strongly associated with exudatuive AMD as well as with

typical AMD and polypoidal choroidal vasculopathy
(PCV). In addition, HTRAI polymorphism  has been
significantly associated with bilateral involvement of
exudative AMD’,ZO and Sakurada and associates recently
reported a significant association between ARMS2 A69S
polymorphism and bilaterality of PCV.?' Accordingly, it
might follow that patients with ‘unilateral exudative

- AMD have a higher risk for the development of exuda-
tive AMD in the fellow eye 1if they have a risk allele of

© 2012 BY ELSEVIER INC. ALL RIGHTS RESERVED. 1



ARMS2 A69S. It would be a great help. for both
physicians and patients to be better able to estimate the |
risk of fellow-eye involvement by exudative AMD in
order to determine visit frequency and treatment strat-. .
egy. However, limited information is available about

genetic risk factors for fellow-eye involvement of exu-
dative AMD. In the study described herein, we assessed

the association of the genotype of ARMS2 A69S and.
fellow-eye mvolvement by exudative AMD. In addition, .

survival analysis was conducted to estimate the elapsed
time from the nitial visit for first-eye mvolvement until

second-eye involvement, depending on the partlcular
genotype of ARMS2 A69S.

PATIENTS AND"METHODS

FOR THIS OBSERVATIONAL CASE STUDY, WE REVIEWED
retrospectively the medical records of 326 patients with
~exudative AMD who visited the Macular Service of the
Department of Ophthalmology at Kyoto University Hos-
pital between May 1, 2004 and April 30, 2007. Inclusion
 criteria of this study were 1) exudative AMD in at least
1 eye, 2) initial comprehensive ophthalmic examination
of both eyes, and 3) minimum follow-up of 2 years after
the initial presentation. The diagnosis of exudative
AMD was based primarily on indirect ophthalmoscopy
and fluorescein ang1ograp‘hy,taccordmg to the definition of
the International Classification System for Age-Related
Maculopathy,?* but we also used indocyanine angiography
and optical coherence tomography (OCT) to make the
diagnosis. The current study of AMD included patients
with PCV and retinal angiomatous proliferation (RAP).
However, patients with other macular abnormalities (ie,
pathologic myopia, 1diopathic choroidal neovasculariza-
tion [CNV], presumed ocular histoplasmosis, angioid
- streaks, and other secondary CNV) were excluded from
the study. If detailed examination of either eye was difficult
" because of ocular disease other than AMD, the patient was
" also ‘excluded from the study. ’
Baseline characteristics of the patients were obtained
from their medical charts, including age, sex, presence of
hypertension and diabetes, and history of smoking. Each
patient’s smoking status was categorized into never smoker,
“former smoker, and current smoker, according to the
classification by Nakanishi and associates.”* At the initial
visit, each patient underwent a comprehensive ophthalmic
* examination, including determination of best-corrected
~visual acuity (VA), intraocular pressure measurement,
indirect ophthalmoscopy, slit-lamp biomicroscopy with a
contact lens, and OCT examination. After fundus photo-
“graphs were taken, flucrescein angiography and indocya-
nine green angiography were performed on each patient,
using a confocal laser scanning system (HRA-2; Heidel-
berg Engineering, Dossenheim, Germany). At each sched-
uled follow-up wisit, each patient underwent a complete
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- TABLE 1. General and Fundus Characteristics in Eyes
* With Unilateral or Bxlaterai Exudative Age -Related Macular
Degeneratxon at Initial Presentation.

Unilateral Bilateral
n =207 n =119 P Value
Sex, n (%) .1987
““Female: 68(32.9) 31 (26.1)
~Male D139 (87.1) 0 8B (73.9)
Age (y; mean =+ standard
deviation) 70.1+7.9 74.0x7.7 <.0001
Smoking, n (%) 0076
None . « . 97(46.9)  40(33.6) ‘
Former 51 (24.6) 49 (41.2)
- Current . . 42(20.3):. 28(285) . ..
. Diabetes mellitus, n (%) .20(8.7) . 8(6.7) . .4798
Hypertensnon n (%) (23 7) 24 (20.2). - .4650
Genotype of ARMS2 ABSS ‘ ' ~
(GG/TG/TD) ‘ ‘ ‘ 0270
GG 43(20.8)  22(185)
TG e © 88(42.5)  33(27.7)
T f 1 76(36.7) 64(53.8)
Polypoidal lesion in-either .
" eye, n (%) 144 (69:6) 65 (54.6) .0068

