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ABSTRACT

Clinical opinions regarding treatment of intermittent
exotropia (IXT) vary widely and there is controversy as
to which treatment modality is most successful. This
paper reviews the clinical literature related to five dif-
ferent treatment modalities used for IXT: overminus
lens therapy, prism therapy, occlusion therapy, extra-
ocular muscle surgery, and orthoptic vision therapy.
Based upon review of 59 studies of treatment of IXT,
and using each author’s stated criteria for success, the
following pooled success rates were revealed: over-
minus lens therapy (N=215), 28%; prism therapy
(N=201), 28%; occlusion therapy (N=170), 37%; extra-
ocular muscle surgery (N=2530), 46%; and orthoptic
vision therapy (N=740), 59%. Success rates for IXT
surgery differed depending upon whether a functional
(43%) or cosmetic (61%) criterion was used to evaluate
treatment success. These pooled success rates must
be viewed carefully because nearly all the studies
suffer from serious scientific flaws such as small sam-
ple sizes, selection bias, inadequately defined treat-
ments and success criteria, absence of statistical
analysis, and results reported in a manner that makes
interpretation difficult. These problems indicate the
need for a careful, circumscribed, and well controlied
clinical trial to study the efficacy of different treatment
modalities in remediating IXT.
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Intermittent exotropia (IXT) is a common form
of binocular vision dysfunction that is characterized
by an abnormal outward deviation of the visual axis
of one eye. The typical patient with IXT shows
normal binocular alignment and sensory fusion part
of the time with intervals of disrupted fusion when
one eye turns outward resulting in diplopia,
suppression, or anomalous correspondence. Pa-
tients report diplopia, headaches, photophobia, and
reading problems, and often express displeasure
with their cosmetic appearance when an eye turns.

Treatment of IXT has included various proce-
dures intended to facilitate binocular sensory fu-
sion. The ultimate goal when treating IXT is to
reduce the frequency of eye turn by enhancing the
fusional processes. A complete functional cure
achieves continuous binocular alignment and bin-
ocular sensory fusion.

To attain normal binocular sensory fusion, each
eye must have a clear retinal image that falls upon
corresponding foveal points. To establish a clear
retinal image, lenses that neutralize the refractive
condition and balance accommodative effort should
be prescribed when indicated. This important man-
agement step is taken initially by most, but not all,
clinicians. When IXT continues to occur even with
refractive correction, further treatments may in-
clude: (1) stimulating convergence with lenses (ov-
erminus lens therapy), (2) partial (or sometimes
complete) compensation of the exodeviation with
prism (prism therapy), (3) temporary interruption
of input to one eye to reduce suppression (occlu-
sion), (4) reduction of the exodeviation by surgical
relocation of the extraocular muscles (extraocular
muscle surgery), and (5) training with feedback to
increase fusional vergence ranges and normalize
sensory fusion [orthoptic vision therapy (VT)].



In this paper we review almost all studies related
to efficacy of treatment of IXT that were published
in English during the past 25 years. Case studies
and reports involving very small samples (10 sub-
jects or less) were not included unless important
information regarding treatment efficacy was dis-
cussed. A few studies older than 25 years were
included to provide a comprehensive perspective
and to convey information which is not available
in the more current literature. Studies are presented
in the text and tables in order of increasing reported
rate of success without regard to date of publication.

This review of the five IXT treatment modalities,
with emphasis on studies evaluating conservative
(nonsurgical) treatments, was undertaken to deter-
mine the efficacy of each in the management of
IXT. In evaluating the entire literature relating to
treatment of IXT it becomes apparent that: (1)
many papers lack information on the sensory status
of patients before and after therapy, (2) almost all
studies are retrospective, (3) most lack the controls
necessary to draw accurate conclusions from the
results, (4) sample sizes are usually small, and (5)
results are often reported in a manner that makes
interpretation difficult.

Throughout the literature, criteria for success are
seldom rigidly defined and there is no general agree-
ment on the definition of “cure” or “success.” The
definition of successful outcome has, in the last
decade, become more standardized using criteria
similar to those of Flom,' which include: clear,
comfortable binocular vision at all distances up to
the nearpoint of convergence (NPC), normal NPC,
stereopsis and normal motor fusion ranges, a 1%
frequency of tropia is allowed provided that diplopia
is noticed at these times, and up to 5% prism may
be worn in spectacles.

