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Maintenance of improvement
gains in refractive amblyopia:
a comparison of treatment modalities

David E. FitzGerald, O.D. and Ira Krumholtz, O.D.

State University of New York, State College of Optometry, New York, New York

Background: In June of 1999, an initial study reparted on the
eftect ol differrg treatment modzlities m imgeoving visusl
acuily and slerenacuity in patents with unilateral retractive
ambdyogaa. This study reports on the patients’ visual main-
tenance of acuity naing for each specified rreaiment modal-
ity Patients were re-evaluated over 8 1- to Z-year period aher
cessation of treatment

Methods: Becorgs of patients who participated in the wmitial
stisdy were retrospectvely reviewed 110 2 years after cas-
satio ol therapy 10 determing whether visual acuity gains
WEre maintained

Results: Patients were divided according o reatment modal-
ings, Results [or the three patient groups were az foflows;
S0% of patients with aptical covrection alone maintained
wisual acuity improvement; 50% of patients with aptical cor-
fectaon and occlusign mamtained visual acusty gaing; and
100% ol patnents with optical correction, occlusson, and
wisian therapy had maintained visual acuity gaing, OF the
ihree age groups—4 years to B years, 11 months, 7 years
109 years. 11 months; and 10 1o 14 years—the oldest ape
groug maintaingd the highest percantage of visual acuity
g&Ins.

Conclusions: In oer sample, at laazt 50% of the unilateral ani-
spmnetrapic ambdyopic patients, wha initially experienced
vigual acuily gains atter treatment [regardless of trestment
mgdalily o¢ a0) mainained those acuity gains at 1- to 7-
vear lollewup. One hundred percant of those patients who
recened the vision therapy modality of reatment retaineg
the smarovement 81 follewup—a statistically significant dif-
fergnce when comgarad with the other fwo groups,
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retention
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n a previously published study, the authors tracked uni-

lateral refractive amblyopic patients' outcomes as a func-

tion of treatment modalities.! These patients were seen
at the University Optometric Center, State University of
New York, State College of Optometry in New York City.
The initial study {and this article) defined amblyopig as visual
acuity waorse than 20/30 or a two-line difference in visual acu-
ity between two heaithy eyes.? Treatment alternatives offered
in the initial study were optical correction alone (Group 1),
optical correction with occlusion (Group 2|, or optical cor-
rection with occlusion and vision therapy (Group 3). Using
retrospective record review, the initial cohort was tracked
for a period of 6 months, and gains in visual acuities (VA
and stereoacuity [SA) were noted.!

Qur report on that study contains a more-detailed descrip-
tion of the patients, success criteria, and methods—all of
which are pertinent to the present work. The criteria used
for visual acuity success was a two-line improvement of
Snellen visual acuity, and for sterecacuity a 20-second-of-
arc improvement as measured by Wirt circles. The success
rates from that study were as follows:
for the patients who were in the optical correction
alone group, 41% for VA and 18% for SA;
for the optical correction with occlusion group, 69%
for VA and 30% for SA: and
 for the optical correction with occlusion and vision
therapy, 67% for VA and 67% for SA.
It was concluded that there was no statistical difference in
visual acuity improvement between the second and third
groups; however, stereoacuity improvement was significantly
better in the third group.! It has been reported that after
cessation of therapy, deterioration of visual acuity occurs in
153
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nearly half the children.** In our

literature search, we were unable
to find a study with only refrac-

tive amblyopes who received

varied treatment protocols and
whose post-treatment progress

was evaluated. Many follow-up

studies—like the two cited*—
consist of a very high percentage
or a total sample of strabismic
amblyopes. Therefore, we
decided to re-examine cur sam-
ple of solely refractive amblyopic
patients for WA and SA 1 to 2
years after cessation of therapy.

~ J o o - @D
(5]
==
L

There are a number of articles ;
that delineate outcomes of various 0-
less-conventional amblyopia treat-
ments. > 'Y These techniques are
used to increase the effectiveness
of the therapy or to enhance com-

1

subjects who
maintained

acuity gains

group group group
2 3

pliance by including pharmaco-
logical penalization armblyopia
therapy.!"'2 Classically, the mode
of therapy for amblyopia is opti-
cal correction and some form of occlusion.!®¥
When occlusion is a component of therapy, the
compliance factor is frequently an issue, 1¥22 Thus,
some patients or doctors may choose a less-aggres-
sive treatment plan to start and opt for an optical
correction alone, though this may not statistically
provide the better outcome.?* A more-aggressive
treatment plan would use active vision therapy in
conjunction with the optical eorrection and ocelu-
sion therapy.®* Vision therapy treatment plans for
amblyopia routinely include activities designed to
enhance ocular motility, fixation, accommodation,
and binocularity.®*** In determining ftreatment
modalities for the initial study, all the above fac-
tors were considered, At that time the treatment
madalities chosen were believed to be the most-
viable and cornmonly used by eye care providers.