"TABLE 2. General and Fundus Characteristics in Patients
With a'New Development of Age-Related Macular
Degeneration in.the Fellow:Eye 0 °

Fellow-Eye

Fellow-Eye
Involvement Involvement
) )
n=23 n= 184 P Value
Sex s ) ‘ 6192
“Female - C O 6(26.1) 62 (33.7)
Male 17 (73.9) 122 (66.3)
Age ly; mean =
standard deviation) - 69879 72477 .0110
Smoking (none/former/ . . .
current) . e ) ) - 0818
None 13 (56.5) 84 (45.7)

Former ; 10 (43.5) 51(27.7)
Current  0(0) 42 (22.8) ;
Diabetes mellitus 3(13.0 17(02) 8353
Hypertension 6(26.1) 43(23.4) 9769
Polypoidal lésion in the ’ :

first eye't 5(65.2) 130(70.7) - .7679
‘ARMS2 AB9S genotype : )
(GG/TG/TT) .0054
GG : 3(13.0) . 40(21.7)
TG 4(17.4) 84 (45.7)
T 16 (69.6) 60 (32.6)

ophthalmic examnation, including VA measurement, slit-

lamp biomicroscopy, indirect fundus ophthalmoscopy, and
OCT examination. Fluorescein and indocyanine green
angiography was performed if necessary.
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FIGURE 1. Development of exudative age-related macular 'degenerétion in the fellow eye. An 83-year-old woman was referred to
our clinic with a 6-month history of metamorphopsia and visual acuity loss in the left eye. At the initial visit, her visual acuity was
20/2000 OS. (Top left) Initial fundus photograph of the left eye shows a grayish lesion with subretinal hemorrhage and hard
exudate. (Top, second from left) Fluorescein angiography (FA) shows minimally classic choroidal neovascularization (CNV). {Top,
second from right) Indocyanine green angiography (1A) shows blocked fluorescence. (Top right) A sectional image with optical
coherence tomography (OCT) shows a pigment epithelial detachment and cystoid macular edema. (Middle left) Initial fundus
photograph of the right eye shows only soft drusen in the macular area. No CINV was seen, even by (Middle, second from left) FA,
{Middle, second from right) 1A, or (Middle right) OCT. Her visual acuity was 20/30 in this eye. (Bottom left) Thirty months after
the initial visit, fundus photograph of the right eve shows a grayish exudate and subretinal hemorrhage with a large pigment
epithelial detachment. Visual acuity had decreased to 20/130 OD. (Bottom, second from left} FA shows minimally classic CNV
correspondmg to the lesion seen on fundus photograph. (Bottom, second from right) 1A shows retinal angiomatous proliferation.
(Bottom right) A sectional image with OCT shows a large pigment epithelial detachment with cystoid macular edema. The genotype
of ARMSZ A69S was identified as TT. She had no smoking history and had no known systemic disease.

Preparation of genomic DNA was carried out from periph-
eral blood using a DNA extraction kit (QuickGene-610L,
Fujifilm, Minato, Tokyo, Japan). CFH Y402H 131061170,
162V rs 800292, and ARMS2 A69S 1510490924 were geno-
typed via the Tagman SNP assay with the ABI PRISM 7700

tients, 29 (14%) were lost to follow-up. A difference was
considered statistically significant when the P value was
less than .05.

system (Applied Biosystems, Foster City, California, USA).

~All values are presented as mean = standard deviation.
Statistical analysis among genotypes was performed using
x? test for trend or its exact counterpart. In the current
study, the date of occurrence of exudative AMD in the
second eye was regarded as the date when the physicians
documented AMD newly developing in the fellow eye. A
Cox proportional hazard regression analysis was conducted
to analyze the association between genotype, smoking
history; or age with involvement of this fellow eye. In the
currerit study, survival analysis, with the AMD-free period
in the better eye after mutial visit, was conducted using
Kaplan-Meier methods to analyze the relationship between
genotype and second-eye involvement. Of the 207 pa-

RESULTS

IN THE CURRENT STUDY, WE EXAMINED 326 PATIENTS (227
male and 99 female) with exudative AMD. The patients
ranged n ageé from 50 to 90 years (71.6 = 8.0 years) and
all were Japanese. Of the 326 patients, 119 (36.5%) were
diagnosed as having bilateral exudative AMD at the initial
visit. Table 1 shows the general and ocular characteristics
of patients with either unilateral or bilateral AMD at the
initial visit. There was no significant difference in sex
distribution or in coexisting diabetes mellitus or hyperten-
sion between patients with unilateral AMD and those with
bilateral AMD (P = .1987, P = 4798, and P = .4650).
The mean age of patients with bilateral AMD was signif-
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Hezard Ratio ~ ~ 85% ClI P Value

