


she showed concern about the loss in vi-

sion in her left eye and wanted to know

what could be done. She did not return to

the Strabismic Clinic again until 1998. At

this point, she was asymptomatic except

for the significant left eye blur. She was

still interested in seeking therapy for the

left eye.

Assessment
She wore a spectacle correction of OD

+4.25 DS and OS +4.50 DS, with a +1.75

add both eyes. This had been prescribed at

the primary care exam on 6/4/98. She had

corrected distant visual acuities of 20/25

OD, 20/200 OS, and near corrected acu-

ities of 20/30 OD and 20/200 OS. No im-

provement was noted with a pinhole or

2.2x telescope. Unilateral cover testing

revealed orthophoria in the distance, and a

questionable very intermittent small angle

left esotropia at near. Alternate cover test-

ing at near revealed orthophoria. The

patient had a nearpoint of convergence of

two inches with no subjective diplopia.

Motilities revealed a minimal V syndrome

and a subtle left abduction deficit. She

failed all stereoacuity testing; no randot

stereopsis was exhibited and Wirt circles

revealed OS suppression. Sensory testing

(Worth-four-dot, red lens, lustre) demon-

strated left eye suppression at all dis-

tances. Phorometry revealed constant left

eye suppression.
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Table 1
Twelve Year Timeline of Exams for Amblyopic Patient at the University Optometric Center

Date 5/29/86 5/28/87 7/15/87 5/31/89 4/19/93 6/4/98 6/17/98

Exam Type PCE PCE STRAB WU PCE PCE PCE STRAB WU

Hab Rx: OD
OS

Dist:
+250-0.50x180
+0.25
Near:
+4.25-0.50x180
+2.00

+4.50-0.50x180
+2.00

+4.00-0.75x180
+4.50

+4.75-0.75x172
+5.25

+4.25
+4.50
+1.75 add OU

DVA w/ hab rx
20/30+1
20/200

20/25
20/200

20/25-2
20/200

20/20-3
20/200

20/25
20/200-1

20/25
20/200-1

NVA w/ hab rx
OD
OS

20/20-2
20/120

Uncorrected:
20/50-
20/200-

20/30-1
20/200

20/50
20/320

20/30
20/200

Refraction: OD
OS

+4.00-0.75X180
+4.75-0.50X005

+4.00-0.75X180
+4.75-0.50X180

+4.00-0.75x180
+4.50

+5.00-0.50x170
+4.75

+4.25-0.25x025
+6.00-0.75x170

DVA w/ refract.
20/25
20/200

20/25
20/100-1

20/25+3
20/100

20/25
20/200-1

PH NI NI

2.2x TS NI NI

Laser Inter
20/50
20/100

DCT Ortho Ortho LET Ortho

NCT Ortho Ortho LXT’ w/ L Hyper 4� LXT' LET Ortho-LE(T)’

NPC 2"/5" 4"/6" (+)dipl 2"/8" (+)dipl 2" (-) dipl

Motilities Jerky Full Slightly jerky Slightly jerky
Slight V syndrome, subtle OS
abduction deficit

Phorometry N/A N/A N/A N/A N/A N/A Const OS suppression

Visuoscopy
OD: Central
OS: 5-6� unsteady

sup. EF

OD: Central
OS: Grossly unsteady, no one
point used for fixation

Haidinger Brush poor appreciation

Luster Const OS suppression

Bagolini
NRC, OS central
scotoma/suppression

Amblyoscope
<O= <S = ortho, OS target
very blurred

Brock Posture NRC, 8� eso w/ small
scotoma/suppression zone

W4D Const OS suppression

KVS Const OS suppression

Vectos
Occasional diplopia, then
immediate lapse into OS
suppression

Brock String Const OS suppression

Table 1 Legend
dipl = Diplopia

DCT = Distant Cover Test

DVA = Distant Visual Acuity

EF = Eccentric fixation

KVS = Keystone Visual Skills

NCT = Near Cover Test

NI = No improvement

NPC = Nearpoint of Convergence

NRC = Normal Retinal Corres-

pondence

NVA = Near Visual Acuity

PCE = Primary Care Exam

PH = Pinhole

STRAB WU = Strabismus

W4D = Worth Four Dot



With vectograms, she showed a left

eye suppression. Additionally, by

disparating the two vectograms we tested

diplopia awareness and any suppression

zone. She experienced occasional dip-

lopia in the periphery, but then lapsed into

left eye suppression, indicating a rather

large and deep central suppression zone.