Methods

After at least one year following cessation of ini-
tial amblyopia therapy—regardless of treatment
modalities—the records of the initial cohort were
reviewed to determine retention of visual acuity
gains. Of the original sample of 52 patients from
the first study, thirty-four (34} patients returned
for follow-up care. Of the initial 31 patients who
had improved wvisual acuity, twenty-three [23)

figure
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Percent of subjects who maintained visual acuity for each treatment modality:
Graup 7, optical correction only; Growg 2. optical correction and occlusien: and
Group 3, optical correction, occlusion, and vision therapy).

returned for follow-up care. Of the remaining 21
patients who did not experience an improvement
in visual acuity, ten [10] patients returned for fol-
low-up care. All returning patients received a
comprehensive eye examination and, if indicated,
a new prescription. Visual acuity and stereoacu-
ity were then taken through the best lens cor-
rection. The following information was obtained
frl:lm each record:

1.'the age of the patient when treatment was
initiated;

. the gender of the patient;

. the type of refractive error:

. the VA of the amblyopic eve and SA before
treatment, after treatment, and 1 to 2 years
after cessation of treatment; and

5. the time interval between end of therapy

and follow-up evaluation. All patients were
unilateral refractive amblyopes with no sig-
nificant ocular pathological abnormalities.
No strabismic patients were included in the
study. Visual acuities were measured with
Snellen letter charts and stereoacuity was
measured using Randot Wirt circles.” VA
and SA measurements were obtained by var-
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* Available from StereoOptical 3539 MNorth Kenton

Avenue, Chicago, lllinois 60641,
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Table 1. Results for those patients who showed acuity improvement in the initial study

| f:'gsjf{e::x He.far:f;we Group* Vai VA1 VA2 Sai sA1 SA2 F/U

Y M 3 100 40 30 80 40 20 1.2

11/M H 2 200 60 a0 &0 50 50 1.4

7/F A 2 200 50 50 60 60 50 1.0

5/F H 3 zo0 30 20 60 30 20 s

6/M M 7 60 20 20 60 20 z20 1.5

i 8/M A 3 80 20 20 50 20 20 1.6

| a/ha H 1 100 a0 50 B0 30 50 1.5
a/F H 2 200 40 50 (=18] &0 G0 o [ |

; 8/F M 3 80 50 a0 70 30 40 1.8

a/F n 7 100 40 30 60 60 30 1.9

11/M HA 1 100 80 100 80 80 100 1.6

B/ nA 2 400 40 40 T 40 40 40 2.1
10/F HA 2 50 20 20 50 20 20 1.10

7/M HA 1 200 60 100 40 40 80 15

&/M A 2 100 20 ao 80 20 80 1.3

14/ M 2 100 40 40 80 a0 40 1.0

9/F H 2 40 20 20 40 20 20 1.6

10/M A 2 100 20 20 80 30 30 1.4
10/ A 200 60 60 80 80 80 1.11

8/ A 2 a0 20 40 40 30 a0 1.2

7/ HA 2 200 a0 80 a0 a0 80 1.0

11/F H 3 80 40 40 50 20 20 %1

i /0 N 3 100 20 20 50 20 20 7.7

Vai Pre-treatment visual acuity (Snellen denominator); WAT, post-treatment visual scuity: WAZ follow-up visual acuity; Saf pre-irieatment s1erenacuity
{seconds of arcl; SAT. post-treatment steracacuity; SAZ follow-up sterecacuity; KU time of fallowup from cessation of therapy (years.months);
M. myopia; H, hyperopia; A, astigmatism; MA, myopic astigmat: and HA, byperopic astigmat

| * Group | = optical correction only, Growp 2= optical correction and occlusion; and Grows 3= optical correction. occlusion, and vision therapy,

lalicized bold entrigs indicate patents who maintzined visual aceity gains

ipus examiners, including student clinicians
who were not masked to previous patient
care, The measurement of amblyopes’
visual acuity by the Snellen letter chart is not
as accurate as psychometric measurements
using an S-chart; however, in most clinical
settings the former is used.