Genotype
GG
TG
T
Smoking -
Never & former
Current
Age (y), mean

1.443-5.489  .0013

| 0.286-1573  .3663

1.043-1.169 0005

ARMS2 A69S was‘assocxabted gn cantly Wxth bllaterahty
of AMD (P = 027) In add1 on, lypcndal lesions were

more commonly seen in patients with unilateral AMD
.0068) at the. . |..

than 1n those with bilateral AMD (P =
initial visit.

- To determine those factors associated with fellow-eye

, 'mvolvement, we further examined 207 patients (139 male
and 68 female) with unilateral AMD at the initial visit

{Table 2). The mean follow-up duration was 56.0 = 30.2

“months (range, 24-182 months). In 23 of these 207

patients (11.1%), exudative AMD developed in the fellow

‘eye during the follow-up period (Fig. 1). The mean elapsed

time from the initial visit until the development of
exudative AMD in the fellow eye was 56.3 + 40.4 months |
(range, 2~ 149 months) Table 3 shows .general and ocular

characteristics of patients with and without fellow-eye
involvement. There was no significant difference 1in sex
distribution, smoking, coexisting diabetes mellitus or hy-
Ppertension, or detection of polypoidal lesion in the first eye
between the 2 groups (P = .6192, P = .8353, P = .9769,
and P = .7679, respectively). The mean age of the fellow
eye (—) group was higher than that in the fellow-eye
involvement (+) group (P = .0110). Regarding the
distribution of ARMS2 A69S genotypes, the GG, TG, and
- TT genotypes were seen in 3, 4, and 16 patients with
‘ fellow—eye involvement, respectively, while seen in 40, 84,
60 patients without fellow-eye involvement, respec-
tively. The risk allele of ARMS2 A69S was significantly
,assoc1ated with fellow-eye involvement (P = .0054). In
contrast, no association was observed with CFH Y402H
151061170 or 162V s 800292 in the current study.

~ Fellow-eye involvement was associated with ARMS2

A69S genotype (hazard ratio, 2.673; 95% CI, 1.443-5:489;
P = .0013), age (hazard ratio, 1.102; 95% CI, 1.043-1.169;
P =.0005), and smoking history (hazard ratio, 0.680; 95%
~CI, 0.286-1.573; P = .3663), in decreasing order (Table
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FIGURE 2. Overall survival analysis curve . of the penod free
from second-eye involvement by age-related macular degen-
eration among patients with discrete genotypes of ARMS2
A69S. Patients with the risk homozygous genotype (TT)
experienced second-eye involvement in -a ‘signiﬁcantly
shorter period of time than did those with other genotypes
(P = .0028). At 120 months after the initial visit, 50% of
TT patients presented with second-eye involvement, while
only 6.6% of GT patients and 11.2% of GG patxents had
second-eye involvement.

3). As hazard ratios indicate, correlatioh :éfA genotype
(2.673) was as high as that seen with 10 years of aging

(1. 1021° = 2.641).

Survival analysis for the AMD-free durauon m the

second eye revealed that the risk homozygous T genotype
“caused second-eye involvement stgmﬁcantly earher than

other genotypes (P = .0028). The medxan surv1va1 time
was 120 months for the TT cohort, was 150 months for the
TG cohort, and was not determined for the GG cohort.

- When the observation duration reached 120 months,

second-eye involvement was seen in 50%  of the TT
cohort, compared with 6.6% of the GT cohort'and. 11.2%
of the GG cohort (Figure ). :
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DISCUSSION

- TO DATE, VARIOUS RISK FACTORS FOR AMD HAVE BEEN
seen in cohort studies, including the Age-Related Eye

- Disease Study (AREDS), the Beaver Dam Eye Study, the ‘

~ Rotterdam Study, and the Blue Mountains Eye Study.'”

‘From these reports, it is generally recognized that smoking |

- and age are common risk factors for any type of AMD.
‘The AREDS recommended supplementation, a combina-

~tion of zinc and antioxidants {B-carotene, vitamin C, and
vitamin E); this produced a 25% reduction in the inci-

" dence of advanced AMD over 5 years and a 19% reduction
-in severe vision loss in those deemed to be at high risk of
having an advanced form of the disease.” However, dietary
supplementation cannot completely prevent AMD or its
fellow-eye involvement. Furthermore, the response to this

~ AREDS supplementanon 1s reported to be related to
genotypes.”

