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~world, as well as in Japan [4, 5]. The value of cataract - .
surgery is firmly established, and as a resull, cataracts

account for approximately one-third of medical spending
on eye care [6]. As the Japanese population ages, the

prevalence of visual impairment is projected to .increase. .

from 1.35% of the population in 2007 to 2.0% by 2050 [7];
hence, visual impairment resulting from cataracts is on the
rise. Therefore, an important challenge is to assess the cost-
effectiveness of cataract surgery.

A cost-effectiveness study that uses the concepts of
utility and quality-adjusted life-years (QALYSs), in which
the quantity of life is combined with the quality of hfe
(QOL), is termed a cost-utility analysis. Several previous
studies have assessed the cost-utility of cataract surgery [8—
13]. In the US, Busbee et al. [8] reported that the cost-

utility of first eye cataract surgery was $2,020/QALY and

concluded that initial cataract surgery was highly cost-
effective when compared with procedures across multiple
..medical specialties. In. Sweden, Kobelt et al. [9] estimated
the cost-utility of cataract surgery in one eye as US $4,500/
QALY, and a recent systematic review to determine the
cost-effectiveness of cataract surgery concluded that it is a
cost-effective procedure by any measure in the Western

world [11]. To confirm the generalizability of the cost-

utility of cataract surgery in the real-world setting in Japan,
we conducted a multicenter study based on data from 12
clinical sites in Japan.

; 3' Participahts and methods

This suidy was a prospective multicenter observational
study conducted by the Eye Care Comparative Effective-

- ness Research Team (ECCERT) at 12 clinical sites in Japan

V - (see Appendix). A prospective observational protocol was

_developed .by ECCERT to evaluate visual and: patient- -

.reported. outcomes before and after routine cataract sur-
gery. Seven ophthalmologic departments 1n university
hospitals, three .ophthalmologic departments in public

. hospitals, and two private surgical clinics were recruited;

- all agreed to participate in. the study. The study. protocol
was approved by the institutional review board of each
facility, and the conduct of the study followed the tenets of
the Declaration of Helsinki.

Study population

Patients were eligible for inclusion in the study if they were
scheduled for first eye, second eye, or bilateral cataract
surgery, and were aged 50 years or older. Patients were
.excluded if the planned cataract surgery was a combined
procedure involving glaucoma, corneal, or vitreoretinal
surgery. Further exclusions were made. if patients had any
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‘macular diseases, glaucoma, opti
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visually significant coexxstmg ocular: patholoo sucl
atrophy, ambly pa“ and
proliferative diabetic retinopathy with dementia, or were
unwilling or unable to respond to the complex questions.

Each participant gave written informed consent to partici-
pate in this study. Patients were recruited from 1 November
2008 through 28 February 2010. A total of 349 pauents
were initially registered.

A full preoperative medical history and an ophthalmlc
examination for each patient were obtained. The ophthal-
mic examination included visual acuity, types of cataract
(nuclear, cortical, or posterior subcapsular cataract), and
presence of any other ocular disease. The visual acuity was
reported as a corrected decimal acuity obtained according
to the usual routine of each clinic. The ophthalmologist
who performed the examination reported:the results using a
structured data sheet. Intraoperative ‘techniques, ‘compli-
cations, and 3-month clinical outcomes were also reported
by the treating ophthalmologist. All patients were asked
whether they had'a history: of systemic comorbidities,
including cardiovascular diseases. (hypertension, angina,
heart failure, myocardial infarction, use of 'a pacemaker),
cancer, diabetes, renal and hepatic diseases, gastrointestinal
diseases (gastric ulcer, entertis, colitis), respiratory dis-
eases, musculoskeletal” diseases . (rheumatoid  arthrits,

. spinal disorder), neurological diseases (paralysis such as

stroke, need for ambulatory assistance), and deafness or
hearing impairment.:

Utilities assessment

Prospective assessment of patient preference-based QOL
(utility) was performed before and after the surgery. In
health economic analysis, utility is defined on a continuous
scale from O to 1, where 0 corresponds to the worst possible
QOL weight (equal to death) and 1 corresponds to the best
possible QOL weight (equal to perfect health). The patient
preference-based time tradeoff (TTO) method was used in
this stady {14]. Each patient was interviewed: preopera-
tively by trained interviewers, not by the attending oph-
thalmologists. All the interviewers in the participating
clinics had completed the training workshop, and utility
values were obtained by them in an agreed-upon fashion

- using the same questionnaire and the standard technique of

each facility. The patient was asked if he/she would be
willing to trade a certain portion of his/her remaining life,
from a life expectancy of 20 years, in return for being rid

‘of visual impairment and all its associated effects under

these hypothetical conditions. Time tradeoff utility was
calculated according to the  following equation: util-
ity = 1 — x/20 (x = years of life he/she would be willing
to give up). Out of the 12 clinical sites, 1 site could not
conduct the TTO interview; therefore, results from
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questionnaires completed by 440 patients from 11 clinical
sites. were included in the TTO analysis at baseline.
Information for other utility assessments was collected
from the patients by means of survey questionnaires. The
questionnaires consisted of the Japanese versions of the
_EuroQol (EQ5D) [15, 16] and the Health Utility Index

) .. Mark 3 (HUI3) {17, 18]. The EQSD comprises 5 questions

that measure 5 health concepts (mobility, self-care, usual
- activities, pain/discomfort, and anxiety/depression), with 3
. levels of answers leading.to 243 possible combinations of

_answers describing a, different. health status between 1 -

(= perfect health) and —0.063 (a health status that can be
. considered worse :than death). The HUI3 -comprises 15
.questions addressing 8 health attributes (vision, hearing,
speech, ambulation, - dexterity, - emotion, cognition, and
pain) and 1 question that measures overall self-assessed

., health status. . A weighted-scoring -algorithm is applied to -

combine the scores of each attribute to derive a value

- _between 0 and 1 to represent utility of the overall health

~ state (perfect health = 1, deceased = 0). These question-
.. naires were collected from-the 12 clinical sites; however,
- because of inability-to collect survey forms and no method
_.to account for the missing values; we were able to obtain
answers from only 541 patients for the EQSD and 496

patients for the HUI3 at baseline. The patients were -

~ encouraged to complete -the follow-up -questionnaires,
.- which included the TTO, EQ5D, and HUI3 questionnaires,
‘mailed to. their homes 3 months after the surgery, and to
return them by post. Later, however, for reasons including

. withdrawal of consent, insufficient information on clinical
findings from the responsible physicians, and . inability to
.- collect survey forms from patients, we were able to obtain
- complete information on only 381 patients for the TTO

method, 482 patients for the EQSD, and 434 patients for -

" the HUI3.
.. Cost-utility analysis

The cost estimates for this study included only direct costs.

. All medical costs are uniformly standardized:by the social - -

medical insurance system in Japan. The medical costs
associated with cataract surgery were calculated based on
- the Japanese social insurance medical fee payment. The
unilateral cataract and bilateral cataract surgery fees were
¥121,000 and ¥242,000, respectively. - We assumed that the
cost of treating posterior capsule opacification (PCO) by
neodymium:yttrium—aluminium-garnet (Nd:YAG) capsu-
lotomy needed to be taken into account postoperatively for
11.4% of the patients according to the results of a meta-
" analysis of 6 prospectiVe studies performed in Japan
" [19-24]. The other medical costs included the imtial
consultation, preoperative visit, cost of hospital treatment
" (postoperative medications, anesthesia fees, inpatient facility

- fee, eye examinations), and postoperative management

(3 postoperative visits) associated with cataract surgery. The
costs of complications other than PCO were not encompassed
by the medical costs.

Cost-utility analysis was performed on the basis of the
cost model and measured utility data. The utility gain was
assumed to last until the end of the remaining statistical life

. expectancy of each patient as determined on the basis of
_ the abridged life tables for 2008 in Japan [25]. The number
-of QALYs gained was calculated by multiplying the

measured utility gain (difference in utility before and after
surgery) and the patient’s mean life expectancy, together
with an assumed annual discount rate of 3%. The cost of
cataract surgery was divided by the number of QALYSs
gained, which was estimated as Japanese yen/QALY
(®/QALY). The costs were converted into US dollars at a

:2009 exchange rate of 93.68 Japanese yen to I US dollar
- (Federal Reserve; https://www.federalreserve.gov/releases/
. gSa/current/). ~

Statistical methods

Data were analyzed using Stata 10 software (StataCorp;
 College Station, TX). The results are given as the mean and
-standard deviation (SD), as the mean and 95% confidence

interval (CI), or as the median. The significance ‘of the

- difference in utility before and after cataract surgery was
-analyzed with a paired ¢ test for dependent samples. An

independent samples ¢ test was used to compare the utility
gain in unilateral surgery:-with that in bilateral surgery.
Multiple linear regression models were used to assess the
associated factors affecting utility at baseline for- all
patients. The regression model with robust standard errors
(Eicker-Huber-White) was adjusted for age, sex, corrected
distance visual acuity in the ‘better-seeing eye (better VA),
corrected distance visual acuity in the worse-seeing eye
(worse VA), types of cataract, ocular past history, other
ocular diseases, and the number of systemic comorbidities.
First, each variable was analyzed in a univariate model.
Then, all variables with a significance level (P) of less than