Correspondence testing (Bagolini

Striated Lenses, Brock Posture Board,a

and major amblyoscope,) suggested nor-

mal retinal correspondence. Both the

Brock posture board and Bagolini lenses

confirmed a left eye suppression or

scotomatous zone. She postured 8� eso

with the Brock posture board. Addi-

tionally, the major amblyoscope revealed

no objective movement and subjective fu-

sion at orthophoria with the left eye target

being very blurred (i.e., Objective Angle =

Subjective Angle = 0).

Assessing her binocular status with

the Keystone Visual Skillsa and Brock

String revealed constant left eye suppres-

sion.

Visuoscopy indicated central and oc-

casionally unsteady foveal fixation with

the right eye, and grossly unsteady fixa-

tion with the left eye. The patient did not

fixate with any one consistent retinal area

with the left eye.

The patient was diagnosed with am-

blyopia of the left eye, most likely

strabismic in origin. The deep suppres-

sion, lack of sensory fusion, and lack of

diplopia awareness indicated a very poor

prognosis for improvement with vision

therapy. She was upset when told her

prognosis. Nevertheless, she demon-

strated extreme motivation and insistence

with pursuing vision therapy. A trial of 10

weekly sessions was then implemented,

with a guarded prognosis.

The progression of her vision therapy

can be followed on Table 2.

Therapy
Since the fixation ability of the left eye

was quite poor, the initial sessions stressed

developing this skill.

At the first session, she was unable to

place a peg into a slowly rotating peg-

board. She then attempted to place the peg

into a stationary pegboard. She under-

and overshot, then eventually succeeded

in placing the peg into the hole by feeling

for it. She could not distinguish the letters

of the large Michigan Trackingb (5-6 mm

in height). For home activities, she was to

patch the right eye for two to four hours

while eating and engaging in other home-

based activities. In addition, she was to

color in quarter-sized circles, place pencil

dots inside quarter-sized circles (develop

accurate fixation with tactile reinforce-

ment), and fill in letters of very large

newspaper print. These tasks were very

difficult for her to perform.

At the second visit, the patient exhib-

ited a surprising, yet questionable increase

of visual acuity to 20/60. With a +5.00

add, she was able to appreciate the

Haidinger brush and actually place the

brush onto a 20/20 letter that she was fix-

ating. She was to continue the previous

home activities. Instead of filling in let-

ters of large newspaper print, Michigan

Tracking letters were enlarged on a photo-

copier to approximately 15mm in height.

She showed a distance visual acuity of

20/70 and a near acuity of 20/100 with her

current +1.75 add at the third visit. With a

+5.00 add, she achieved 20/30-2. With

foveal tagging procedures, she demon-

strated the ability to place an afterimage

on a designated target, thus enforcing cen-

tral fixation. However, she had a very dif-

ficult time placing the afterimage on a

rotating letter and sustaining the image on

the moving target. Home activities in-

cluded the previous activities and

Groffman Tracing.c

At the fourth session, she reported dif-

ficulty with the Groffman traces because

the lines appeared to move. Her letter

fill-ins for homework exhibited eccentric

fixation and past-pointing: the area in

which she thought she was filling in the

letter was actually shifted slightly up and

to the right. This indicated that she re-

quired more intensive work with accurate

fixation. At this session she demonstrated

the ability to place a peg into a rotating

pegboard. However, she still fixated inac-

curately and undershot. Monocular trac-

ing exhibited eccentric fixation, but she

improved and increased in accuracy with

repetition and auditory feedback (i.e., she

was told when not tracing on the line).

With fastpointing techniques, she tended

to past-point but improved accuracy with

repetition. Homework included the previ-

ous activities (letters for fill-ins now 5-6

mm in height). Additionally, she was to

use a toothpick to “spear” raisins.

At the fifth visit, she manifested an

esotropia on unilateral cover test, a find-

ing that had not been seen from the time of

the most recent strabismus evaluation un-

til that day. Distance visual acuity was

20/60-2, and near acuity was 20/100+1

(with +1.75 add) and 20/50-2 (with +3.00

add).