Both in whites and in Asians, CFH and ARMS2/
“HTRAI genes seem to be the major susceptibility genes
for AMD.”¢ U Although i whites, CFH is the most

significantly associated gene, followed by  ARMS/
HTRAI, AMD in Asian patients showed a stronger
association with AMRS2/HTRAI than with CFH.!"*?
A phenotypic study for AMD revealed that ARMS2/
HTRAI 1s associated with visual acuity, RPE hyperpig-
mentation, drusen size, and CNV size, while CFH is not
associated—at least in the Japanese population.”” We
have also demonstrated that, unlike CFH, ARMS2/
HTRAI 1s associated with CNV size in both AMD and
PCV,*¢ and 1s also signiﬁcamlv associated with bilater-
ality of these conditions.”*?**" PFurthermore, recent
reports have shown that the ARMS2/HTRAI genotype
affects visual prognosis of AMD and PCV—even after
photodynamic therapy.”®~
~In the current study, a risk allele (T) of ARMS2 A69S
was more frequently seen 1n patients having bilateral AMD
at the initial presentation than in those having unilateral
presentation. However, even m patients with unilateral
AMD at the initial visit, the ARMS2 A69S risk allele 1s
associated with a higher nisk for the development of
exudative AMD in the fellow eye. As far as our literature
survey could ascertain, there have been no reports on the
_relationship between ARMS2 and the AMD-free period in
the second eye after the initial presentation. Survival
analysis revealed that patients with the TT homozygous
genotype presented with second-eye involvement signifi-
cantly earlier than did patients with other genotypes.
"When the observation duration reached 120 months,
second-eye involvement was evident in 50% of the TT
cohort.
~ The current study also showed that patients with other
genotypes of ARMS2 A69S had a lower risk for bilateral
AMD. Patients that do not have risk homozygous ARMS2
AB9S are estimated to have about a 10% risk of having
fellow-eye involvement by AMD in 10 years, which may be

~of help to physicians who are determining the endpoint of

treatment of the first eye with advanced AMD, especially
when visual function is poor. If visual disturbance is limited to
1 eye because of AMD and other ocular diseases, the quality

kkof life may be not impaired greatly, but once the second eye
1s also involved and the wvisual function of both eyes is

impaired, QOL will be significantly damaged.”® These aca-

‘demic discussions have been applied already to clinical
- practice, as 1s clear in the assessment | for amblyopia screening

in Health Technology Assessment.”
Smoking status and age at the initial visit are also risk

factors for bilateral AMD. In the EUREYE study,

patients with bilateral AMD tended to have a heavier
smokmg history than did those with unilateral involve-
ment. On the other hand, Sakurada and associates did
not report any association of smoking history with
bilateral development of PCV.?’ In the current study,
smoking status had a significant association if bilateral
AMD was diagnosed at the initial visit, but had no
significant association with second-eye involvement by
AMD or with the duration until second-eye involve-
ment. Of smokers at the initial visit, a considerable
proportion stopped smoking after being informed that
smoking is the major risk factor for AMD. Thus smoking
status at the initial visit may not be the best explanatory
variable for the second-eye involvement model. There
remamns conflicting evidence about the relationship
between smoking and second-eye involvement by

AMD, and the influence of smoking seems to require

more nvestigation with a larger body of data, although
in the current study, aging was correlated significantly
with second-eye involvement by AMD, which is con-
sistent with previous findings.”” As the hazard ratios
indicate that the correlation of genotype to second-eye
involvement (2.673) was as high as that of 10 years of

aging (1.1021% = 2.641), the genotype of ARMS2 A69S

has as strong an association with second-eye mnvolve-
ment as 10 years of aging.

The current study has several limitations that need to
be pomnted out. First, this investigation was conducted
as a retrospective study of relatively small size. Second,
elderly patients (over 80 years of age at the initial visit)
were included in the current study, and it might be
mappropriate to include such elderly patients for esti-

‘mation of the future occurrence of AMD in the second

eve. Third, exudative AMD includes subgroups such as
PCV and RAP. It has been reported that typical AMD
and PCV have a similar probability of involvement of
the fellow eye 1n unilaterally affected Japanese patients,

“even though PCV and RAP have different clinical

presentations. Finally, dietary supplementation was not
considered in the current study, and it is possible that
such supplements may contribute to the avoidance of
second-eye affection.