Results

Of the 31 original patients who had improved
visual acuity in the original study, 8 [26%] were
lost to followup. The clinical findings for the
returning 23 patients who initially showed
improvement in the first study are listed in Table
1. During the interval between discharge and fol-
lowup, 3 of 6 patients (50%) in optical correction
alone group [Group 1] maintained visual acuity
gains (see Figure). In the optical correction with
occlusion group |(Group 2}, 6 of 10 patients |60%|
maintained visual acuity gains [see Figure). In the
optical correction with occlusion and vision ther-
apy group {Group 3), 7 of 7 patients {100%) main-

tained visual acuity gains (see Figure]. Chi-squared
analysis incorporating Yates' correction for small
samples shows no statistical difference between
groups 1 and 2 (¥ = 0.017; df = 1), while the
results from Group 3 [¥* = 3.24; df = 1] com-
pared with both Groups 1 and 2 are statistically
significant at the 0.10 level,

All the patients with a regression of visual acu-
ity had a refractive error that was either hyper-
opic, astigmatic, or a combination of both. Due
to small sample size, both of these observations
are stated only as trends and not as statistically
significant in any manner. There was no statisti-
cal difference between results of those patients
followed up between 1 year and 1 year, 4 months
and those followed up from between 1 year,
9 months until 2 years, 1 month.

All patients, regardless of treatment outcomes,
retained at least their initial pretreatment visual
acuities (see Tables 1 and 2). Consequently, patients
in this study who experienced visual acuity
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Table 2. Results for those patients who had no acuity improvement in the initial study [
Age (in Refractive : |
el SOr " Group®. Nal. VAN, - NAZ Sai sa1  sAz  FuU |
&/F P 1 100 100 100 &0 8O 80 1.5 |
12/M - 2 B0 80 BO BO BO 20 1.2
13/F HA 2 50 40 30 50 50 50 2.0 |
7MW ¥ 1 80 70 80 70 BO BO 1.3
11/F H 1 40 40 40 40 40 a0 1.8
f &5/ H 3 100 100 80 a0 70 (=18 1.3
I &/ma Ha 3 60 =20 &0 80 80 80 1.8
| =F M 1 80 80 BO B8O 80 B0 Eram
| 7/ma - 2 200 200 200 100 100 100 1.2
10/F Ha 2 50 40 50 ={0] 50 50 1.7

| Vai Pre-treamment visugl acuity (Snellan denominatar]: MAT, post-ireatment visual acuity; WAZ2 follaw-up visual acuity; Sai. pre-trestment stereacuity
| iseconds of arcl: SAT, past-treatment stereoacuity. SAZ follow-up steregacuity, FU. time of followwp from cessation of therapy [years.months);

M. myopia; H. hyperopia; and HA, hyperopic astigmat

| = Group 1 = optical cosrection only; Group 2 = optical correction and occhusion; and Group 3 = optical correction, occlusion, and vision therapy

declines lost treatment-related
acuity gains only. The retention
or regression of post-treatment ’
visual acuities was not influenced

Table 3. Comparison of patients who maintained visual
acuity, by age and treatment modality

by post-treatment visual acuity

gains. Patients who achieved
20/40 or better {12 of 17, or T1%)
were essentially the same as
those patients with visual acuities

Age (yrs.) Group 1 Group 2 Group 3
4 to 6 yrs., 11 mos. 0 of 1 1o0f3 2of 2
7 to 9 yrs., 11 mos. 2of3 2of4 30f3
10 to 14 vears 1 of 2 Fof3 2 of 2

of 20/50 or worse post-treatment
4 of 6, or 67%). Using chi-

* Group 1 = optical carrection only; Group 2= optical cormection and acclusion; and Group 3= optical
corection, occlusion, and vision thesapy.

squared analysis, results were sta-
tistically equivalent when pretreatment visual
acuities of 20/400 to 20/200 (11 of 15, or 73%)
were compared with pretreatment visual acuities
of 20/100 to 20/40 (5 of 8, or 63%). Thus, we found
no statistical difference in retention of VA gains
based on initial depth of amblyopia.

The mean age in group 1 was 8.67 years (6 to 10
years]; in group 2, the mean age was 8.2 years |4
to 11years); and the mean age for group 3 was 8.0
years (5 to 1lyears). Thus, all three groups had
essentially an equal mean age. Children from ages
4 years through 6 years, 11 months had a 50% over-
all maintenance of visual acuity gains. Children ages
7 years through 9 years, 11 months had a 70% over-
all maintenance of visual acuity gains, and children
between the ages of 10 and 14 years had an 86%
maintenance of visual acuity gains (see Table 3).