'0.25 were included in a multivariate mode]. Because each of

the clinical sites was an independent unit with its own
examiners, infrastructure, and administrative structure for
eye care, the assignment of patients was conducted sepa-
rately and independently, and the cataract surgery proce-
dures varied according to the clinical site. For’analy‘sis of
the data pooled from the multiple centers, we also per-
formed a meta-analysis to assess the utility gain after uni-
lateral cataract surgery and bilateral cataract surgery. The
random effect model was used to evaluate the pooled effect
of the uulity gain. Visual acuity data obtained by the dec-
imal unit (counting fingers was categorized as an acuity of
0.004, hand motions as 0.002, and light perception as 0.001)
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- were converted to.Jogarithm of the minimal angle of reso-

lution (LogMAR) unuts for statistical-analysis. A P value of

. less than 0.05. was considered statistically significant. -

Sensitivity analysis

One-way sensitivity. analyses were performed by varying
the discount rate of 0 and 5%, the cost by 25%;, the cost

_excluding the PCO treatment 'cost; the treatment effec-
tiveness using the results from the meta-analysis and within -

. the 95%. CI observed in the study, and survival in the short
-term (5-and 10 years). :

Results

- The age of the patients (n = 549) enrolled ‘in the study -

ranged from 50 to 89 years (average, 71.0 £-7.9 years;

214 men and 335 women). These 549 patients: with com-

plete data on visual acuity before surgery were available
for inclusion in the study, and the utility from:the TTO
method (n = 440), EQ5D (n = 541) and HUI3 (n =
could be used:in the analysis at baseline. Table 1 sum-
marizes the characteristics of the samples at baseline. The
baseline mean utility (FTTO) (0.60) was lower than the
utility of the EQ5D (0.84) and HUI3 (0.65).

The preoperative utilities (TTO) obtained: from- 440
patients at baseline were stratified according to the cor-
rected distance visual acuity in the better VA :(decimal)
(Table 2).. The utilities were. correlated with 6 different
visual stratifications. As the visual acuity in the better VA
. decreased, the corresponding utilities (TTO) decreased at
every visual stratification level (Table 2).

Factors associated with preoperative utilities (TTO) are
given in Table 3. In a multiple linear regression model
adjusting for age, sex; visual acuity in the worse VA

Table 1 Patients’ characteristics before surgery

.. Characternistic o.n Mean £ SD:. Median

Age (years) 549 710479 71
Women 335 717 + 7.5 on
Men P 69.7 + 8.4 70

VA (IogMAR) 549 ;
Better eye 0.16 + 028 0.1
Worse eye 0.51 £0.52 \ 0.4

Utilaty .-
TTO 440 0.60 + 028 0.65
EQ5D | ; 541 0.84 £0.15 - 0.79
HUI3 496 0.65+024 0.69

VA visual acuity, logMar loganthm of minimal angle of resolution,
TTO time tradeoff, HUI3 Health Uulity Index Mark 3
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496) -

(logMAR); types of cataract, ocular history, ocular comor-
bidiues,- and- the history of systemic comorbidities, the

- better VA (logMAR) showed a significant-correlation with
- utilities (TTO). Uulity changed by-0:21 for each change in

visual acuity of -one (logMAR) (P < 0.001; Table 3).
Although age also had a significant effect, the regression
coefficient-was very small (=0.01), and the overall ' model

- was significant (n = 429, F.<0.0001, R?> = 0.10).

Before ‘the surgery; 15 patients-cancelled undergoing
cataract'surgery, and by‘3 months;'5 more patients had also
withdrawn. Thus, complete data on visual acuity were

- obtained for 529 ‘interventions. Although ‘completed fol-
* Jow-up questionnaires were received from 490 patients, no
- method was provided ‘to account:for the' missing values,

and therefore, incomplete -questionnaires ‘were excluded.
Finally, the utilities: using the: TTO ‘method (n = 381),

‘EQ5D (n = 482), and HUI3 (n = 434) could be used in the

analysis:of the final outcome.
Intraoperative techniques were’ phacoemulsification and
aspiration- with' intraocular lens implantation in all cases.

- Out of 529-surgeries, 18 had the complication of posterior
-capsule rupture (3.4%). The ‘mean better VA (logMAR)

and worse VA:(logMAR) 1mproved to —0.05 £ 0. 10 and

~0.03 £ 0.25, respectively:

The study population consisted of 3 subgrOups:f group 1,

1n which both eyes were operated on (n ='312); group 2, in

which only the first eye was operated on (n = 157); and
group 3, in which the second eye was operated on (the first
eye had been operated on previously) (n = 60). In the
entire ‘group of 381 participants, ‘the overall utility (TTO)
showed a statistically significant improvement from 0.60 at
baseline to 0.85 3 months after cataract surgery. In the
subgroup analysis, all groups showed a statistically sig-
nificant improvement of utility in the: TTO, EQ5D, and
HUI3 (Table 4). The utility gain from the bilateral cataract
operations was significantly higher than that from the
unilateral cataract operations (combined first eye and sec-
ond eye operations) in the TTO method (P = 0.01) and
HUI3 - (P = 0.02), but not in the EQ5D (P = 0.88).
Tables 5 and 6 1llustrate the combined effect of the pooled

Table 2 Uulity values associated with visual acuity in. the better-
seeing eye

Visual acuity (decimal) Uulity (TTO) - SD on
<0.1 0350 0399
<02 0.419 0.289 8
<04 0.553 0293 29
<08 ‘ 0.558 0293 167
<10 0613 0.256 89
=10 0.685 0250 141
* Overall 0.604 0.281 440
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Table 3 Factors associated with preoperative utility
Variable Univariate analysis - Muluvariate analysis®

Coefficient ~ (95% CI) Pvalue  Coefficient  (95% CD) P value

Age (per +1 year old) —0.01 (~0.01 to -0i00k)‘ - <0.001 —0.01 (=0.01 to —0.00)  <0.01
Female (vs. male) —0.06 (—0.12 10 —0.01) 0.02 —0.05 (—0.10 t0 0.01) 0.10
VA better (per +1 logMAR VA) -0.25 (—0.34 to —0:15) <0.001 —0.21 (-0.32 10 —0.09)  <0.001
VA worse (per +1 logMAR VA) —0.06 (=0.11 10 —O}Ol) 002 0.00 (—0.05 t0 0.06) 091
Nuclear cataract (present vs. absent) 0.00 (—0.07 10 0.06) 0.94 )
Cortical cataract (present vs. absent) —-0.04 (—0.09 to0 0.02) 0.20 -0.03 (—=0.09 10 0.03) 0.32
PSC cataract (present vs. absent) -0.04 (—0.10 to 0.01). 011 —-005 (—=0.11 t0 0.01) 009
Ocular past history (present vs. absent) 0.01 (—0.07 10 0.09) 078 )
Other ocular diseases (present vs. absent) -005 (—0.13 to 0.03) 0.23 -0.03 (=011 10 005) - 051
Systemic comorbidity® —0.02 (—0.09 10 0.04) 0.48 0.00 (—0.06 10 0.06) 099
Systemic comorbidities® —0.08 (—=0.14 to —001) 003 —-004 (=011 10003) 0.25

VA better logMAR visual acuity in better-seeing eye, VA worse logMAR visual acuity in worse-seeing eye, PSC posterior subcapsular

_ *Only vanables with a P value of less than 0.25 . the univariate analysis were included in the muitivaniate model

: a One systemic comorbidity versus no systemic comorbidity

o ® More than 2 systemic comorbidities versus no systemic comorbidity

Table 4 Utility gain (before and-after. utility change by cataract surgery)

‘Characterisuc - st eye suroery 2nd ey‘e‘sur‘gery‘ Bilateral surgery
. Age (mean =+ SD) G : 69.0+ 8.2 699 £ 79 T2 77
o . ‘ : . 157 60 ) 312
* Utility (mean % SD) ‘
TTO Udlty (n) T 109 38 o234
Utlity (before surgery) 066+ 025 0.64 + 029 058 + 0.29
Utility (after surgery) 0.84 £ 028 088 + 0.23 085+ 0.25
Utihty gain 018 + 027 024 + 0.30 0.27 + 0.33
P valuet P <0001 P <0.001 P < 0.001
'EQSD Utility (n) B 138 52 , . 292
 Utility (before Sufoery) . 085+016 0.83 + 0.16 0.84 + 0.15
 Utility (after surgery) © 0.89 £ 0.15 0.92 + 0.13 0.90 + 0.15
Utility gain 0.05 + 0.15 009 + 0.17 0.06 & 0.16
P value* P <0001 P <0.001 P < 0.001
HUB uwolty () 131 47 256
Uulity (before surgery) 0714025 070 £ 020 0.62 + 0.24
Utility (after surgery) 079 £018 079 =022 076 £ 025
Utility gamn 008 £ 0.21 0.08 + 0.25 0.14 + 0.25
P ovalue* P <0001 P <005 P < 0.001

* The: significance 'of the. dxfferences»mnutilikty before and after cataract surgery was analyzed with a paired itest R

‘data of utility
centers The mllity gam (TTO) was 0.13. for unilateral

" surgery dnd 0. 76 for bil alelal suroery when all chmcal sites

were combined in a meta analysm using the landom effect

Mean QALYs gained by czilyaréctksurgcry\, kw‘hxch were
calculated by multiplying the u;ulli‘y gamn [difference
uulity (TTO) before and ia‘fte‘r‘ surgery] and the hfe

gain (TTO) obtamed from the multiple '

e\peclancy of each pduent together with an assumed
annual discount rate of 3%. was 2.40 (95% CI.1.61-3.20)
for um atexal opcratnons (the ﬁlSt operation) and 3.40 (95%
CI 2,86 -3.95) for bilateral ioperatxl‘o‘n_s,Tbc medical costs
assoctated with umlat‘eral .cataract surgery and. bilateral
cataract surgery wérc estimated at ¥294.055 and ¥495.225,
respectively (Table 7). This ‘en\compass;ed the hypothetical
cost _o‘f YAG for 11.4% of the patients n the study. Given
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Table 5 Meta-analysis uulity gamn (TTO) of unilateral surgery

