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Purpose: To investigate the effectiveness of full-
time occlusion therapy in treating amblyopia in
11- o 15-yearold children and 1o determine it
lasting results.

Patients and Methods: Fifty-five compliant children
11 40 15 years old who had amblyopia were beat-
ed with full-ime (during ail waking hours) occlu-
sion of their good eye until n: further improvernent
in the visual acuity of their amblyopic eye was
ooserved on 3 consecutive monthly iollow-up
examinations. ARer this, part-Gime (4 hours per day)
occlusion therapy was used randomly in 24 of 55
patients for 3 1o & months for maintenance of the
final visual acuity Snellen visual acuity and its
logMAR equivalent were recorded before ireat-
ment, at the cessation of full-time ccclusion thera-
. and an the most recent examination.

Results: All 53 of the patients had improved

visual acuity after reatment. The mean improve-
ment was 0.46 logMAR unit {4.6 Snellen lines).
Thirty-two of the patients had a mean follow-up
of 17.6 months after the cessation of full-time
and maintenance occlusion therapy. Twenty-
ning {91%) of the 32 patients maintained
improved visual acuity, whereas 3 (9%) exhibit-
ed a regression in visual acuity. Mairtenance
occtusion therapy did not have a significant sta-
bilizing effect on the improved visual acuity.

Conchusion: Compliant, full-time occlusion effec-
tively improves acuity in children t1 e 15 year
old who have amblyopia due to strabismus, ani-
sometropia, or both. Most ofder patients have
lasting improvement with o without mainte-
nance patching.
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INTRODUCTION

It is generally agreed thar amblyopia must be
treared at an carly age to prevent permanent visual
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loss, and that treatment is more prolonged and less

effective in older children.'* The response o
arnblyopia therapy is usually considered poor afrer
the age of 8 years.*” However, good resules of -
amblyopia mrearment have been reported in even
older children and sdules*% Mina-Hianer and
Fernandez™ reported successful amblyopia therapy
in children 7 to 1.3 years old. Oliver et al.'* aiso
reported 2 marked improvement in visual acuity in
children 8 10 11.5 years old who complied with
occlusion trearment.  Similarly, improved visual
acuicy with occlusion therapy was observed in all
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of the 16 children with amblyopia between 9 and
12 years old included in the study by Dayson. 'S
Somc investigarors have found that che efficacy of
treatoent for strabismic amblyopia decreased as a
function of agr and was oull by the time dhe
paticnt was 12 yoan old,’ whereas anisometropic
amblyopia could be sumessﬁlll]r treated wotil ar
beast the age of 12 }Tl:ﬂn.'j It is not yo known
whether the visual improvement in the aerupir.
eyes of children who began treatment at che age of
8 years and older remains afver occlusion is dis-
contnwed

We report our experience treating selected
amblynpia with full-time ocdusion in 55 childem
11 to I5 years old, and the lasting rsult of 32 of
those observed for 3 mean of 17.6 montha after dis-
continuaton of full-time and maintenance ocdu-

sign therapy.
PATIENTS AND METHODS

This prospective, single-center study incuded
73 children 11 w 15 years old who had amblyopia
and were willing vo undergo conventional acclusion
therapy strictly acoording to the schedule berween
January 1997 and Seprember 2001, The padent
source was mainly refermals from other ophthalmal-
ogists in Northemn India. Ail of the parents consent-
ed to this study, and it was approved by the imtin-
tion revicew board. Eighteen patients were larer
determined to be poncompliant during the treac-
ment phase and were subsequentdy excluded from
the scudy. The remaining 55 children {37 boys and
18 girls} were 11 years old (22 patienws}, 12 years
obd {13 patienss), 13 years ald (11 patients), and 14
to 15 years ald {9 patienis), Three of the patients
who entered the study were between 15.0 and 13.9
years old. We exduded those with stimulus depriva-
tion amblyopia, unilareral aphakia, and nystagmus.
Five of 55 patients had prior amblyopia therapy and
25 already had spectacles.