Fixation was still very unsteady, but

not as random as before, when assessed

with visuoscopy at the sixth visit. She had

increased significantly in her accuracy

with letter fill-ins. With the quoit

vectogram, she demonstrated the ability to

appreciate diplopia in the periphery.

At the seventh session, she experi-

enced physiologic diplopia with the Brock

string. In addition, she could converge

and diverge her eyes appropriately with

5� flips and maintain physiologic

diplopia most of the time with the Brock

string. If she momentarily lost the left-eye

image, she could voluntarily break her

suppression and see the image again. The

ability for her to make appropriate eye

vergence movements, maintain physio-

logic diplopia, and not suppress in the

presence of a stressor stimulus (5�) indi-

cated encouraging and positive prognostic

signs.

At the eighth session, she exhibited a

sensory fusion response with lustre test-

ing. She now demonstrated signs of both

sensory and motor fusion, unlike the ini-

tial evaluation where she exhibited nei-

ther. Her fixation had significantly

improved as evidenced by the increase in

her visual acuity and in her accuracy of

letter fill-ins. Additionally, the depth of

her suppression had significantly lessened

as evidenced by her sensory fusion re-

sponses and physiologic diplopia aware-

ness. That day she was able to sustain an

afterimage on a rotating target with her

left eye. At this point, the smallest print

size letters being sent home was 3.5 mm in

height. She could complete the task, but

encountered much difficulty. She also re-

ported that she could work more easily at

closer distances with the Brock string.

The patient reported a subjective im-

provement with her left eye at the ninth

visit. She felt that she saw better and that

she possessed more control of that eye. A

new spectacle prescription was written,

changing the current +1.75 add to a +3.00

add in both eyes. She had shown consis-

tent near visual acuity of 20/30 with a

+3.00 add over the previous few visits.

Improving her near visual acuity would

help increase her binocularity at this
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distance, thereby facilitating her binocu-

lar training. Although she could fill in

specified letters accurately at this point,

she experienced significant difficulty

when asked to cross out letters of the al-

phabet in sequence, which were contained

in a background of other letters. This task

demands much more visual discrimina-

tion, organization, and figure-ground

skills when compared to just filling in

specified letters. Now she had to look for

different letters (not solely “o”s or “e”s)

and find the letters in sequence. She

would overshoot and cross out the letter

next to the one she intended to cross out.

She also noticed a preference to fixate the

right visual field with her left eye. She en-

countered more difficulty fixating letters

on the left side of the Hart chart. For ex-

ample, in order to read the first letter in

each row, she would first fixate a letter in

the middle of the row and read backwards

until she arrived at the first letter.
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Table 2
Vision Therapy Timeline

Week 1 2-Shows
ability to
foveate

3 4 5 6-Shows
periph
diplopia
awareness

7-Shows
physiol
diplopia

8-Shows
sensory
fusion

9 10 11-Shows
ARC

DVA OS 20/60-2 20/70 20/60-2 20/60-2 20/50-1

NVA OS
+1.75 add

20/200 20/100

+5.00 add:
20/30

20/100 +1

+3.00 add:
20/50-2

20/40-2 ;

+3.00 add:
20/30-2

20/30 20/30-2

DCT
Very slight
LE(T)

2LET w
LHyper

NCT
Very small
LET'
uncovered

Ortho —>
LE(T)’