Ninety-four percent of the patients (15 of 16) who

maintained their visual acuity gains retained their
sterecacuity. Of the patients whose visual acuity
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gains regressed, the level of retention of sterecacu-
ity gain was 14% (1 of 7). Patients who did not
meet the initial criteria for visual acuity or
stereoacuity success had no change in their long-
term follow-up stereoacuity findings (see Table 2

Discussion

The patients in many amblyopia studies?13.14.26.27
have a combination of etiologies (i.e., strabismus,
anisometropia, or combined mechanism). This
can make it difficult to isolate particular etiology
subgroups—especially if that group constitutes a
smaller percentage of the overall sample. In Flynn
et al's review!? of 23 amblyopia studies, ani-
sometropic amblyopia cases comprised only 15%
{142 of 961) of the sample. In another frequently
cited paper, by Sparrow and Flynn? only 3% of
their amblyopic patients were solely ani-
sometropic. Even if the specific subcategories are
identified, the outcome data are frequently not
category specific,!4.17.21
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There are several studies in which it is possible
to extract unilateral anisometropic amblyopic
patients from the total sample, thus allowing cal-
culation of the percent of patients who main-
tained improvement in visual acuity. Using this
method, 81% of the anisometropic amblyopes (17
of 21) in the Bowman et al. study?® maintained
their visual acuity gains four years later. Rutstein
and Fuhr?” had essentially an equal number of
anisometropic amblyopic patients who main-
tained and lost visual acuity gains. Rutstein's total
sample had at least a 67% reduction of visual acu-
ity gains; consequently, the anisometropic ambly-
opic group had a better success rate than their
strabismic counterpart. On average, their follow-
up evaluations were 14 months after cessation of
active treatment.?” The paper stated that a reduc-
tion in visual acuity 1s more likely to occur within
the first year post-treatment, and it was therefore
recommended that all amblyopic patients be fol-
lowed carefully at regular intervals.®?

In our sample, at least 50% of patients in all treat-
ment modality groups experienced retention of
visual acuity gains. The visual acuity retention rate
of groups 1 and 2 are very similar to those found
by Rutstein. The vision therapy group had a 100%
success rate in maintaining visual acuity gains.
Wick et al.?® reported 100% success on the follow-
up evaluation of four anisometropic amblyopic
patients who completed a designed vision therapy
program. They noted prolonged improvements in
both visual acuity and binocular function.

Several factors are likely to contribute to the suc-
cess of a vision therapy treatment program. In our
study, vision therapy was the most-active treat-
ment of the three treatment modalities—and
specifically addressed issues of ocular motility, fix-
ation, accommodation, and binocularity. Addi-
tionally, a patient who participates in weekly
therapy receives frequent monitoring by a doc-
tor and may be more motivated and compliant
than those patients who receive only passive treat-
ment. The literature is filled with issues of com-
pliance and its relationship to potential
success,!1:12.20.22 patients’, parents’ and doctors’
perception of compliance may not all correlate.2®
Our data would certainly be strengthened if there
were 2 controlled compliance factor for each treat-
ment modality group. Since our study was ret-
rospective, we were unable to accurately obtain
compliance information. Even if it were available,
the quality of the history could not be assured.
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The visual system has a number of developmental
periods, which occur on a continuum, but are not
mutually exclusive. The neurological and physi-
ological transformations result in the development
of visual acuity and stereopsis, along with other
visual functions. Timing and depths of interrup-
tions in vision development are critical to the out-
come of this process.®3 This concept was
encapsulated by Vaegan and Taylor,®® who stated
that a deprivation occurring between 3 and 10
years of age differs in having a slawer rate of
visual reduction and is more amenable to treat-
ment than visual insults occurring earlier in life
It is well-established and accepted that the best
outcomes in amblyopia management occur with
younger patients who receive early treatment
intervention.?®3435 In gur sample, this was not the
case. Qur youngest age group experienced at least
a 50% retention of visual acuity gains. Thus, it
would appear that our younger amblyopic
patients might have needed earlier intervention
and stricter monitoring, whether it was in the
form of more-frequent follow-up visits or greater
compliance reinforcement. The 7 to 9 years, 11
months group had a 70% retention rate, while the
oldest group had an 86% retention rate. Birnbaum
et al.* reviewed 23 amblyopia studies and con-
cluded that many older amblyopic patients—espe-
cially those up to 16 vyears of age—can be
successfully remediated. Qur results would
appear to support Birnbaum et al. Motivated older
patients could potentially be more compliant and
overcome some of their biological and physio-
logical deficits imposed by the “critical period."*"
The issue of age of amblyopia treatment and out-
come may best be summarized by Daw,* who
stated *...the critical period for a cure lasts longer
than the critical period for creation of a deficit.”
Scheiman and Wick?® state that the “critical”
period for the development of amblyopia does not
necessarily coincide with that of treatment suc-
cess. They refer to this cure period as the “plas-
tic period.*

In our study, the sterecacuity results indicate that
nearly all patients maintained sterecacuity gains
in conjunction with visual acuity gains. Likewise,
nearly all patients who lost visual acuity tended
to have a loss of sterecacuity, and nearly all
patients who had no gains in visual acuity tended
to maintain their entering level of stereoacuity.
Studies have demonstrated declines in stereoacu-
ity as a result of visual acuity loss.**#! Though a
direct relationship between visual acuity and
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