All patients underwent a detasled ophthalmo-
logic examination that included measurement of
visual acuity at distance using the Sadllen chart,
assessment of ocular alignment and fixation by che
cover est, cycloplegic refraction using cyclopento-
lare 1% eye drops, subjective refraction, and oph-
thalmoscopy. The contralateral eye was occluded
during acuiry testing. The Sneilen charr had
crowded letters, and a child had w read more than

half of che lereers correcty 1o pass 2 line, After we
tecorded his or her initial undilated acuity, the

pacient underwent a cycloplegic retinoscopy, fol-
lowed by post-cycloplegic subjective rdfraction 3
days later. The bestcorrecred visial acuicy was
then recorded and doighaced the cotry (pretreat-
ment) acuicy. Patiens began wearing spectacles
and occdusion twearment simulmancously without
any period of specracle wearing alone prior
occlusion. Spectacles were worn during che study
and after cessation of the patching. The diagnosis
of amblyopia was based on a difference of 2 or
more lincs berween the best-corrected visual
acuities of the 2 eyes on the Snclien chare.
Anisometropia was defined as a difference of 1.50
[} or more of cither sphere or cylinder berween the
2 eyes. Thircen patients were myopic in che
amblyopic eye and none was amblyopic in the
good eye. The rypes of amblyopia induded were
strabismic {12 paticnts), anisometropic (28
paticnts), and combined {ie, strabismic and anj-
sometropic; 15 patients).

All patients were treated with full-time {(during
all waking hours) oeclution of the good eye and
were also encouraged o perform fine near visual
activities such as reading fine print, chreading beads,
and tracng pictures. Compliance with occlusion
waz monitored by asking the parient ar each visit

-dnmnguumuntwhedw'htorshtwumlg-

veelusion serictly aceording to the advised
Th:paumtsw:r:adwuimmkhdpmdmpcr
ation from their parents and teachers for continuing
cducational acuvities. Full-time occusion therapy
was continued until there was no farther improve-
ment in the visuwal acuiry of the amblyopic e on 3
consecutive monthly follow-up examinations. We
determined whether the acuity of the amblyopic eye
of a paticar improved by comparing it with his or
her cotry acuity. After the cessagon of full-nme
occlusion, part-time {4 hours per day) occlusion
along with noar visual acxivides were used andom-
ly ins 24 patients far 3 1o 6 months for mainenance
of the final visual acuity, and no such maintenance
therapy was used in 31 patens. Pretreaunent and
post-treatment best-correcied Snellen visual zcuities
and cheir logMAR equivalents were recorded with
the good eye occluded by the sume obsetver All
patiens were asked whether they cxperienced
diplopiz after removing the occhusive paech during
or after therapy.
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Thirty-two of the 55 patients underwent fol-
low-up for 2 minimum period of 12 months afier
the cemination of occlusion therzpy and were
obscrved to derermine the lasting resalis. Among
thest patients, 17 had not received maintenance
occusion thevapy and were observed for a period of
12 o 52 monchs {mean, 20,6 months) after the ces-
sation of full-time occlusion therapy. The remaining
15 paticats roeeived maintenance occlusion and
were ohecrved for a period of 12 w0 20 months
{mean, 14.1 months) after the coasation of mainte-
nance occlusion therapy Best-corrected Snoedlen
visual acuity and iz logMAR equivalene werc
recorded ar the most recent examination by the
same obwerver. Data were analyzed using the chi-
square tst, Student’s paired and ynpaired £ cests,
and analysis of variance.

RESULTS

All 55 of che patients showed an improvement
in distance visual acuiry afier occlusion therapy. The
amblyopic ey had a mean logMAR, visual acuiry of
0,67 + 01.26 (Sndlen equivalent, 6/3)) before rear-
ment, and 0.21 = 0.18 (Snelien equivalent, 6/10}
after reatment; thus there was 2 mean improvemnent
of 046 1+ 0.24 bogMAR unir (4.6 Sacllen lines),
which was sunstically signifiane (P < .0001).
- Maximum-imprrement wis 0.98 lopMAR unit (9
Snellen Lines) in 2 pacco. The good cyes of these
patienes had a mean logMAR visual aruiry of 0.03 +
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Figure The rpean improvesrent in visual acuity at diferent time
intervahy. of aoclusion.

0.08 on eniry, 2ad .03 £ 0.06 ar the conclysion of
full -time occlusion. Improvement was seen at mean
invervals of 1.14 = (135, L.38 = .77, 1.36 + 0.67,
and 1.56 + 0.73 months in patienns 11, 12, 13, and
i4 1o 15 years old, respectivedy. Patienes 14 1o 15
years old showed a stadstically significandy late
improvement compared with those 11 yram old (P
< .05). The kinetics of vision improvement ar dif-
ferent dme intervals of cocdusion is shown in the
Bgure. The mean improvement in visual acuiry
increascd with the duration of occlusion.