Ortho

Visuoscopy

Fixation less
random, but
still very
unsteady

Amblyo-
scope

<O=7BO
<S=8 BI
ARC

Bagolini ARC

Rotating
Pegboard

Stationary
board;
feels for
hole

Rotating
board-still
over and
undershoots

Mich Track

Large (6mm
Height)-
unable to
see

Enlarged to
15mm in
height

Letter size
3.5mm in
height

Very difficult
Pastpoints
when cross
out letters

Same

Haidinger
Brush

With +5.00
add, can
place brush
on smallest
letters

Work on
sustaining
foveation

Afterimage

Can place
AI on letter;
Cannot
sustain AI
on rotating
letter

Can sustain
AI on
moving
target

Groff Trace Difficult

Monoc. Cheiro
Trace

Traces off to
side of lines,
improves
w/repetition

Traces off
lines,
improves
w/repetition

Telebinocular

Tends to
past point;
�accuracy
w/repetition
& concen-
tration

Vectos
Diplopia
awareness

Brock String

Physiologic
diplopia,
Vergence
mvnts w/ 5�
prism flips

Same Same

Home VT

Patch 2 hrs;
dot circles,
fill in letters,
color circles

Cont same

Cont same
HVT, using
smaller
letters, Groff
Trace

Cont same,
spear the
raisin,

Cont same,
# Search

Showing
increasing
accuracy
with letter
fill-in; cont
same HVT

Cont same,
Brock String

Tracing
more
accurate,
NFHC; cont
same

Cont same;
Mich
Tracking

Continue
same

Cont same;
lost to f/u



At the tenth visit, we continued work-

ing with foveation skills with the

Haidinger brush, fixation skills in an in-

creased resolution background (Michigan

Tracking, Hart Chart), and physiologic

diplopia and vergence movements with

the Brock string. By the eleventh visit, she

had achieved an acuity of 20/50-1.

DISCUSSION
This case helps to dispel the notion of

an upper age limit for amblyopia treat-

ment and of a decreased prognosis for

treatment after the age of 10. The concept

of a “sensitive” or “critical” period plays a

major role in assuming an upper age limit.

Worth9 first proposed the idea of a critical

period in 1903, which he believed lasted

until the age of 6. Hubel and Wiesel10 fur-

ther investigated the concept of a critical

period. They defined the critical period

for the development of the visual system

as the time period in which vision can be

permanently affected by abnormal visual

experience; abnormal visual experience

beyond this time period will not affect vi-

sion. Hardman Lea, et al,11 defined the

critical period more precisely as “that pas-

sage of time during which the develop-

ment of the immature visual system may

be altered by change in the quality, quan-

tity, or balance of the visual input via the

two eyes.”

Clinicians and prominent writers in

the field of amblyopia have related this

concept of a sensitive period to clinical

practice. Von Noorden12 stated that “the

sensitive period during which recovery is

possible is less well defined although

there seems to be a general agreement that

it ends with the 8th year of life.” Harwerth,

et al,13 agreed. Campos14 said that the

“…concept of a sensitive period is ex-

tremely relevant to clinical practice, as it

indicates that anti-amblyopia therapy af-

ter the sensitive period is not effective.”

According to Shapero,15 “prognosis be-

comes progressively poorer as treatment

is delayed beyond age of 5 or 6” and “hope

of achieving normal and complete devel-

opment, with 20/20 vision, becomes pro-

gressively reduced with advancing age.”

Wright16 believed that “amblyopia tends

to be reversible when treated with the ap-

propriate visual stimulation during early

childhood.” He further said that “the

prognosis for amblyopia depends upon

the age of the patient, severity of ambly-

opia, and type of amblyopia. The earlier

the amblyopia occurs, and the longer it re-

mains untreated, the worse the progno-

sis… Each case must be evaluated indi-

vidually as to whether or not the child is

too old to undergo amblyopia therapy.

The general rule of thumb is every child

under 9 years of age should undergo a trial

of amblyopia therapy.” He associates am-

blyopia therapy only with children, and

makes no inferences to older patients.

Although there may well be a critical

period up to the age of 8 or 9 in which am-

blyopia can develop, there may not be

such a temporal limitation to treatment

and visual recovery. Studies show that

neural plasticity lasts well into adult-

hood.17-21 Therefore, we must differenti-

ate between a sensitive period for when

amblyopia can occur, when functional vi-

sion is recoverable, and when amblyopia

can recur once treated or cured.

Age as a Function of Therapy
In considering treatment for ambly-

opia, many clinicians view the patient’s

age as the prevailing factor. This may be

influenced by the idea of a sensitive pe-

riod. In addition, it has been shown that

occlusion alone without visual therapy for

treating amblyopic patients 10 years and

older gave unsuccessful results.22 There-

fore, many clinicians who utilize occlu-

sion as the only form of treatment may

conclude that treating amblyopic patients

10 years or older is ineffective. However,

age alone does not determine the eligibil-

ity of a person for amblyopia therapy. The

following studies indicate that increased

age does not preclude older people from

visual rehabilitation.