In the current research, we reconfirmed the association of
ARMS2 A69S genotype with second-eye involvement of
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AMD and found an association with elapsed time until second- | candidate genes and other possible factors may reveal more
eye involvement. However, future research involving more | precisely the future risks of fellow-eye involvement by AMD.
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~ Abstract : .
Purpose - To study the retinal structural changes associated
with submacular hemorrhage due to-exudative age-related
macular degeneration (AMD) and their relanonshlps with
visual prognosis.

Methods We retrospectively reviewed the medical
records of 31 consecutive patients (31 eyes) with. visual
ilnpairment due to an acute submacular hemorrhage asso-
ciated with typical AMD (10 eyes) or polypoidal choroidal
vasculopathy (21 eyes).

Results -~ Optical coherence tomography (OCT) revealed
that submacular hemorrhage exhibited intense hyperre-
flectivity beneath the neurosensory retina and often seemed
to infiltrate it. In the OCT sections, mild ‘to moderate
amorphous hyperreflectivity  and/or hyperrefiective . dots
were observed within the neurosensory retina, resulting in
the loss of the junctions between the inner (IS):and outer
(0OS) segments of the photoreceptors. Of the 31 eyes, the
foveal IS/OS line could be seen incompletely in 12 eyes
and was totally absent in 16 eyes. The initial integrity of
the foveal photoreceptor layer was correlated with the final
visual acuity; the initial detection of the IS/OS just beneath
the fovea was correlated .with good final visual acuity
(r = 0.375, p = 0.038). :

Conclusion As a hallmark of integrity of the foveal
photoreceptor layer, the initial detection of the IS/OS just
beneath the fovea may predict good visual outcomes.

N. Ueda-Arakawa - A. Tsujikawa (<) - K. Yamashiro -

S. Ooto  H. Tamura - N. Yoshimura

Deparcment of Ophtha]mology and Visual Sciences,

Kyoto University Graduate School of Medicme,

54 Shogoin-Kawahara-cho, Sakyo-ku, Kyoto 606-8507, Japan
.e-mail. twjikawa@Xkuhp kyoto-u.ac.jp

Keywords = Age-related macular degeneration -
Optical coherence tomography - Polypoidal choroidal
vasculopathy --Submacular hemorrhage

Introduction

Submacular hemorrhage is a vision-threatening compli-
cation associated with exudative age-related macular
degeneration (AMD) [1]. It can cause a sudden loss of
central vision, often resulting in permanent visual loss
[2]. The natural visual prognosis of submacular hemor-
rhage is extremely poor [3-6]. In a retrospective study by
Bennett et al. [3], the mean initial visual acuity (VA) in

eyes with submacular hemorrhage (20/860) improved to

no better than 20/480 after a mean follow-up of three
years. Numerous surgical procedures and several modi-
fications are described, aimed at improving the poor
visual prognosis  [3-14]. For acute large submacular
hemorrhage, surgical drainage or pneumatic displacement

either with or without tissue plasminogen activator is

thought to improve: the visual prognosis [8, 11-14],
However, the effectiveness of subretinal clot removal is
limited [7, §].

The exact mechanism as to why a thick submacular
hemorrhage can cause sudden visual loss remains unclear,
even when the sensory retina within the macular area can
be clearly seen on fundus examination {2]. Histologic
reports -show that submacular hemorrhage can cause sub-

'stantial damage to the outerretina [16, 17]: In experimental

studies with an animal model, Glatt and Machemer [18]
report that the photoreceptors overlying areas of the hem-
orrhage appear to have degenerated and exhibit pyknosis
within 24 h. Subsequent reports suggest other mechanisms
of damage to the photoreceptor layer, including clot
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retraction [19], iron toxicity [20, 21], and blockage of
nutrient diffusion [2].

Optical coherence tomography (OCT) enables the
detection of changes in the retinal architecture and quan-

titative measurement of retinal thickness [22~25]. Recent
advances in OCT technology contributed to a more detailed . ) ;
" Declaration of Helsinki,

understanding of the pathomorphology of ‘mariy ‘macular
diseases [26~28]. However, there is still little information
available on morphologic changes in the neurosensory
retina associated with the submacular hemorrhage [15]. In
addition, various factors are thought to be associated with
visual prognosis in eyes with a submacular hemorrhage,
including hemorrhage size [4, 6], elevation of the overlying
retina [3, 4, 6], and the etiology of the original disease
[3, 5]. However, quantitative evaluations are limited. In the
present study, we studied OCT sections of eyes with sub-
macular hemorrhage associated with exudative AMD. This
was done to elucidate the structural changes in the over-
lying neurosensory retina in order to measure each char-
acteristic - manifestation quantitatively and to study the
associations between the. structural changes and visual
function. Based on the results of these evaluations, we can
now prognosticate the visual outcome of eyes with acute
submacular hemorrhage.