The effecta of patient age and type of ambly-
opia o6 the mean improvement in logMAR visual
acuity and the mean duraticn of oocdusion cherapy
are presented v Tabler1. Amalysis of watignces
shawed that patient age had no significant effect
on the mean improvement in visual acuicy (F =

TABLE 1
IMPROVEMENT IN LOGMAR Visual Aoy AND Duranon oF OCoiusion THEArY
Visual Duration of Occly-
Mo, of __ JFosidrealment = Mean  __sionTheragy (mol
|Facior Fatiets Range Mean (£ 500 Range Mean (2 500  Improverend Range  Mean {x 5D}
Patient age, ¥ . } .
1 27 030000 0.66(x029 000060 027 (x0.16) 0450227 3-12 577 (= 2.71)
12 13 048150 077 (x0.28) 0.00-0.60 025019 052 (x019 313 5631 [+ 2.53)
13 11 048100 068 ([:CtTH 0.00-048 019(x017 0.8 (+ 323 3-8 5272000
14-15 5 030100 0538 02XN 000-060 09 (+ 0268 039 (=013 3-11 522 & 2.5
Type of
amhlycpia
Strabsmikc 12 0.30-1.50 D.64 [z 034 DD0OO06D 026 (+ 020 .39 (+ 0200 3-11 583 (x2.76)
Ansomet- ] 0.30-1.00 06BE019 000060 018(x0.18) 051 {x019 3I-12 593 (+ Z242)
ropic
Combined” 15 0.30-1.50 068 = 0.32) 000060 024 (20171 Q44 {x 021 3-11 520 (£ 2.48)
50 = standard deviation.
“Serabiamic ard andsodesbrpec.
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2.00 (x 0.89)
3.B2 (x 1.35)

1.96 (= .09

Tienee to

—lable Aculty (mg) )

Range Maenn (1 5D)

1-4
1A

1-9

Mean (= 5D

5.00 (+ 089
3.96 (= 20.9
6.62 [x 2.35)

Duarntion of
——tclusion (mg)

Range
-7
411
412

Mean (2 5D)

0.20-0.30 024 {x 009}
012080 0.40 (013}
0.00-0018  0.00 {= 0.0

— Vil Acuity,
Rarage

TAHLE 1

TMPROVEMENT IN LOGMAR VisuaL ACLITY AND I?ur.mou OF OCCLusioN REQUIRED TO ACHIEVE STABLE IMPROVEMENT

Fost-Patch

M___

GO0-060 03019 01810 06 (x021)

Range Mean (2 510
0.00-0.18 003 (1 006

OO-0.10 006 {+ 0.09)

0.00-0.48 015(x 0.14)

Mbean O+ 503)

©.30-0.30 030 {x 0.00)

D.48-0.60 055 i+ 0,06

Pre-Fatch

Range

0.78-1.5 (9410210

00-0.30 0.03 (+ 0.08)

5
28
21
55

No. of
30 = soanedard dev|gtion,

(LogMAR)  Patients
0.2 I 0.4
0.5 o 0.6

> 0.7

Amblyopia

Level of
Cood eye

I

0.8171; df = 3.51; P> .05) or the mecan duration
of ocdusion therapy (F = 0.4704; &= 3.51; P>
-05). Improvement in visual acnity was seen ar a
mean interval of 1.32 + (.61 months in strabizmic
amblyopia, 1.40 + 0.74 months in anisometropic
amblyopia, and 1.17 x 0.39 months in combined
{(strabismic and anisomctropic) amblyapia, and
thesr differences were nor statsdcally significant
{P > 05). Analysis of variance showed that the
type of amblyopia had no significant effect on the
mean improvernent in visual acuity (F = 1.5449; 4f
= 1.52; P> .05) or the mezan duration of occlusion
therapy (F = 0.4299; df = 2.52; £ > .05}

The dffeer of the initial level of amblyopia on
the degree of improvement and the durmtion of
occiuion required (o achieve srable improvement
are presented in Table 2. There was a statistically
highly significant inverse comelation berween che
level of amblyopia and the degree of improvemen:
in visual acuity (7 < .000). The sevetity of ambly-
opiz had no significant effect on the duration of
parching thac was required o achieve siable
imprevepent (P> 05}

None of our padents had significant localized
skin reactions to the pacch that wamnted i dis
continuation. Neither a transient nor permanent
reducrion in the acuity of the good cye was observed
in any patient, Me patient reported any injury Jdue
to fall or other hazards during the ocshusion period,
and none complained of diplopia after rernoving the
occlusive parch. All paticnhis were able to continue
their routine and school acdvities with the help of
their parents and wachers.