Birnbaum, et al,23 showed that older

patients exhibited the same success rates

as younger patients. They analyzed 23

published amblyopia studies to determine

the success rates of therapy as a function

of age. These studies were divided into

two large age groups of under 7 years and

over 7 years. They performed a separate

analysis and further divided 17 of the stud-

ies into three age groups: 7 to 10, 11 to 15,

and 16 and older. Two criteria for success

were used: 1) improvement of four or

more lines in visual acuity, and 2) achieve-

ment of 20/30 acuity or better. These find-

ings indicated that the different age groups

showed almost identical success rates for

each criterion. Hardman Lea, et al,11

agreed that the final vision achieved does

not depend on the age at which treatment

is initiated.

Other studies have investigated

whether age at the onset of treatment in-

fluences post-treatment regression.

Levartovsky, et al,24gave evidence that

children older than 9 years of age im-

proved in visual acuity and that visual acu-

ity did not deteriorate any more than in

their younger patients. In fact, their num-

bers indicate that the older children had

less deterioration after therapy. Another

study found that older children may in-

deed have more stable outcomes. Oster, et

al, 25 found that older children at the start

of treatment (mean age of 33 months) and

at the end (mean age of 40 months) did not

require maintenance occlusion, whereas

the younger children in the beginning

(mean age of 26 months) and at the end

(mean age of 31 months) did require main-

tenance occlusion. Thus, the older child

samples appeared to have more stable vi-

sual acuities after treatment. This finding

supports that of Levartovsky, et al.24

Several studies investigated improve-

ment of vision specifically in adults.

Kasser and Feldman26 found improve-

ments with adults. In addition, they noted

that compliant subjects achieved better vi-

sual acuity than non-compliant. A study

conducted by Saulles 27 showed that treat-

ment with spectacle correction, part-time

occlusion, and visual therapy increased

visual acuity and functioning of adult

amblyopes ages 21-39.

Wick, et al, 22 also implemented a sim-

ilar treatment protocol of spectacle cor-

rection, part-time occlusion, and active

vis ion therapy. They treated 19

anisometropic amblyopes, ages 6 to 49,

with the same sequential protocol for

each. They determined that adults could

achieve successful visual acuity. They

used the Amblyopia Success Index (ASI)

of Meyer, et al,28 to record results:

Initial VA – Final VA

Initial VA – Test Dist

Snellen acuity must be con-

verted from feet to meters (i.e. 20/60 =

6/18). For example, my patient began

with an initial acuity of 20/200 and ended

with a final acuity of 20/50. She showed

an 80% improvement:

Initial VA = 20/200 = 6/60

Final VA = 20/50 = 6/18

60 - 18

60 - 6 improvement
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The ASI’s for Wick, et al’s patients av-

eraged 92.1 % (+/- 8.1%) improvement;

some 42% of the patients achieved 100%

improvement. They found no statistically

significant relationship between treatment

duration and patient’s age. Additionally,

the gained visual acuity remained stable

when followed at least one year after treat-

ment.

In addition to the above, other studies

and case reports support amblyopia ther-

apy into adulthood.19,21,29,30 Obviously,

adult amblyopes could benefit signifi-

cantly from therapy.

Efficacy and Permanence of
Amblyopia Therapy Results

Efficacy studies have shown that a

high percentage of patients with func-

tional amblyopia show visual acuity im-

provement with amblyopia treatment.

Most studies utilized direct occlusion of

the non-amblyopic eye as treatment. Scott

and Dickey31 followed strabismic ambly-

opic patients who underwent full-time oc-

clusion, through at least 9 years of age.

They found that 72% had attained a visual

acuity of 20/20 and 20% had achieved be-

tween 20/25 to 20/40. Rutstein and Fuhr32

followed patients aged 2 to 53 years with

strabismus and/or anisometropia who un-

derwent direct occlusion. A log unit

method to follow acuity improvement was

used. They determined that an improve-

ment of 0.3 log units was equivalent to a

doubling effect of visual acuity. Ninety

percent of patients 7 years or younger

showed acuity gain, with 67% achieving

at least a doubling of acuity and 54% ob-

taining 20/40 or better. Seventy-seven

percent of their patients 8 years or older

showed acuity gain, with 37% achieving

at least a doubling of acuity and 27% ob-

taining 20/40 or better. Thus, patients

with functional amblyopia can benefit

from treatment.