Chnical sites Weights Utility gain 95% Cl

.. Site 1 90.0 027 (0'16 10 0 38)
Site 2 1168 004 (001100 09)
Site 3 86.9 0.29 (0'17 to 0°40)
Site 4 117.4 <003 (-0 07 10 0:02)

. Sies . 685 0.28 (0.12 t0 0-44)

 Sie6 836 016 (0.03 to 0.28)
Site 7 116.2 005 (-000 0 © 10)
Site 8 76.6 019 (0.04 t0 0 33)
Site 9 818 0.21 (0.08 t0 0.34)
Site 10 918 011 (001 to 0 22)
Site 11 1110 0.07 (00010 0.13) .
Combined ‘ 013 (007100 19)

the cost of cataract surgery; the resultant cost-effective-
nesses (¥/QALY) gained from unilateral cataract surgery
and bilateral cataract surgery were found to be ¥122,472/
QALY and ¥145,526/QALY, respectively. Based on the
2009 yen-US dollar exchange rate, $/QALYs gained from
unilateral cataract surgery and bilateral cataract surgery
‘were calculated to be $1,307/QALY and $1,553/QALY,
respectwely The results from the uulity gains in the EQSD
and HUI3 are also given in Table 8.

Sensitivity analysis

In one-way sensitivity analysis, the cost per QALY was
relatively ‘robust against discounting or varying the cost
(Table 9)." Our results did not vary “significantly when
varying the treatment effectiveness according to the results
of the meta-analysis and were within the range of 95% CI
observed in the study. However, varying the life expec-
tancy resulted in a substantially increased cost per QALY.

Discussion

Cost-utility analysis is a type of economic evaluation that
quantifies the cost-effectiveness of a process, such as a
treatment,
through the measurement of QALYs in which years of life
are adjusted using utility as qualitative weighted factors.
Cost-utility analysis is increasingly advocated as a method
for assessing the value for money of different health-care
interventions since it allows for a comparison of health-
care interventions across all medical specialties. Previous
studies have demonstrated that cataract surgery is a very
cost-effective procedure in medicine (8, 11, 26, 27], and
the results of our analysis provide support that this is also
the case in Japan. The data presented herein show that
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cataract surgery yields a ¥/QALY ‘gain of ¥122.472
($1,307) for unilateral ‘surgery and ¥145,526 ($1,553) for
bilateral surgery using TTO utility, a 3% discount rate, and
nomunal 2009 US dollar-yen exchange rate. The results of
our ‘study. were roughly comparable to- those reported by
Busbee ($2,020, first eye; $2,727, second eye) [8, 27).
While there is no explicit threshold for the incremental cost
per QALY, there is some consensus on the rule of thumb
that costs are economically attractive below $20,000 per
QALY, are acceptable up to $50,000 per QALY,.and are
possibly acceptable up to $100,000 per QALY [28, 29].
Therefore consndermg cost, our study has demonstrated
that cataract surgery is extremely cost-effective not only
for one eye, but also for both eyes. Most previous studies
demonstrated the cost-utility of cataract surgery. only for
one eye. However, because approxxmately 60% of the
patients in our study had cataract surgery in both eyes our
result indicates that the cost-utility of bllateral cataract
surgery is virtually identical to that of * mcremental” cat-
aract surgery in the actual situation in Japan.

Many of the previous reports were based on models or
registry data rather than on a real-world setting [8, 9],
indicating that previous estimates were based on observed
visual acuity data translated into utility, not on actual
measurement of utility obtained from individual patients,
as in our study. We measured each patient’s utility béfore
and after surgery at 3 months; thus, the change in the utility
can reflect the direct effect of utility gained by the cataract
surgery without the involvement of other comorbldmes

Although several methods are available to measure
utility, the TTO method requires pauents to decxde which
health state they prefer—their present health state or a
normal health state in return for which they give u‘p’time of
life—and thus, it can dxrect]y measure the preference-based
QOL of patients. Time tradeoff utility is reproducible and
reliable on a test-retest basis over a prolonged period of
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- Table 6 Meta-analyss: utility gain (TTO) of bilateral surgery
Clinical sites* Wexghts Utility galh kQS%Cl
Site 1 130.3 0.14 (0.01 10 0.27) site 1 ——
Site 2 196 8 0.27 (0.19 10 0.36) site 2
Site 3 188.7 0.37 (0.28 to 0 45) site 3 — ; *B‘
‘Site 4 114.2 0.17 (0.02 t0 0.31) site 4 —_—
Site 5 1872 0.30 (0.2110 0.39) site 5 - ——
Site 6 125.6 0.13 (-0.00 t0 0.26) site 6 - N E
Site 7 97.2 0.33 (0.17 10 0 50) site 7 - R
Site 8 127.7 023 (0.10t0 0 37) site 8 | —
Site 9 149 0 0.30 (01810 0.41) site 9 +
Combined 026 (0.20 0 0 31) Combined -} =
T T T T T T T T T T T B T
* Owing to the small sample size, 2 sites were excluded from the analysis 5 4 -3 2 1 0 1 2 263 4 s
. TTO gain

time and has excellent intraobserver and interobserver
reliability {14, 30]. At the same time, it is applicable to all

health states and readily understood by patients, and thus -

regarded as the most suitable instrument for use in cost-
utiity analysis [14]. Therefore, the TTO method is
accepted as a formal method for quantifying the relative
impact of a given health state or disease on patient lives
[8, 14, 26, 31, 32]. To measure the utility gain from
ophthalmic treatment, the TTO method is more sensitive (o
small changes in utility than are generic survey question-
naires, such as the EQ5D and HUI3. The EQ5D does not
address visual impairment, and the HUI3 has only 2
questions about sight out of 16 questions. Predictably, the
utility measured by the TTO method showed higher
improvement than did those of the EQ5D and HUI3 in our
study. While using generic measures should theoretically
allow us to compare results for a variety of different health
states, as revealed by previous studies [33-37], our study
has shown that disparities exist in the utilities derived from
the EQS5D and HUI3.

" Uulity associated with ophthaimic disease has been most
highly correlated with better VA [38]. Data from the analysis
presented here also indicate the same relation between visual
acuity and utility Vision is only one of the many factors
affecung utility; thus, the vision improvement resulting from
. cataract surgery seemed to account for a small part of the
change n utility. However, the effect of cataract surgery on
utihty (TTO) was highly significant: Moreover, our findings
indicated that even in the utility gain demonstrated by the
EQSD and HUI3, the change 1n utility was significant. [n our
. study, 144 of 440 patients had better VA of >1 0 (decimal),
and the corresponding utilities (TTO) were fairly low
(0 685) However, even in the patients with better VA of
>1 0 (decimal), a mean utility gain of 0.18 was obtained by

cataract surgery. This means that while for clinicians visual
acuity is the precise and most important standard to measure
the effectiveness of the surgery, it is not so for patients.
Although visual acuity is the most important predictive
factor of utility, patients place emphasis on their daily life
activities and overall subjective quality of life.

One of the most outstanding features of cataract surgery
is its ease of maintenance of the visual outcome After a
few months for recovery from the surgery, patients usually
do not need any medication or additional treatment for the
rest of their Lives, and therefore, the additional medical
costs are very low. Another feature 1s the long duration of
the benefit of visual outcome. Posterior capsule opacifica-
tion i1s the most common long-term complication after
cataract surgery, with an estimated incidence of almost
11.4% [19-24], but-usually visual losses due to PCO are
not very severe. Even for cases of PCO, a one-time YAG
capsulotomy can provide lifelong recovery of good vision.
Lundstrom and Wendel’s long-term study showed that 80%
of the patients who had cataract surgery still had improved
visual function 7 years after surgery {39]; therefore, the
cost-utility of cataract surgery is valid for the life span of
the patient. :

Some limitations in this study must be considered.
Although the common inclusion and exclusion criteria for
selection of the patients were established, the study popu-
lation was not randomly selected at each clinical site. In
addition, owing to incomplete questionnaires and with-
drawal of patients from the study, complete data for utility
(TTO, EQ5D. and HUI3) were obtained from 381, 482, and
434 patients, respectively Despite this potential source of
error in the outcome measures, our samples were not ran-
dom but representative of the current situation of cataract
surgery in Japan since they were large samples obtained
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Table 7 Medical costs (2009
nominal Japanese yen-US dollar
exchange rate)

? Value based on the
assumption that 11.4% of the
patients would develop PCO
and need YAG laser
‘capsulotomy

® Costs were converted into US
dollars using the 2009 foreign
exchange rate of 1 US

$ = 93.68 Japanese yen
(Federal Reserve)

‘Table 8 Cost-utility of cataract

Eye Care Comparative Effe‘cixy‘e‘ri\eézsijes‘ea‘r‘ch‘T‘e;'fci‘;n:(ECCERT)

Services ' Costs (yen) (Us $)°
Cataract surgery (1 eye) o o .
Iniual consultation and preoperative visit' ¥27,070 US$289
Surgical fee ¥121.000 US$1,292
Cost of hospital treatment ¥127,680 US$1.,363
Postoperative visit ¥15,250 US$163
Subtotal ¥291,000 US$3,106
PCO treatment (I eye) ¥26,800 ' US$286
_ Total ¥294,055" US$3,139
Cataract surgery (both eyes) ‘ o
Initial consultation and preoperative visit ¥27,070 US$289
Surgical fee ¥242.,000 - US$2,583
Cost of hospital treatment ¥201,260 . - US$2,148
Postoperative visit ¥19,980 US$213
Subtotal ¥490,310 US$5,234
PCO treatment (both eyes) ¥43,120 US$460
Total ¥ 495,225° US$5,286

QALYs gan

Cost .