Subjects and methods

For this observational case study, we retrospectively
reviewed the medical records of 31 consecutive patients (31
‘eyes) with visual impairment due to an acute thick subma-
cular hemorrhage associated with exudative. AMD; each of
these patients had visited the Macula Service of the
Department of Ophthalmology at Kyoto University Hospital
_ between April 2007 and March 2010. Of the 31 eyes, 10 had
typical AMD and 21 had polypoidal choroidal vascuiopathy
(PCV). All 31 eyes included in this study exhibited a sub-
macular hemorrhage just beneath the center of the fovea.
Eyes with either a small subretinal hemorrhage with <1 disc
area or an old yellowish discolored submacular hemorrhage
were excluded. Each patient underwent angiography with a
confocal laser scanning system (HRA-2, Heidelberg Engi-
neering, Heidelberg, Germany). In the current study, the
presence of choroidal neovascularization (CNV) was con-
firmed with fluorescein and indocyanine green angiography,
which were performed either at-the initial visit or after the
resolution of the submacular hemorrhage. The diagnosis of
PCV was based on indocyanine green angiography, which
~shows a branching vascular network that terminates in
polypoidal swelling. Eyes with other macular abnormalities
(e.g., pathologic myopia, idiopathic CNV, presumed ocular
~ histoplasmosis, angioid streaks, other secondary CNV, or
- retinal arterial macroaneurysm). were excluded:: Of the 31
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eyes of our patients, 21 were treated with intrévitreal injec-
tions of antivascular endothelial growth factor agents, 2 by
photodynamic therapy, and 1 by pneumatic displacement of
the submacular hemorrhage. This study was approved by the
Institutional Review Board of the Kyoto University Gradu-
ate School of Medicine and adhered to the tenets of the

At the initial examination after the submacular hemor-
rhage had occurred, each patient underwent a comprehen-
sive ophthalmologic examination, including measurement
of best-corrected VA, determination:of intraocular pres-
sure, indirect ophthalmoscopy, slit-lamp biomicroscopy
with a non-contact lens, and examinations with the Spec-
tralis HRA+OCT (Heidelberg Engineering). Using these
initial OCT images, we measured the thickness of the
neutosensory retina, the thickness of the submacular
hemorrhage, and the total foveal thickness (Fig. 1). When
the retinal pigment epithelium (RPE) was not visible under
the fovea because of an overlying thick submacular hem-
orrthage, the OCT measurements were made from a pre-
sumed RPE line obtained from a clearly detectable RPE
line in a more peripheral retinal area not covered by the
hemorrhage. Furthermore, to assess the integrity of the

- outer foveal photoreceptor layer; we examined the junction

between the inner and outer segments of the photoreceptor
(IS/0S) line and the external limiting membrane (ELM)
line in the fovea. The status of the IS/OS and ELM lines
under the fovea was defined as complete, incomplete, or
absent. To assess the density of the submacular hemor-
rhage, the detection of the underlying RPE line was also

+ determuined as complete, incomplete, or absent.

At the final examination, best-corrected VA was mea-
sured and indirect ophthalmoscopy, slit-lamp biomicros-
copy with a noncontact lens, and examinations with the
Spectralis HRA4+OCT were performed, and all eyes

' showed complete resolution of the submacular hemorrhage

beneath the fovea: After the submacular hemorrhage was
resolved, the patients often exhibited a subfoveal mass,
which appeared as a subretinal deposit or fibrosis on the
fundus photographs. Since it was often difficult to deter-

- mine its border with respect to the RPE, we performed

three measurements in the fovea using the OCT images
obtained at the final examination, including the thickness

- of the neurosensory retina, thickness of the subretinal mass

and Bruch’s membrane, and the total thickness (Fig: 1).
The thickness of the neurosensory retina was defined as the
distance between the vitreoretinal interface and the inner
border of hyperreflectivity of either the RPE or the sub-
retinal mass. The thickness of the subretinal mass and
Bruch’s membrane was defined as the distance between the
outer border of the neurosensory retina and the fine straight
line of the elastic fiber layer of the Bruch’s membrane.
Total thickness was defined as the distance between the