Although treatment may increase vi-

sual acuity, the lasting effects of ambly-

opia treatment have been questioned.

Rutstein and Fuhr3 2 fol lowed 64

amblyopes. They divided their subjects

into two age groups. Group one consisted

of subjects 7 years and younger, whose fi-

nal visual acuities were taken on average

11.8 months after discontinuing treat-

ment. Group two consisted of subjects 8

years and older, whose final visual acu-

ities were taken on average 13.1 months

after discontinuing treatment. They found

that 75% of their strabismic and/or

anisometropic amblyopic patients in

Group one showed some VA reduction,

but overall showed a net acuity gain.

Sixty-seven percent of their patients in

Group two showed some acuity reduction.

Gregerson and Rindziunski33 found a sim-

ilar percentage. They followed 53 pa-

tients with strabismic amblyopia 10 years

after stopping therapy. About 25% main-

tained the gained visual acuity; this agrees

with findings from the study of Rutstein

and Fuhr. The average age when first seen

and when last evaluated was 4.3 and 16.9

years, respectively. Fifty-three percent

showed a one-two line decrease in acuity.

On average, the patients preserved about

50% of the visual improvement.

In contrast to the above 75% of sub-

jects who showed regression, Scott and

Dickey3 1 found that 75% of their

strabismic amblyopic patients retained

their gained acuity. The subjects under-

went full-time occlusion and were fol-

lowed until 9 years of age. They were

re-evaluated at an average age of 15.9

years. Seventeen percent showed a one to

two line decrease in acuity, and 8%

showed a decrease of more than two lines.

Other studies have shown more

mid-range percentages of subjects retain-

ing their gained visual acuity. Sparrow

and Flynn34 followed 30 children with am-

blyopia who were 12 years or younger at

the onset of therapy and had initial acuity

of 20/100 or worse (21 with strabismus,

eight with strabismus and anisometropia,

one with anisometropia). The majority

were treated with full-time direct occlu-

sion. Their final visual acuity was taken at

least three years following discontinuing

therapy. Forty percent of their patients

maintained the gained acuity. Those who

showed regression from the gained visual

acuity regressed less than two lines.

Ching, et al,35 followed 116 strabismic

children with amblyopia who began direct

occlusion therapy by the age of 5. Occlu-

sion was discontinued at a maximum age

of 9 years. Visual acuities of patients were

reassessed at least one year after occlusion

therapy ended. Their study found that

52% of the patients lost some acuity, and

48% retained visual acuity gained. The

mean visual acuity lost was less than one

Snellen line. Oster, et al,25 followed 188

patients with amblyopia at least one year

after discontinuing treatment. They found

that 47% did not require maintenance

patching. This agrees with findings from

Ching, et al. In addition, their findings

also suggest that older children may be

more stable than younger.

Levartovsky, et al,24 investigated the

influence of age at the onset and cessation

of amblyopia therapy on long-term stabil-

ity of visual acuity. They examined 104

children who were treated for amblyopia

by direct occlusion 6.4 years, on average,

after discontinuing therapy. All children

were younger than 12 years of age at the

start of occlusion therapy, and 90% re-

ceived evaluations up to the age of 9 years.

Fifty-five percent of patients showed acu-

ity deterioration. The age at which occlu-

sion therapy began did not significantly

affect the final visual acuity outcome after

cessation of occlusion, provided the acu-

ity was monitored to the age of 9 and

maintenance patching implemented if a

decrease in acuity was noted. The small

number of patients whose occlusion treat-

ment was discontinued before the age of 9

years did not achieve as good acuity, in ad-

dition to showing a higher deterioration

rate when compared to those who were

followed to 9 years of age. The average

visual improvement was 5.5 lines. The

average acuity loss was 1.2 lines.