" sirgery Group CosUQALY; (yen) (US dollars)
Oné eye® o k k k
"TTO 240 ©¥294,055 ¥122,472 " US$1,307
EQ5D 081 e ¥364,380 US$3,890
HUI3 136 ¥216,058 US$2,306
Both éyes . k
TTO 340 ¥495225 ¥145,526 US$1,553
® The utility gain in 1 eye used  EQSD 075 ¥659,421 US$7,039
here is'the utility gain for the HUI 185 ¥267,834 US$2,859
first eye operation . - -
Table 9 Cost-utility Vsensiuyvity analysis )
One eye o Both eyes
“TTO EQ5D HUI3 TTO EQ5D. HUI3
 Base case C vinam ¥364,380 ¥216,058 ¥145526  ¥659421 ¥267.834
Varying the di§coum rate (%) . V o .
0 ¥94,582 . ¥2:67,080 ¥159,639 ¥115,115 - ¥527,396 ¥208,780
5. ¥142,193 ¥436,283 ¥257,266 ¥166,742 ¥751,480 ¥309,322
Varying treatment effectiveness : RET : o
Meta-analysis utility® ¥168,590 ¥487,446 ¥287,468. ¥146,365 ¥629,371. ¥246,812
QALYs (upper 95% CI) ~ ¥92,036 ¥245,046 ¥154,198 ¥74,539 '¥297,025 ¥130,286
QALYs (lower 95% CI) ¥182,984 ¥701,802 - ¥360,362 ¥102,780 ¥573,207 ¥204,063
Varying life expectancy (years) - :
5 ¥354,710 ¥1,284,083 ¥738,832 ¥387,197 ¥1,725,523 ¥745,821
10 ¥190,450 ¥688,653 ¥396,835 ¥207,903 ¥925,654 ¥400,020
Varying costs : . S
Increased by 25% ¥153,090 ¥455,476 ¥270,073 ¥181,908 ¥824276 ¥334,792
Decreased by .25%. ¥91,854 ¥273,285 ¥162,044 ¥109,145 ¥494,566 ¥200,875
Without PCO treatment ¥121,200: ¥360,595 ¥213,813 ¥144,082 ¥652,876 ¥265,176

® The utility gain from the results of the meta-analysis and the mean life expectancy of the whole sample (16 3 years) were used
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from 12 different clinical sites that included university
hospitais‘ .general hospitals, and private practices The
.mean age. and ‘postoperative better VA of the mlssmg
- samples did not significantly differ from the values of the
entire sample, mdlcatmg that there was no difference
between patients who answered all the questions on the

follow-up questionnaire and those who did not. Another

~ limitation of this study was the incomplete analysis of al
“the incremental costs of .cataract surgery or of those

induced by performing surgery versus no surgery. In this

study; only the direct cost’ (mcludmg PCO treatment for
11:4% of the patlents) wnhout ‘any comphcanons was

assessed. An in-depth cost analysis, the influence of com-

~ plications, and a risk analysis may. provide further under-
. standing of the cost-effectiveness ‘of cataract sufgex'y.

*In summary, routine cataract surgery in Japan is highly
cost-effective, not just for unilateral surgery, but also for
bilateral surgery. Contributing factors are the high clinical

.effectiveness of the surgery, the substantial improvement n

~ patient- pe1ce1ved quahty of hfe and the reasonable cost of

" the surgery. These results were strongly supported by the
results derived from the generic outcome measures, such as
the EQ5D and HUI3, and this consistency supports the
validity - and Oenerahzabxlxty of our findings. Given the
limited resources for health care, cataract surgery is one of
the most powerful health-care interventions to produce
great health gains for a great number of people at low cost
This: information, taking into account the clinical effec-

tiveriess that incorporates patient preferences and cost, will -

play an increasingly crucial role in the evaluation of health
care inthe future
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Abstract
‘Purpose . To understand the functional and psychosocial
aspects of strabismus surgery, an evaluation based ‘on the.
patient’s perspective is essential: In this study, we assessed
quality-of life and utility in adult patients who had under-
- gone strabismus surgery, and we modeled the cost of:
providing this intervention in order to calculate the cost-
utility of strabismus surgery in adults.
Methods ~The study' population comprised: 226 patients
with strabismus aged 18 years or.older who were scheduled
for ocular alignment surgery at 12 facilities of the:Stra-
. bismus -Surgery Study Group in Japan.: Survey - question-.
. .naires consisting of ‘the Japanese versions: of the Visual
. Function Questionnaire-25 (VFQ-25) and 8-Item Short-
Form Health Survey (SF-8) and utility -assessment by a
time trade-off method were administrated preoperatively
and 3-months postoperatively. On the basis ‘of ‘the cost.
model and measured utility data, the:gains in quality-
adjusted life.years (QALYs) and $/QALY - were estimated.
Results  Postoperatively, the subscale scores of the VFQ-
25 and the physical and mental component summary scores
-of the SF-8 showed a statistically. significant improvement.
A significant improvement of utility. was also noted:
:0.82.0.28 postoperatively versus 0.76 =& 0.31 preopera-
tively. On the basis of the:life expectancy of these patients:
and the.cost model, the surgery. resulted in-a mean value:
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‘gain of 0:99 QALYs and a cost-utlhty for strablsmus sur-

-gery .of 1,303 $/QALY.

Conclusions . By: using standard tools ‘to assess vision-
associated andgeneral health status, ‘we confirmed the
psychosocial benefits of corrective surgery for adults with

-strabismus. Our. study . concurrently - demonstrated that

strabismus surgery in adults.is very cost-effective.. .

Burden of disease - Quality of life:-
Utility - VFQ-25

Keywords
Strabismus -

Introduction

Several studies have demonstrated: favorable clinical and
functional outcomes. of strabismus surgery in adults [1-6].
Elimination of diplopia, sensory. fusion, restoration of bin-
ocularity, and expansion of the binocular: visual fields are

. recognized as functional outcomes-of adult strabismus sur-
- gery. An additional aspect of adult strabismus is psychoso-
- cial functioning [1,7-9]. Olitsky-and associates [8] reported
‘that strabismic participants were more likely to.be perceived

as being less intelligent and:less competent and as having

- poorer communication skills. than orthotropic participants.
“Coats -and  associates -[9] reported potential . adverse voca-

tional implications of :strabismus. These negative social

" impacts: associated with noticeable strabismus are likely to

cause patients to develop psychological difficulties. Menon

- and associates [10] reported that 80% of patients with stra-

bismus felt that they had problems.in:their social lives and

_ thata positive change in self-esteem:and self-confidence was
. noticed by 95% of the patients after surgery. Satterfield and

associates -[i 1] reported. that correction. of strabismus in
adults might offer improvement in.psychosocial function-
ing. From these observations, a.recent report of the
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American Academy of Ophthalmology concluded that sur- -
gical treatment of strabismus in adults is generally safe and

effective in improving ocular alignment [12].
Despite these favorable outcomes, the value of adult

strabismus surgery: appears ‘to ‘be . underestimated. and- is -

sometimes regarded as only a cosmetic treatment, even by
ophthalmeologists [13]. Unlike other eye surgeries, such as
cataract surgery and retinal detachment surgery, adult
strabismus surgery does not usually improve the visual
acuity nor save the eyes from permanent visual loss. To
capture the multidimensional outcomes of strabismus sur-
gery including the functional and psychosocial aspects,
evaluation based on the patient’s perspective is important.
For patient-based outcomes, quality of life (QOL) assess-
ment and utility analysis are generally used. In the field of
ophthalmology, assessment of the impact of ‘€ye disease on
the daily lives of patients and on social economics has been
actively performed in the United States and European
countries [14-17]: Regarding. strabismus surgeries, how-

ever, there are as yet few reports that! use :quantitative

measurement to evaludte:the functional and psychosocial
- ‘benefits-and also assess: the! cost—utlhty of strabismus sur-
< gery [18, 191 Lesoe ;

“For quantltatwe evaluation of QOL, it is essenual to

apply ‘measurement -tools- with - verified reliability and' -

validity. Hence, the Japanese versions of the Visual
Function Questionnaire-25: (VFQ-25) and ‘8-Item Shori-

Form Health Survey (SF-8) were selected for this study

[20, 21]. The VFQ-25, originally developed by Mangione
and associates [22], has become the standard tool to assess
vision-related QOL. The SF-8 is a shortened form of the

standard tool for generic QOL, the 36-Item Short-Form'

‘Health Survey (SF-36) [23].:

Another method adopted in the present study was utility
assessment, which summarizes QOLstatus. as asingle
number [24]. Utility assessment is a formal method for
quantifying the relative impact of a given health state or
-disease on a patient’s:life. Although several methods have

been developed to assess utility, the time trade-off method:

“is the most standard and widely used [24,:25]; hence, it was

used in: this- study: Utilities' could be -used . to: compare
patients’ - preferences for strabismus: outcomes with those
for different - symptomatic medical -conditions, such as
angina, asthma, and visual impairment [26-28]. They could
‘also be used ‘as’ weights in the calculation of quality-
" -adjusted life years (QALYs), which are used as denomi-
" nators in cost-utility analyses [26-28]. The outcome of an
* intervention is thus evaluated by offsetting the cost of the
intervention with QALY gained from the intervention. In
this study, we assessed the utilities in adult patients who
underwent strabismus surgery ‘and modeled the cost to
provide this intervention in order to' calculate the cost-
utility of strabismus surgery in adults.:

Participants and. methods . =~ . "

This multicenter study was conducted at 12 facilities of the
Strabismus Surgery Study Group in Japan (see Appendix).
The inclusion criteria were that the patients had to be aged
18 years or older and scheduled for strablsmus surgery at
any of these facilities. Patients who were unable to answer
the survey questionnaire or who planned to undergo sur-
gery or laser treatment for.-an-ocular- comorbidity: were
excluded. The principles of the World:Medical Association
Declaration of - Helsinki - were .followed. . Each-. ‘patient
received a thorough explanation of the purpose of the study"
and of all the procedures involved in the study and had the
opportunity to examine the informed consent form prior to
enrollment. The protocol was approved by the institutional
review board of each facility, and all patients - provided
written informed consent. )

Registration of the patients was carried out between
March 2007 and November 2008 with 273 patients. being
initially .registered.  Later, however, owing to reasons
including. withdrawal. of consent, insufficient information
on clinical findings from the responsible. physicians, and
inability to collect survey. forms from patients; we.were
unable to - obtain complete -information: on. 47. patients.