Notwithstanding the existence of Flom’s criteria,
“successful outcomes” in the various studies run
the gamut from reduction of suppression to estab-
lishment of heterophoria, precise stereopsis, and
fusional ranges in all positions of gaze. Authors
frequently reported only on changes in cosmetic
alignment without apparent consideration of sen-
sory fusion status. The lack of a uniform definition
of success, along with inconsistent definitions of
diagnostic conditions and treatments, prevents the
application of consistent outcome criteria in re-
viewing the IXT literature. In the review that fol-
lows, each paper is evaluated in terms of each
author’s stated success criteria, and these criteria
are presented relative to emphasis on visual func-
tion or on cosmetic alignment.

It is important to recall that among patients with
IXT, sensory fusion capability is present before
treatment and often exists much of the time. The
argument for cosmetic alignment as being a suc-
cessful outcome may be valid in forms of strabismus
where sensory adaptations make it difficult to re-
store normal sensory function (e.g., congenital eso-
tropia). However, given that some degree of sensory
fusion exists before treatment in IXT, any inter-

vention which yields no improvement in frequency
or duration of normal sensory fusion, despite a
modification in cosmetic alignment, cannot be con-
sidered a functional success.

A further challenge in ascertaining the efficacy
of individual treatments for IXT arises because it
is frequently treated by combinations of treatment
modalities. The relevant literature is representative
of clinical practice in this regard. As such, published
reports cannot always be categorized exclusively in
terms of a specific treatment modality. For exam-
ple, overminus lens therapy or prism therapy may
be used at some stages of reported VT studies.
Patients in surgical studies may also have been
treated with various combinations of prisms, over-
minus lenses, occlusion, or VT to eliminate pre- or
postoperative diplopia, abnormal correspondence,
or suppression. This circumstance results in con-
founding conclusions about the individual efficacy
of each treatment modality.

OPTICAL CORRECTION OF REFRACTIVE
CONDITION

In clinical management of IXT, the routine ini-
tial step is evaluation of the refractive condition
and ensuring that the appropriate optical correction
is in place. Spectacles or contact lenses may there-
fore be considered the primary step in treatment.
Indeed, it may be the critical step for IXT patients
with otherwise normal sensory and motor function
who have untreated myopia, anisometropia, or as-
tigmatism. For these patients, clear retinal images
provided by optical aids may improve fusion and
lead to a reduction in frequency or even elimination
of the IXT. The proportion of IXT patients who
may be treated successfully solely by correction of
refractive condition is unknown, and very few re-
ports address this question (Table 1).

A widely cited study by Hiles et al.? reports
results of 48 IXT patients who, despite being con-
sidered candidates for surgery, remained unoper-
ated and were followed for 6 to 22 years. The only
treatment provided was optical correction of their
refractive condition. The average exodeviation at
the start of the study was 23* at far and 11° at
near; at the end of the study these values were 182
and 8“. At the start of the study, all 48 patients had
IXT at far; at the end, 15 had IXT, 2 were con-
stantly exotropic, and 31 were exophoric. At near,
41 patients were phoric and 7 had IXT at the start
of the study; at the end 45 were phoric and 3 had
IXT. Average NPC did not change. Prevalence of
suppression at far changed from 58 to 40% over the
duration of the study. During the study period, the
average refractive error shifted from +0.05 to —1.59
D. Based upon cover-uncover testing, 65% of the
patients who originally had IXT at far became
exophoric at far after 6 to 22 years of treatment
limited to refractive correction. Two (4%) patients
in the sample progressed to a constant exotropia at
far during the study. Hiles et al. concluded that
“.. by and large, although there is a general trend
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TaBLE 1. Best optical correction.

Authors, Year,

Success Criteria,

Sample Size, Treatment; Duration Success Rate, Critique

Type of Study Failure Rate
Hiles et al., 19682 Best optical correction; Phoric @ 20 ft. and Poorly defined success criteria
N = 48 6 to 22 years reduced size of Small sample (<50)
Retrospective deviation. No control group

65%, became

No statistical analysis
phoric; 73%, re-

duced size of

exo.

Not specified

toward the reduction of the strabismic angle, most
patients stayed within approximately the same an-
gular measurement throughout the follow-up
period.”