Levartovsky, et al,36 investigated the

influence of initial visual acuity and am-

blyopia type on the long-term stability of

visual acuity following completion of oc-

clusion therapy. The acuities of 94 chil-

dren were followed to the age of 9 years

and examined 6.4 years, on average, after

the end of treatment. Patients were di-

vided into two groups based on their initial

acuities: 1) 20/60 to 20/100, 2) 20/100 or

worse. Group one showed that 42% of the

patients regressed 0.58 lines on average in

acuity. Group two showed that 63% re-

gressed by 1.54 lines on average. The pa-

tients also were analyzed by their type of

amblyopia: strabismic, strabismic-

anisometropic, anisometropic. Deteriora-

tion of acuity occurred in 46%, 79%, and

36% of patients with an average deteriora-

tion of 0.70, 2.04, and 0.64 lines, respec-

tively. They concluded that low initial

visual acui ty and strabismus-

anisometropia were risk factors for losing

gained acuity over time after the end of oc-

clusion therapy.

These studies investigating the stabil-

ity of amblyopia therapy after discontinu-

ing therapy showed a range of 25%-75%

of patients who retained their gained vi-

sual acuity. This difference may be attrib-
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uted to the variability in research design

and methodology. Overall, the results are

positive. Findings in some of the studies

within this group were in close agreement:

40%,34 45%,24 47%,25 48%.35 In addition,

the remaining percentage of subjects who

regressed in visual acuity showed a re-

gression of less than one line to no more

than two lines. Levartovsky, et al,24 found

an average gain of 5.5 lines. Thus, al-

though slight regression may occur, the

overall visual acuity gained surpasses the

acuity prior to treatment.

Long-term stability of improved vi-

sual acuity has also been associated with

binocular function.1 Ham, et al,37 treated

205 strabismic amblyopes ages 3-16

years. In some cases acuity did not regress

but improved over time, after the cessa-

tion of therapy. Ham, et al, attributed the

improvement and stability of VA to binoc-

ular function made possible by surgery

and/or glasses. Other clinicians propose

that the decrease in visual acuity in the

amblyopic eye after cessation of treatment

can be related to the level of binocularity

the patient has at the time of discontinua-

tion.1, 33, 38 Therefore, treatment of ambly-

opia should not be considered complete or

successful until the visual function of the

amblyopic eye is integrated into and stabi-

lized under binocular viewing condi-

tions.39

In addition to exploring the level of bi-

nocularity as a factor in post-therapy vi-

sual acuity stability, investigators have

researched other possible factors, such as

age at the onset and cessation of therapy,

depth and type of amblyopia, and compli-

ance. Levartovsky, et al,24 found no corre-

lation between the age of onset or

cessation of therapy with the amount of

deterioration in visual acuity. Findings

from this study and that of Oster, et al,25

suggest that older subjects may possess

more long-term stability with visual acu-

ity. In a separate study35 investigating

depth and type of amblyopia, Levartovsky

and colleagues found that a poorer visual

acuity or a strabismic-anisometropia may

yield a worse prognosis. Non-compliance

in children40 and adults26 resulted in sig-

nificantly poorer visual outcomes.

Wick, et al,22 treated adult amblyopes,

who later showed visual acuity retention

and no regression of at least one year

post-treatment. They implemented active

vision training in their treatment protocol,

in addition to spectacle correction and

part-time occlusion. This suggests that

the addition of active vision therapy can

help stabilize long-term visual acuity

better than with passive treatment alone

(i.e., spectacles and occlusion).

Active Vision Learning Vs.
Passive Occlusion

Most of these studies discussed inves-

tigating the stability of amblyopia treat-

ment over time utilized occlusion as the

main, if not only, form of treatment. These

studies investigated the stability of visual

acuity that was passively and “spontane-

ously” regained by spectacle correction

and occlusion. Amblyopic eyes generally

show deficiencies in oculomotor3 and

fixational4 skills, accommodative skills,5

spatial distortion,6 stereopsis,7 and sup-

pression under binocular viewing condi-

tions.8 It seems reasonable that to

rehabilitate a patient with such visual defi-

ciencies, spectacle correction and occlu-

sion should be used in conjunction with

active vision therapy. This modality af-

fords the opportunity for the patient to

learn how to enhance the underdeveloped

visual skills of the amblyopic eye, expe-

diting visual recovery and stabilizing the

visual system.