- Therefore, the final -number of participants was 226 after

exclusions.
For _the 226 registered patients, mforncmon on oph-.
thalmological findings was collected from the responsible

" physicians, and information on' QOL and utility  assess-

ment - collected from' the - patients: by .means . of - survey
questionnaires. - The questionnaires consisted. of the Japa-

--nese versions of the VFQ-25 and SF-8 and of:.a ques-

tionnaire - for the time trade-off measurements.” The

‘reliability and validity of the-Japanese versions: of the

VFQ-25 -and --SF-8 are considered comparable to the
English versions [20, 21].

‘Utility is defined on a continuous. scale from. 0 to 1,
where 0 corresponds to the worst: possible QOL weight
(equal-to death) and 1.to the best possible. QOL weight
(equal to perfect health). The time:trade-off method used in
the study. consisted of 2. questions [19;:24].:In the first
question, the patient was asked: to estimate his/her own life
expectancy.-The patient was then asked if he/she would be
willing to trade a certain portion of the remaining life from
the estimated life expectancy (off the end of his/her life) in
return for being free from strabismus and all its associated
effects under these hypothetical conditions. Time trade-off
utility, was calculated accordmg to the followmg equation:
Utility = 1 — x/t (where x = years of life he/she would be
willing to give up and r = histher own life expectancy).
After having had the questionnaires explained to them, the
patients were asked to fill them out at home and to return
them by post. The surveys were distributed preoperatively,
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either at the initial consultation or at the preoperative visit,
and 3 months postoperatively. .

All rnedrcal costs in Japan are uniformly standardized by
a social medical insurance system. Medical costs associ-
ated with strabismus surgery were calculated on the basis
of the Japanese Social Insurance Medical Fee Payment for
fiscal year 2008 (Table 1). The surgical fee was calculated
from the information regarding the number and type of
surgery performed for each case. Other medical costs
included the initial consultation, preoperative visit, anes-
thesia fees, postoperative medication, and 3 postoperative
visits (the next day, 1 week, and 1 month after surgery).
For cases in which a second operation was performed
because. the first operation was not adequate, an additional
surgical fee, postoperative druu costs, and costs for 3
postoperative visits were added The costs of compllcations
were not included in the medical cost model.

Cost-utility analysis was performed on the basis of the
cost model and measured utility data. The utility gain was
assumed to last until the end of the remaining life expec-
tancy of each patient as estimated using the abridged life
tables for 2008 in Japan. The number of QALYs gained
was calculated by multiplying the measured utility gain
(difference in utility before and after surgery) and the
patient’s life expectancy, together with an assumed annual
-discount rate of 3%. The cost for strabismus surgery was
divided by the number of QALY gained, which resulted in
an estimate of Japanese yen/QALY. The $/QALY was
calculated on the basis of the yen—US dollar exchange rate
in November 2008 (1 US dollar = 96.4 Japanese yen).
- One-way sensitivity analyses were performed by varying
the discount rate of 0 and 5%, medical cost of 25%, utility
gain within the 95% confidence interval (CI) observed in
the study, and duration of alignment in the shorter term (5,
10, and 20 years).
~ For statistical analyses, IBM SPSS Statlstlcs software

(IBM SPSS Japan, Tokyo, Japan) was used. The results

Table 1 Medical costs assoc:ated with extraocular muscle suraery
for strabismus in Japan

Serv1ce Cost (yen)
Initial consultation and preoperative visit . 21,000
‘Surgical fee :
Recession 42,800
Resection 42,000
Recession and:resection 84,400
Oblique muscle surgery - 66,100
Horizontal and’oblique ‘muscle surgery © 94,300
Muscle transposition ‘ ) 124.000
Anesthesia fee and postoperative drug costs 6,000
Three postoperative visits - 10,000

@ Springer

were given as the mean and standard deviation (SD) or as
the mean and 95% CI. The significance of the dlfferences
was analyzed with the Wilcoxon signed rank test of the chi-
squared test. A probability value <0.05 was considered
statistically significant. Multiple linear regression models
were used to assess the associated factors affecting post-
operative utility value. The regression model was adjusted
for age, sex, type of strabismus, cure grades based on the
Japanese criteria, postoperative composite VFQ-25 score,
and summary SF-8 scores. Each variable was first analyzed
in a univariate model and then all variables were included
in a multivariate model.

Results

The 226 patients (106 men and 120 women) enrolled in the
study ranged in age from 18. to. 87 years (average
45.7 & 18.5 years) (Table 2). Of these; 168 patients were
diagnosed as having concomitant strabismus (CS group;
136 patients with exotropia and 32 with esotropia) and 58
patients with noncomitant strabismus (NCS group, 38
patients with paralytic strabismus, 17 with restrictive
strabismus, and 3 with strabismus of unknown etiology).
When the patients were divided into the CS group or NCS
group, there were no ‘statistical differences in age and sex
between the 2 groups. Approximately one half of the
patients in the CS group had congenital or childhood-onset
strabismus. (P < 0.001, chi-squared test), and 32 cases
(19.5%) had a history of previous strabismus surgery
(P < 0.01, chi-squared test). In contrast, 70.7% of patients
in the NCS group were adulthood~onset patients and hkely
to suffer from diplopia (P < 0. 001, chi- -squared test).
There were no major surgical complications such as
postoperative infections, lost muscles, and refractory dip-
lopia (Table 3); however, 16 patients (8 in. the CS group
and 8 in the NCS group) requlred addmonal surgery
because of madequate alignment. When postoperative
conditions were classified according to the Japanese crite-
ria_of strabismus cure [79] 38 patrents (16. 8%) .were
classrﬁed as excellent 41(18. 1%) as good, 5 (2. 2%) as fair,
100 (44 2%) as cosmetlcally satrsfactory, and 42 patients

(18. 6%) as not 1mpr0ved Drfference in the grades of cure
_ status between the CS and NCS groups was not stanstxcally

‘10n1ﬁcant (Pearson’s ch1 squared test) .
The VFQ-25 scores of the pamclpants are shown in

: Table 4. The VFQ-25 scores are expressed from 0 to 100 by
.each subscale with 0 representmo the worst_ and 100 the

best. One hundred and fifty participants (68. 1%) answered
the driving subscale of the questionnaire; the remaining
participants who. did not .drive completed the rest of the
questionnaire. When the postoperatlve subscale scores
of the VFQ-25 were compared with those obtained
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‘Table 2 : Demographic features, . . 7
of study participants.,
preoperatively

'Strabismus’ patients enrolled in the stady

CSe=1B @ NSe=SH® Tl (1226 (%)

' Age (mean % SD; years)
Sex o
‘Male -

Female

‘Onset of strabismus
From bmh/chlldhood R
Adulthood
Unknown ~

“Direction of strabismus
Esotropic
Exotropic
Vertical
Others

: e ‘ 'Prevxous strabxsmus surgery
CS'concomitant strabismius,

g . B Presence of d1 lopia .
NCS noncomitant strabismus : plopi

451 £ 184 476187 o 457 + 185

- 82(488) ’ 24 @414 S 106*(46.9)\"
86 (5L 34/ (58.6) SN 20+(53.1)
g8 (52 »‘17:(’29‘.53‘)~ SR 05 (@64
69 4Ly T AL oy U110 (487)
l’klk (6:5) : 0 T 11 (4.9)
23090 0 1BEe 450199

136 (81.0) oA 137606
o 8 (483) 2824
o S w6 @ie 16 (7.1).
32095 2064 ' 34/(15.0)
35208 41007 76095)

Table 3 Surgxcal results of
study pamc:pams

Strabismus:patients .enrolled in the study

CS (n=168) (%) ~NCS (n="58) (%) = Total (1= 226) (%)

Major complications 000 . 00.0) o 0 (0.0) .

Additional surgery S 8(48) . 8(138) 16 (7.1)

Cure. status R . . ST o
Grade 4: excellent 26 (15.5) - 0 12.2007) . 38 (16.8)
Grade 3:"good . 28 (16.7). 13 (22:4) .41 (18.1)
Grade 2. fair g 5 (3.0). 10 (0.0 5(2.2)

y Grade 1: cosmetically satisfactory - 76 (45.2) : 24 (41.3) - - 100 (44.2) -
CS concomltant strabismus, .