Thirry-two of 55 patients were observed for a
period of 12 tb 52 monchs (meap, 17.6 months)
after the cesauon of full-tifme and maintenance
occlusion therapy. Table 3 presents the effect of
maintenance occlusion cherapy on improved visu-
al acuity. Twenty-nine (91%) of che 32 patienrs
maintained improved visual acuity. whereas 3
{9%) of them exhibited a regression in visual acy-
ity by 0.1 ingMAR unit (1 Snellen line [2
paticniz]) and 0.2 logMAR unit (2 Snellen lines [1
patient]}. The regression in visual acuity occurred
when mainrenance occlusion was being used for 2
maonths (1 padient} and 7 montchs after the rermi-
nation of maintenance occlusion therapy ({1
patient). Meither patient received further ambly-
opia therapy, and both mainrained the same visual
acuity at the last follow-up examination. Another
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patient had 2 regression in visual acuity on wo
occasions by 0.2 logMAR. unit (2 Snellen lines) 1
and 3 months after the rermination of mainte-
nznce occlusion therapy. The visual acuicy
improved to the previous level after she was again
treated with full-time occlusion therapy on bodh
occasions. There was no statistically significan:
effect of maintenance occlusion therapy on stabi-
Jization of the improved visual acuity (P> .05)

A comparison of resulrant visual acuitics in
amblyopic eyes and good eyes between the patients
with and without maintenance patching is provid-
ed in Table 4. There was no statistically significant
difference in resultane visual acuities of amblyopic
eyes Detween those with and without maintenance
patching (£ » .05). The resultant acuities of the
good eyes also did not differ significantly becween
these two groups (P> 05).

DISCUSSION

The response to amblyopia treatment mainly
depends on the depth and type of amblyopia, che
patients age at initavon of themapy, and the
patient’s compliance. In a review of the resuls of
amblyopia therapy by using the pooled dara from
23 published studies, Flynn ¢t al.'® seported thar a
paticat's age at the imitiation of therapy was the

- facter most cleardy rebared to-a succesdul outcome.
Generally, the younper the patient iz, the more
capid the improvement in visual acuity will be a0d
the better the ulimare prognosis. However, the
age beyond which treatment is not effective is still
not known. Veteecken and Brabant observed
improvement of vision in the amblyopic eye in
adulthood after the loas of the good eye in 28.5%
of their paticnis. Several investigacon®'* have
repored the successful creatment of ambiyopia
with coclusion cherapy in children 7 1o 12 pears
old.

Undoubtedly, compliance plays an imporiant
role in the success of amblyopia treatment. Older
children are less complhiant with scdusion therapy
than are younger children due 1o psychosocial

implications and education disruption, and his

might be responsible for che hn.ghcr pereentage of
treatment failures reporsed in older children.?

Oliver and Nawrarzki ? reported a mean improve-
ment of 4 lines on the Snellen chart in compliant
chitdren older than 8 years. We also observed a
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TABLE 3
EFFECT OF MAINTENANCE OCCLUSION THERAPY
ON IMPROVED VISUAL ACUITY AT A MEAN 17.6
Mowutis oF Fowow-Up*

Mabrlenance improved
[Occhmion  No.of  ___ vialaduity .|
Theragey Patients Maintained  Regresed
Yes 15 12 3

| 17 17 a

*Fodbow - of 12 patiants 2 the msation of hill-Sme and rrabnby-
FLAnEE TC] .

mean improvement of 4.6 Snellen lines in onr
patients. We included only the compliant children
in our study and therefore achieved good resulns
wirth ocdusion therapy cven in children 11 to 15
years old. It was merely 2 chance ocourrence that
we had morc boys than gicls in chis study.

Chue parients 14 ro 15 years old exhibited lare
improvemnent in visual acuity compared with chose
1t years ald. However, there was no signaficane dif-
ference tn the mean improvement in visual acuity or
in the mean duration of occlusion therapy among
patients of different age groups. The mean improve-
ment in visual acuity increased with the duravon of
Dcduaiun.

A low initial visual acuity is generally consid-

-ered ro-be an unfavorsbhle pregmostic sign in

amblyopia therapy. Older children with low initial
visuzl acuity would be expected to have poor com-
pliance, leading in turn to poor Final resuls.®
However, our padcnes with poor initial visual
acuity had satistically highly significant improve-
ment compared with those with better inigal viso-
al acniry. We chink ir is possible thar the patiens
with poor initial vision were more concerned
about the visual loss and might have therefore per-
formed occlusion creacment more seriously. Also,
they probably would have performed mor near
visnal activities in an attempt tO improve vision
compared with those wha had better inital visual
acuity. The ievel of amblyopiz had no significant
effect on the duration of occlusion required to
achieve stable improvenient in vision.