“Vision therapy” should be called “vi-

sion learning.” Active vision therapy goes

beyond passive therapy (i.e., spectacle

correction and occlusion) by providing

appropriate stimuli and feedback. Feed-

back allows for a conscious awareness

that helps us to monitor internal and exter-

nal stimuli, which in turn helps us control

our body actions. Humans and animals

learn through feedback. Most theorists

agree that learning 1) is a change in behav-

ior that is non-genetic and results from en-

vironmental interaction, 2) is dependent

on action and are effects from practice,

and 3) results in a relatively permanent

change in behavior that will modify future

behavior.41 Polarizing lenses, red-green

filters, lenses, and prisms provide useful

feedback information for patients about

what they visually feel and see and what

they must do to change the situation. The

ultimate goal of vision therapy is to im-

prove underdeveloped visual skills and

help transform them into habits.

Kirschen and Flom42 demonstrated

that amblyopic eyes had a maximum vi-

sual acuity at the fovea. They and other

clinicians “taught” patients to foveate to

achieve maximum visual acuity. Kirschen

and Flom used auditory feedback to con-

trol unsteady and eccentric fixators. An-

other clinician, Kupfer,43 believed that

central fixation was required to achieve

best acuity. He stated that the chance of

central fixation being learned spontane-

ously is decreased with the presence of

central inhibition and eccentric fixation.

“If the visual acuity is to be improved,

patching of the good eye alone may not be

successful. It is essential for these pa-

tients to acquire or to be taught central

fixation before any significant improve-

ment in visual acuity can occur.”43

To further emphasize the importance

of incorporating active vision therapy in

amblyopia treatment, occlusion and spec-

tacles alone oftentimes do not improve vi-

sual acuity and function, as in the patient

discussed in this case report. This may be

attributed to the lack of awareness and

feedback from the dysfunctional visual

system; the amblyopic eye has not learned

to function properly. Studies and case re-

ports have shown that active vision ther-

apy reduces the total amount of therapy

time to achieve best acuity44, 45 and that it

can recover visual loss that passive treat-

ment can not.29, 46-54 Additionally, it has

been shown that active therapy combined

with passive therapy was more effective

than passive treatment alone. Wick, et al,22

implemented a sequential treatment pro-

tocol of spectacle correction, part-time oc-

clusion, and active vision therapy. They

compared their ASI findings to those of

Meyer, et al,28 who used only passive

treatment. The treatment protocol insti-

tuted by Wick, et al, produced higher ASI

scores compared to the passive therapy

used by Meyer, et al. Additionally, suc-

cess rates were significantly decreased in

patients older than 10 with Meyer’s study.

Subjects older than 10 years from Wick’s

study showed similar success rates com-

pared to their younger ones. They con-

cluded that occlusion alone was not as

effective in patients older than 10, and that

active vision therapy needs to be imple-

mented for an effective therapy program.

CONCLUSION
Considering all things discussed and

given the speed and magnitude of im-

provement of the patient discussed earlier,

this case argues that there exists no true

upper age limit for the treatment of ambly-

opia and that patching alone, without at-

tacking the underlying etiology, will not

resolve the problem. Older age, having

amblyopia for a long period of time,
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showing severe visual acuity reduction,

and being strabismic have been impli-

cated as poor prognostic factors. This

woman who has lived with 45 years of se-

verely reduced vision resulting from a

strabismus that could not be detected due

to the gross disuse of that eye, achieved an

80% improvement (using the Amblyopia

Success Index28) in a period of three

months. She is 36 years beyond the “criti-

cal period.” In addition, she demonstrated

deep suppression and a lack of motor or

sensory fusion at the initial evaluation.

Nevertheless, in a relatively short time,

she achieved a visual acuity of 20/50- with

both motor and sensory fusion. Clearly,

there exists no upper age limit for the

treatment of amblyopia.

Future studies regarding vision ther-

apy and amblyopic adults may further

confirm that age does not preclude adults

from therapy. Amblyopia visually im-

pairs 3% of the general population. We

can therefore conclude that a significant

number of visually impaired people live in

our world today. Consequently, there ex-

ists no reason why these people should be

told that nothing could be done to improve

their vision. Rather than dismissing am-

blyopia in an adult patient as a foregone

conclusion, both passive and active vision

therapy should be considered as a viable

option.
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