. “Grade 0: not improved :
NCS noncomxtant strabxsmus ) P

preoperatively, all VFQ-25 subscales except for the general

health subscale in tHeNCS'group showed a' statistically
sxgmﬁcant 1mprovement (P < 05, Wllcoxon 81gned rank °

test).
‘ The SF-8 scores of the’ participants are shown in

Table 5. The SF-8 scores mcludmg the physical and mental
component summary scores were all between 45 and 50.
“When the” preoperatwe and" postoperatxve subscale SF-§ .-
scores of: all partu:lpams were compared, 6 out of 8 sub- -

“scales (not the bodlly pam and vitality subscales) showed
statistically 51gn1ﬁcant differences (P < 0.05, Wilcoxon
signed rank test). The differences between the summary
‘scores for the physical and mental component SCOres were

) statxstxcal]y swmﬁcant (P < '0.05, Wllcoxon sxgned rank -

test). -

‘The dlsmbuuon of ut1hty is shown in Fw 1. Thirty-
three patlents were excluded because they did' not answer
the questions that determine utility values. The profile of

33/(196). . - 9. (15.5) : 42.(18.6)

these 33 patients did not significantly differ in age, sex, and
types of ‘strabismus from those ‘of ‘the remammg 193
patients. Of the 193 patients who completed the tife trade-
off questionnaire, 39 indicated the same utility before and
after surgery, 4 reported a loss in utility, and the remaining
150 patients reported a gain in utility.. Overall, the mean
utility value in the preoperative period was 0.76 =+ 0.31
(Table 6). Postoperatively, the mean utility .value was
0.82 £ 0.28, resulting in a 0.05 % 0.15 gain in-utility.
Statistical differences in preoperative utility; postoperative
“utility, and gain in utility were not observed between the
CS and NCS groups (Wilcoxon signed rank test). =
Factors associated with postoperative utility are shown
in Table 7. When each variable was analyzed in .a uni-
variate model, postoperative utility-had a significant, but
~weak correlation with age, VFQ-25 composite score, and
- SF-8 physical component summary: score (r = —0.303,
r.= 0.187, and r = 0.252, respectively; Pearson’s product-
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- Table 4 Preoperative and postoperative VFQ-25 su‘bsca‘lesc‘ores‘ of the participants

49.2 4 7.0*

Subscales CS:(n = 168) NCS (n=58)" - Total (n-= 226):
Preoperative Postbperzitivé 5 Preoperatlve B _”Pesiépefdtive" : ‘Preoperauve " Postoperative
General health 60.8 + 18.1 65.1 & 18.5*% 55.9 + 187 592+ 17.5 59.5 + 183 63.3 & 18.8%
General vision 58.8 £ 19.1 73.2.£:15.9% 50.8 +£ 193 69.8 & 16.6% 56.7 + 19.4 724 £+ 16.0%
Ocular pain 76.0 & 20.4 82.3 £ 15.6% 69.0 + 24.8 79.5 £ 19.1% 742 +£21.8 81.5 £ 16.5*
Near vision 75.0+£18.0 - . 83.8F147% 68;2 + 19.1 776 & 17.1% 7324185 823 + 15.3%
Distance vision 72.3 4189 82.7 £:14.8% 65.5 + 21.1 76.9 &+ 16.1* 70.5 £ 19.7 81.3 + 15.1%
Vision-specific : ' - : ‘ . i
Social functioning 82.0.+16.3 89.8/413.0% 75 8 +21.1 . 856 + 12.6% 80.4 £ 17.9 889 :!: 12.8*
Mental health 65.2 + 23.7 79.9 £:18.3* 52 1+ 258 . ‘72,3_ + 24.2% 61.8 & 24.9 78.1 & 20.2%
Role difficulties 812+ 185 884+ 1547 6924218 . 800 & 19.2% 78.1 £ 200 86.3 £ 16 8%
" Dependency 854 £719.3 91.6 4 14.5* 797 £ 237 87.0 & 19.3* 83.9£206 904+ 159%
Driving 71.6'£26.4 1.5 +£22.3% 58.1 + 317 724 £ 268% - 68.14284 759 & 23.9%
Color vision 91.0'% 13.8 933 £.12:1% 862 + 15.8 9174 119% 89.8+ 145 93.0 + 12.0%
Peripheral vision 64.8 + 232 g 752 & 21.4% ¢ 57.6 £ 29.7° - 68.0 4+ 24.4% ©63.04+252 73.6 + 22.2%
- Composité score" 735+ 15.2 81.9 4 12:0% 65.9 £ 18.3 767 % 13.8% 716+ 163 80.6 £ 12.6*
Results are expressed as mean = SD ' o
CS concomitant strabismus, NCS noncomxtam strablsmus
o Stansncally sngmﬁcam difference (P < 0.05, Wilcoxon signed rank test)
Table 5- Preoperative and postoperative SF-8 subscale scores of the participants
Subscales CS (n=168) - NCS (n = 58) Total (n = 226)

‘ Preoperative Postoperative Preoperative Postoperative Preoperative Postoperative
General health 499 + 6.8 51.8 & 6.3% 49.1 £ 7.1 503 +£7.1 49.7 & 6.9 51.4. =+ 6.6%
Physical functioning 479 £ 6.0 49.6 £ 6.7 474 + 64 489 4 5.9% 48.6 * 6.2 49.4 & 6.5%
Role physical 475 £ 7.6 499 £ 6.0 448+ 113 48.5 3 6.9* 47.7 £ 88 495 &+ 6.3%
Bodily pain 52.0 + 8.5 525+ 8.8 513+£92 53.6 :l: 8.8% 52.2 + 8.7 52.8 + 8.8
Vitality 50.6 + 6.2 513+ 6.6 499+ 73 51164 50.6 + 6.5 S 513£65
Social functioning 46.7 £ 8.5 49.3 £ 7.8% 46.5 £ 9.6 474 + 8.4 472 + 8.8 48.8 £ 8.0
Mental health 49.1 %+ 7.1 S03£7.3% 46069 489 & 7.4% 48.2 & 7.1 49.9 +£7.3
Rdle emotional 477 £ 170 49.9 + 6. 4% 45.6 £ 104 487 + 5.8% 47.7 4 8.0 49.6 +.6.3%
Physical component summary 486 £ 7.0 50.0 £ 6.6 477+ 78 495 + 7.4% 491 £7.3 49.8' % 6.8%
Mental component summary 477 %72 4534+79 GTOET4 T 487 £73%

473 £ 8.0

Results are expressed as mean % SD
CS concomitant strabismus, NCS noncomitant strabismus

* Statistically significant difference (P < 0.05, Wilcoxon signed rank test)

moment correlation). In a multiple linear regression model

adjusting for age, -sex, type- of strabismus, postoperative -

“cure grade, VFQ-25 composﬂ:e score, and SF-8 physical
" and mental component summary scores, only age had'a
significant effect, although the standardlzcd B coefﬁc;ent
was small' (=0.004). -

The QALYs gained by ‘the ‘surgery, which were calcu-
lated by multiplying the utility gain (difference in utility
before and after-surgery) and the patient’slife expectancy,
together with an assumed annual discount rate of 3%, was

_@ Springer

0.99 & 2.89. The average medical cost associated with
extraocular muscle surgery for strabismus was-124,926 +
32,395 yen. Given the cost of strabismus surgery, this
resulted in a cost-utility of 125,630 & 41,728 yen/QALY.
The $/QALY, calculated based on the yen-US dollar
exchange rate in November 2008, was 1,303.4 434 $/
QALY: Differénces in QALYs gained by:surgery, medical
costs, and yen/QALY ($/QALY) between the CS and NCS
groups ‘were not statlstlcally swmﬁcant (Wx]coxon signed

rank test).
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In the one-way sensitivity analysis, the cost per QALY

was relatrvely -robust “against the varying discount rate
or varying’ cost (Table 8). Our results did not differ 51g-
nificantly. when varying the. utlhty gain within the. range of

601
3
40 -
30

20

- Number of patients

10

<03 03t 0410 05t 06to 0.7‘to 0.8to 09tc 1.0
<04 <05 <06 <0.7 <08 <09 <10

Utility

Fig. 1 Distribution of preoperative (white bars) and postoperative
(black bars) utilities as measured by the time trade-off method

95% CI observed in the study. ‘Varying the duration of
ahgnment however, resulted in substamlally increased cost
per QALY

Discussion *

-To ‘capture a person’s health status is not simple, .consid-

ering: the multidimensional and multifactorial: natures of
QOL [22-24]. Nevertheless, numerous: methods: have
recently been developed. to. measure. QOL status, mainly
because the importanceof evaluation based on the patient’s
perspective -has become widely recognized. In: the. current
study, we. used 2 different: measures: QOL:- assessment
through - survey questionnaires and utility analysis to
quantitatively evaluate the effect of adult strabismus sur-
gery on patients” QOL. .