The wearment of amblyepia has been found 10
be mucemsful in 78% of patients with strabismic
amblyopia, in 67% of patients with anisometropic
amblyopis, mdmi%nfpnnmumthbuﬂntypcs
of amblyopia.'¥ However, in a consscutive series of
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TABLE #
RESLATANT ViSUAL ACLITIES 1M THE AMBLOMC EYe anD THE Gooo Eve of THE PATIENTS WITH AND
WITHOUT MAINTENANCE PATCHING

Mainbenamnce Mao. of

Om Endry
[ Patching Paients Eange Mmush__m

LT

At the End of

T R

Yies 15 0.30-1.0 056 [ 016 00048 0L124{x 015 000048 016(+017)
Mo 17 0.30-1.5 070 {+ 0.32] 0.00-0.60 023 i+ G619 000-0.60 0.22 {x 0.19)
530 = swiand deviation.

compliant paricnts, Minez-Hitmer and Fernendez!?
observed that vinual acuity could be recoversd uni-
formly for strabismic and anisometropic amblyopia;
we had 3 similar observadon. Epdbawm e ab’
found that the efficacy of wearment for scrabismic
ambiyopia was null by the time the patient was 12
years old, whereas Hedgpeth and Sullban'® found
that anisomerropic amblyopia conld be succesfully
reaced untl at least the age of 12 years. We did noe
obscrve any such effect of age on visual improve-
ment in sorabismic and anisometropic amblyopiz.

There i= a possibilicy of inducing diplopia by
weating amblyopia in children older than 5 years.'”
However, in 2 strics of children alder than § yram,
Oliver and Nawratzki® found thar none of the chil-
- drexr complained of double vision #r-any dose dur-
ing or after occlusion therapy; we had 2 similac
cheervation. The absence of diplopia in our patients
could be due to mppremion in the amblyopic eye
because of long-smanding amblyopia. It may also be
atriburable vo treaument only by occdusion of the
pood eye because diplopia i a knowm complication
of pleopric creatmene at this age, a5 mennoned by
liver and Nawrarzki* We think thar diplepia afier
occlusion therapy in older childeen is not 2 com-
mon occurrence and the fear of indocing diplopia
should oot discourage the dinidan frvm oeating
amblyopia in these children. All patients tolerated
patching well and were able to continue their rou-
tine a5 well a5 school activities with the help of their
parents and wacherr

Amblyopia is known ro recur in nearly 50% of
younger patients after the cessation of craditional
patching trearmenc. '3 This tendency for recur-
rence persists undl children have reached 8 w 10
years of age because of the persistence of inhibitory
effects from the hxating eye. Therefore, 10 stabilizz
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the visual acuity and prevent recurrence of ambily-
opiz, it has bezn suggested that maintenance {sev-
cral hours per day) occlusion therapy should be
continued undl childeen have reached 8 1o 10 years
of age. 22 [a a study on the bong-term resubes of
successfully erezved amblyopia in children 2 0 11.5
yrars old, Levartovsky et at.*' reported thas the age
at which treatment for amblyopia was started did
not significantly affect the final visual cutcome
aftcr the cossation of cearment, provided char dhe
visual acuity was monitored until the patient was
feart 3 yrars old

Thirty-two of our patients underwent an aver-
age follew-up of 17.6 months aficr che cestation of
full-time and maincenance occlusion therapy.
Nineey-one peraent - of: them - exhibrited: bt e
visual acuiry a5 21 termination of ereazment, where-
a5 in 9% there was detericration by 1 o 2 Snellen
lines. We did not find any sansnally significant
beneficial dffect of maintenance occlusion therapy
on stabilizaten of the improved visual acuige.
However, the 2 recurrences of amblyopia on cessa-
don of maintenance oodusion therapy and the sub-
sequent improvement of visual acuity to the previ-
ous level after reinstimtion of full-time ccdusion
therapy in 1 patient do indicate thar some patients
may require raintenance occlusion therapy for sta-
bilizing the improved visual acuity. We therefore
suggest that not all parients 11 m 15 years old need
maintenance occlsion afrer the rerminadion of full-
monitored and maintenance ocdusion should be
used if there is 2 recorrence of amblyopia.

This study has same Limitations. It was com-
posed of compliant childten from a single center
and the cutcome examinations were not performed
by masked obscrvers.
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The observations from our study indicatc chat
full-time occlusion therapy can be successful in
treating amblyopiz in compliant children 11 w 15
years old. The improverncat in visual acuiry per-
sists at leawt 13 manths regandless of whether the
parients had maintenance, parr-time occiusion
therapy. We thereforc suggest thar adolescents with
strabismic and anisometropic amblyopia should be
encouraged to comply with full-time occluwsion
therapy. A muldcencer study of intensive occlusion
therapy should also be considered for older
padenz with all cypes of ambhopia including

stitnulus deprivation,
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