This study used the VFQ-25 and SF 8 as. QOL ques-
tionnaires for over 200 surgical -cases-of “strabismus in
adults. Several mvestlgators have reported the psychosoc1al

beneﬁts of correcnve surgery for adults w1th strablsmus [,

Table 6 Preoperative and postoperative utility values, quahty adjusted life years (QALYs) gamed by the surglcal intervention, yeleALY and

$/QALY of the participants -

\ CS (n = 141) NCS (z = 52) P value Total (n = '193)
‘Utility ;
Preoperative 0.75 + 0.32 0.80 £ 0.25 0.271 0.76 % 0.31
Postoperative 0.80 =+ 0.30 086 + 0.20 0.108 082 £ 028
‘ Utility gaed 0.05 + 0.15 0.06 + 0.16 0.637 005015
QALYs gained 0.90 =+ 2.60 1.25 + 3.59 0.530 0994289
Cost (yen) 119,407 & 25,879 132,398 + 41,851 0.718 124,926 + 32,395
Yen/QALY 132,396 + 54,003 106,326 £ 34,420 0.375 125,630 + 41,728
$/QALY 1373 + 561 1,103 + 358 0.375 1,303 & 434

Results. are expressed as mean =+ SD
CS concomitant strabismus, NCS noncomltant strabismus

P value indicates that there were no statisucally significant differences between the CS and NCS groups (ercoxon 51gned rank test)

Table 7 Factors associated with postoperative utility of the participants

Univariate analysis

Multivanate analysis

* B Coefficient (95% CI) o Pvalue” " - B'Coefficient (95% CI)* “P value

o Age . .. .. _.—0005(0.007 to —0.00) 0303 <000l —0.004(-0.006t0~0001) 0004
Sex . - . 0018(-0061100.10) . 0033 0650 0057(-0.02t00.134) . 0.47
Type of strabismus —0.008 (—0.07 to 0.05) 002 . 0787 —0.011(=0.071 to 0,049) 0716

- Cure grade 0.019 (~0.01.t0 0.05) 0095 0194 0014 (~0.013.t0 0.042) 0303
VFQ-25 composite score 0.004 (0.001 t0-0.01) 0.187 0.035 0.001 (—0.003.t0 0.005) -~ 0679
SF-8 PCS - 0.01 (0.005 to 0.02) 0252 . <0.001 0.005 (~0.002 to 0.012) 0.131
'SF-8 MCS 0.00 (~0.005 t0.0.01) 0.006 093 0.001 (~0.005 to 0.006). 0.791

Cl confidence interval, r Pearson’s product-moment correlation, VFQ-25 Visual Furiction QueStionnaire-ZS.‘ SF-8 8-Item Short-Form Health
Survey, PCS physical component summary, MCS mental component summary
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Table 8 Cost-utility sensmvny analysis

Yen/QALY CS (n = 141). NCS (n = 52) Totl (12 = 193)
Base case 132396 106326 125630
Varying discount rate (%)
0 - 76,628 6L175 72,882
5 177651 141,824 168,965
Varying costs
Increased by 25% 165,843 132,398 157,734
Decreased by 25% 99,505 179,439 94,641
Va;rying;u‘tility gain ‘ o ‘ -
Lower 95% C1 207,976 171,759 197,308
Upper 95% CI 97,407 80,444 92,644
Varying duration of atignment (years) o }
10 . r 355,989 289,174 338,584
20 204,928 166,465 194,908

CS concomitant strabismus, NCS noncomitant. strabismus; C/ confi-
dence interval

11,12]. The SF-8isa survey to assess generald health-related - -

QOL, and therefore, may not be sensitive enough to eval-

- uate ocular diseases. Our results,. however, confirmed these

previous findings by using standard tools to assess vision-
associated and general health status Postoperatwely, all the
VFQ-25 subscale scores and the SF-8 physical and mental
component summary scores showed statlstrcally significant
1mpr0vement

Another method adopted in this ‘study was utility
assessment, ‘which summarizes .QOL status as a single
number. We estimated the mean utility of strabismus adults
to be 0.76 £ 0.31 by the time trade-off method, which was
comparable to that prevxously reported by Beauchamp and
associates [19]. The interpretation of .this utility is that
patients expecting to live 10 more years would give up, on
- an average, 2.3 years of that time to be free from strabis-

mus. Although several methods are avallable to measure: -
utility, the time trade-off method incorporates the quantity.

of lifetime directly into the utility measure, which some
researchers believe makes it a preferred method of ‘mea-
" surement [ \.,] “Thus, the time tladc off method is
accepted as a formal method for quant]fymg the relative
impact of a given. health state or disease on.a patient’s
life [25-27). i :

Utlhty assessment by the time trade-off method

enables comparisons to be made across dlfferent medical

conditions. For ‘example, ‘the preoperative results from
surgical patients in the present study (mean utility ‘0.76)
- are comparable to those of ophtha]rmc and nonophthalmic
,:condmons diabetic retinopathy with 20/20-20/25 visual
acuity in the better-seeing eye, 0.86; age-related macular
degeneration with 20/20-20/25 visual acuity in the better-

" seeing eye, 0.84; unilateral amblyopia with 20/80 in the

@ Springer

“This"is assitmed “to result from the relatxvely Jow

amblyopic eye, 0.83; mild stroke, 0.88; moderate post-
myocardial infarction, 0.80; and early-stage piostate
cancer, 0.72 [25-27].

We also measured the utility gain associated with stra-
bismus surgery in adults, which was 0.05 on ‘average. The
utility gain in our study appears to be smaller than that
reported by Beauchamp and assocxates [J‘)] (mean ‘utility

gain 0.12). The reasons for this di crepancy are unclear;
however, the result of the cost—unhty analysxs in our study
(1,303 $/QALY)" based on the cost ‘model for ‘Strabismus
surgery and the measured utility gain was comparable to that
repotted by Beauchamp “and associates (1 632 A

costs in Japan when compared to those in the Umted States.

" Treatments with an associated incremental cost- unhty of

<50,000 $/QALY are generally considered cost-effective
[25-27]. Therefore, considering cost, our study demonstrated
that strabismus surgery in adults is very cost- effectlve

" However, the results of thxs tudy raise several issues.

©One is whether the improved utlhty measured shortly after

surgical intervention (3 months after the surgery) can be
sustained. In the base model of our study, the utlhty gain
was assumed to last until the end of the remaining life
expectancy The ‘effect of surgtcal ahgnment however

might not be mamtamed for a 11fet1me since 15 0% of
patlents in our study had prevrous surgery for the correc-
tion of strabismus. Sensmvxty analysis revealed that the
cost_per QALY was substantially mcreased ‘when the

" duration of alignment was limited 1o 10 years. On the other

hand, Coats and associates [13] reported that adults with
strabismus tend to postpone surgical - mterventlon by
19 9 years on’ average. If the effect of surgical alwnment

" were maintained for a long tlme, strabrsmus surgery per-

formed at a younger age would be ‘more cost-effective,

“given the relatively long life expectancy. Long- term post-

operative data are. necessary to evaluate the sustamablllty

“of the’ utlhty gam Cautlon ‘'should also be exercised as the

data of strabismus surgery in adults in the current study do

_not directly translate for strabismus in chlldren Although

several authors reported the social and emotlonal impact of
strabismus on’ QOL in chxldren [30, 3 ] the cost effec-
tiveness “evaluation” of ‘strabismus surgery in children

_Tequires c1rcumspectron consrdennc the difﬁculttes in

summatizing their health status.
In conclusion, by using standard tools to assess vision-

‘associated ‘and" general health ‘status, we conﬁrmed the

psychosocial benefits of corrective surgery for adults with
strabismus. Our study concurrently demonstrated that
strabismus surgery in adults is very cost-effective.
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 Appendix

~ The Strabismus Surgery Group in Japan. The followmg

1nd1v1duals partxcrpated in this study

~ Central Unit and Writing Committee

o .Natronal Insutute of Sensory Organs, Natronal Tokyo
Medical Center, Tokyo Kelko Fujuke Yoshmobu M1zuno
Masakazu Yamada.

- National Instxtute of Publxc Health Yoshrmune Hrratsuka

Clinical sites

Niigata Umversrty Medrcal and Dental Hospltal Nngata
Atsushi Miki, Rie Shirai.

Jichi Medlcal Umversny, Shrmotsuke Shlnjl Makmo

Kozue Hozawa.

National Hosprtal Orgamzatron Tokyo Medrcal Centerf g

Tokyo Tomoko Katsuta, Shin Hatou.

. Hamamatsu Umversuy Schoo] of Medxcme Hamama- o

__tsu: Miho Sato, Akiko Hlkoya Yuka Maruyama~Korde
" Yoko Tsuchlya, Rlsako Inagakl, Setsuko Masak1 Mitsuko
Anma, Max Asano Megurm Washlyama

Yagasaki Eye Clinic, Ichmomlya Teiji Yagasakl
Hayako Matsuura, Yuko Ota, Noriko Ito Kaon Muraguchi,
Momoyo Oga.

Shohzanka1 Medxcal Foundatlon Miyake Eye Hospltal’
Nagoya: Sampel Mryake ' Ken-ichiro Natsurne Kurumi

Kawakam1 Taeko Takada.
Nagoya Umversrty School ‘of Medlcme Yoshlko Takar,

Kiyoko Ukai.

~ Osaka University Medical School,

) ‘Asonuma

Hyogo College of Medlcme lehmomlya " Akiko' -

_meura, Chigusa Alhara Mak1 Tanaka.

Matsuyama Red Cross Hospltal Matsuyama Ichrro"

" Shimamura.

Social Insurance Chukyo Hospltal Nagoya Yoshlmx

Oya, Mariko Maeda.
Tsukuba Memorlal Hospltal

’l‘sukubai Yuka Sato,
Kousuke Tak1 ‘
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Clinical Features of Anterior Segment Dysgenesis
Associated With Congenital Corneal Opacities

Chika Shzgeyasu MD Masakazu Yamada, MD, PhD Yoshinobu Mizuno, MD, Tadashi Yokoz, MD,
Sachzko sthma, MD, PhD, and Norzyukz Azuma, MD PhD

Purpose: Anterior segment dysgenesis is one of the main causes of
congenital corneal opacities. In this study, we investigated the clinical
features and visual outcomes of patients with anterior segment
dysgenesis in a large number of cases.

Methods: The medical records of patients with congenital corneal
opacmes m relation to anterlor segment dysgenems seen in the
National Center for Child Health and Development, Japan, between
April 2002 and October 2009, were retrospectively studied.

Results: Records of 220 eyes of 139 patients were reviewed. Mean
follow-up period was 5 years. Clinical diagnoses were Peters anomaly
(72.7%), anterior staphyloma (11.4%), Rieger anomaly (7.7%),
sclerocornea (6.4%), and others (1.8%). Visual acuity was measured in
61 patients. The best-corrected visual acuity in the better eye of bilaterally
involved. patlents was 20/60 to 20/1000 (low vision according to the
Intematzonal Classification of Diseases, Ninth Revision, Clzmcal
Mod; ﬁcatzon) in 43.2% and less than 20/1000 (legally bllnd) in
24.3%. Fundus examination was performed in 82 eyes, and disorders
were seen in 12 (12 of 82; 14.6%). Systemrc abnormahtres were
present in 35 patients (35 of 139;25. 2%); 2 famlly hlstory was present
in 5 patients (5 of 139; 3.6%). Of the 160 eyes of 109 patients with
Peters anomaly, 51 patients (51 of 109; 46. 8%) had bilateral Peters
anomaly, 30 (30 of 109; 27.5%) had fellow eyes that were normal and
28 (28 of 109, 25.7%) showed other abnormal ocular ﬁndlngs in the
fellow eye

"Conclusions: ‘Anterior segment dysgenesis shows drverse clinical
features, various severities of corneal opacities, and visual outcomes.
Further knnderstanding of the disease as ‘an abnormality during

 embryogenesis and neural crest cell differentiations may be required.
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he causes of congenital corneal opacities (CCOs) are
diverse. CCO can be genetic, glaucomatous, infectious,

X traumatlc, developmental metabolic, 1d10path1c or toxic.
‘Furthermore, these causes can also overlap -3 When we
" consider the congenrtal causes, 1ndrcat1ng that the corneal

opacity exists in a neonate, one of the main causes, of CCO is
anterior segment dysgenesis (ASD). A number of these cases
are bilaterally involved and are also accompanied by other

" ocular malformatlons, sometimes with complex systemic

diseases.* However, only a few reports concerning these
abnormalities in series with a large number of cases are

~ present.’”® This is because of the difficulty in performing an

eprdemrologlcal study that samples a large number of
newborns. Furthermore, making a precise diagnosis of a rare
entity such as ASD is difficult.

ASD is induced by abnormalities during embryogene51s
and neural crest cell differentiations.®"* Previously, ASD was
called anterior chamber cleavage syndrome’ or mesodermal
dysgenesis of the iris and cornea.' Because it is now known that
no development of a cleavage plane as the anterior segment forms

‘and differentiates occurs® and because no mesoderm is mvolved,7

these terms have been deemed inappropriate. Mutations in the
ASD genes, PAX6, PTX2, FOXCI, FOXE3, and CYPIBI, have

‘een identified. 516 Investigators have suggested various ASD

classifications based on embryological contribution,’” develop-

~ mental arrest,” neural crest proliferation and migration patterns, '
neural crest origin,'" and anatomical ﬁndmgs 12 ASD classifica-
tion is sometimes complicated because it is not unusual that

dysgenesxs exists not only alone but also in combination with

" other disorders. In this study, we investigated the clinical features

and visual outcomes of ASD-associated CCO in a large number
of patients. We also reviewed the classification of ASD>*713!517.18

and compared the diagnosis of both eyes of patients Wlth Peters
‘anomaly in1 eye to study ASD overlap

19-21

" SUBJECTS AND METHODS
We retrospectively reviewed the computerized medical
records of all patients with ASD-associated CCO seen - at
the National Center for Child Health and Development
(Tokyo, Japan) between April 1, 2002, and October 31, 2009.
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The data were collected from computerized medical records,
entering the diagnosed disease name as a key word, and all the

medical records were reviewed again. The adult patients who . .
had ASD-associated CCO diagnosed when they were younger
at the former National Children’s Hospital (from 1965 to:
March 2002) who came to the National Center for Child =~

Health and Development for the first time were also included.

In this study, ASD cases without the risk of emerging CCO and'

congenital aniridia were excluded. We evaluated laterality;
ASD type, visual outcome, location of opacity, posterior
segment abnormalities, systemic diseases, family history, and
clinical course of the disorder.

Laterality (unilateral or bilateral) was diagnosed only by

the existence of ASD, and other ocular findings were excluded.
ASD type was diagnosed by slit-lamp examination and, when
possible, with the assistance of ultrasound biomicroscopy
(UBM) and anterior segment optical coherence tomography
(AS-OCT). Visual outcomes were measured considering the
child’s age and mental development. Picture tests were used for
preverbal children. In older chlldren, angular vision using
Landolt rings followed by cortical vision was measured and
converted to Snellen visual acuity. Corneal opacity location was
categorized into 5 groups: diffuse, central, center to periphery,
periphéral opacity, and other (including minimal corneal
involvement and location not classifiable). Posterior segment
abnormalities were diagnosed by clinical examination, using the
slit lamp and funduscope, with the help of B-mode echography
when the posterior segment was invisible because of CCO.
‘Records of systemic disease and famlly history from interviews
during the clinical course of the child’s condition were reviewed.
For a better understanding of ASD overlap, we analyzed
diagnosis of both eyes of patients with Peters anomaly to
observe differences in ASD diagnosis between the eyes.

RESULTS

Medical records of 220 eyes of 139 patients with ASD-
associated CCO were reviewed. Among the patients, 68 were
men (109 eyes) and 71 were women (111 eyes). Age at the first
examination ranged from 0 months to 25 years (mean, 1.2 years;
SD, 2.7). The mean follow-up period was 5 years (range,
0 months to 21 years). ‘

Eighty-one patients (162 0f 220 eyes; 73.6%) had bilateral
‘comneal opacities and 58 (58 of 220 eyes; 26.4%) had unilateral
ones. Clinical diagnosis was as follows: Petets anomaly in 160
_eyes (72.7%), anterior staphyloma in 25 eyes (11.4%), Rieger
anomaly in 17 eyes (7.7%), sclerocorea in 14 eyes (6.4%), and
_ other (of unknown origin) in 4 eyes (1. 8%) (Fig. 1).
‘ Diagnosis was made by slit-lamp examination with UBM
and AS-OCT assistance in cases of severe comeal opacity.
Flgure 2 shows the slit-lamp photograph and corresponding
image of UBM and AS-OCT in patients with bilateral Peters
anomaly. The iridocorneal angle structure can be seen in detail.

Visual acuity was measured in 98 eyes of 61 patients (37
bilateral and 24 unilateral cases). Table 1 shows the best-
corrected visual acuity of the eyes in bilateral and unilateral
cases, and Table 2 shows the visual acuity ranges based on the
. better eye. The best-corrected visual acuity in the better eye of
-~ bilaterally involved patients was lower than 20/60 (low vision
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) k FIGURE 1. Clinical dmgnosvs of ASD with CCO (n = 220 eyes)

according to the International Classiﬁcation of Diseases,
Ninth Revision, Clinical Modification) in 43.2% and 20/1000
or worse (legally blind) in 24.3%. In total, 67.5% of patients

- with bilateral CCO had visual dlsablhty diagnosed.

Corneal opacity was diffuse in 48.6% of eyes, central in

'17.7%, and peripheral and center to peripheral in approxi-
“mately 10% each (Table 3). Of the 170 eyes of patients with
~ corneal opacity whom we were able to follow-up, 142 (83.5%)

showed no noticeable change and 28 (16. 5%) showed a slight
1mp1'ovement Improvement of the corneal opacity was mostly
seen in patients with Peters anomaly.

Fundus examination was performed usmg the funduscope
in 82 eyes, and fundus disorders were seen in 12. However,
138 eyes could not be examined by funduscope because of

‘haziness. Among those 138 eyes, 125 were without major
disorders, as examined by B-mode echography (Table 4). The

most common disorders were persistent fetal vasculature in 4
eyes, followed by coloboma, chorioretinal atrophy, and optic
nerve hypoplasia (Table 5).

Systemic abnormalities were present in 35 patients
(25 2%). Multiple deformations, such as chromosome abnor-
mality, hydrocephalus, polysyndactyly, and syndactylia, were
seen in 16 patients, followed by cardiovascular disease in
5, neurologic disease (including brain hypoplasia, mental
retardation, cerebral palsy, and seizure) in 5, craniofacial disease
in 3 (cleft lip and palette, macroglossm and oral tumor, and
dental hypoplasia), thyroid disease in 2, urinary disease in 2,
and otologic disease (deafness and preaurlcular appendage) in2

- (Table 6). Axenfeld— —Rieger syndrome, which is characterized

by components of the ocular symptoms of Axenfeld anomaly

~and Rieger anomaly, and nonocular symptoms of Rieger

syndrome were seen in 4 patients. There was a family history of

~ocular disorders in 5 patients (3.6%); 4 patients had a family

history of Peters anomaly and 1 had a history of anterior

‘staphyloma.

Of the 220 eyes of 139 patients in this study, we
diagnosed Peters anomaly in 160 eyes of 109 patients. We
reviewed the condition of the fellow eye among these 109
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