Hiles et al. acknowledged that their results con-
tradicted the popular impression that childhood
exophorias tend to progress to a constant exotro-
pia.>5 von Noorden® documented such progression
when he found an increased magnitude of deviation
and/or progressive loss of binocular function in
75% of 51 young unoperated IXT’s who were fol-
lowed for an average of 3.5 years. Weinstein et al.”
reported that 76% of 37 surgically undercorrected
IXT patients showed a gradual increase in the
exodeviation over time. Progression of IXT in
terms of increased angle of deviation has also been
noted during a 10-year follow-up period after sur-
gery.® Hiles et al. did not attempt to justify their
somewhat controversial findings, but did note that
their subjects may have had “milder” forms of IXT
because each had not complied with the original
recommendation for surgical treatment. Epidemi-
ological studies by Weve® and Frandsen'® indicate
decreased prevalence of all types of strabismus in
the population after 6 years of age, suggesting that
spontaneous improvement may occur in at least
some cases.

OVERMINUS LENS THERAPY

Overminus lens therapy—spectacle or contact
lenses with more minus (or less plus) power than
necessary for best refractive neutralization—is a
treatment for IXT which may have its effect
through one or more of three ways: (1) The angle
of deviation can be reduced by stimulation of ac-
commodative vergence, thus allowing the residual
angle to fall within the range of motor fusion. (2)
Small accommodative vergence movements may be
stimulated via increased accommodation as the eyes
focus to clear the retinal images which were blurred
by the added minus power. When the disjunctive
motion begins, reflex fusional vergence may then
be more readily used, analogous to the manner that
blink vergence enhances fusional vergence re-
sponses.'! (3) Overminus lenses may allow clear
distance vision and, thus, facilitate fusion. Many
IXT patients remark that when they maintain sin-
gle vision their distance vision becomes blurred.
This might occur because of a stimulation of accom-
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modation by the excessive amount of convergence
required for fusion (convergence accommodation),
or because of reliance upon excessive accommoda-
tive vergence to overcome the exodeviation. For
these IXT patients, added minus lenses would allow
clear and single vision.

The amount of overminus lens power that is
prescribed in the treatment of IXT varies among
patients and practitioners. Generally, the minimum
overminus power that enables constant fusion is
given. Ideally, after constant fusion has been at-
tained for a period of time, the overminus lens
power is gradually reduced to zero.

Regardless of the mechanism of action or the
technique of application, recent surveys of members
of the American Association for Pediatric Ophthal-
mology and Strabismus'? and the International
Strabismus Association’® show that overminus lens
therapy is a popular treatment modality among
medical practitioners who use conservative treat-
ments for IXT before recommending strabismus
surgery. The surveys of both groups of practitioners
showed that overminus lens therapy was second
only to occlusion therapy as the preferred conserv-
ative treatment modality.

Kennedy' reported on a sample of 153 patients
with exodeviations (undifferentiated between con-
stant and intermittent) who did not respond to VT
and for whom strabismus surgery was not indicated
or was refused. Patients’ age range was unspecified
but was at least 2 to 14 years based upon cases
discussed. Up to 6.50 D of overminus lens power
was used. Of the 153 patients, 12% became phoric
with overminus lens treatment, and 37% demon-
strated at least occasional fusion. Patients who
were treated successfully were pleased with the
cosmetic improvements and did not experience as-
thenopic symptoms (e.g., no blur, eye strain, or
headaches). Kennedy’s reported success rate is far
less than that attained in the other two published
studies of overminus lens therapy, possibly due to
the presence of constant X'T"s in his undifferentia-
tied sample of patients with exodeviations (see Ta-
ble 2).

Goodacre'® found that 63% of 27 IXT children
became exophoric within 12 months of overminus
lens treatment and 33% had a decrease of at least
154 in the magnitude of the exodeviation. The
children ranged in age from 18 months to 6 years



TasLE 2. Overminus lens therapy.®

Authors, Year,
Sample Size,
Type of Study

Treatment; Duration

Success Criteria.
Success Rate.
Failure Rate

Critique

Kennedy, 1954
N = 153 (mixed IXT and XT)
Retrospective

Overminus lenses and
visual training; Not
specified

Goodacre, 1985
N = 27 (DE IXT)
Retrospective

Overminus lenses with
some orthoptics; 12
months with some fol-
low-up to 67 months

Caltrider and Jampolsky, Overminus lenses; 2-156

1983'° months with median =
N =35 18 months
Retrospective Average = 35 months

Eyes straight and con-
stant fusion (unde-

No control group
Poorly defined success criteria

fined). Poorly defined treatment
12%, Poorly defined subjects
33% No statistical analysis

Constant XT’s included
Muitiple Tx modalities

Phoric at near, 6 m, and No control group

far. Poorly defined success criteria

63%, Small sample (<50)

Not specified Poorly defined subjects

Multiple Tx modalities

No control group

Poorly defined success criteria

Well controlled XP while
wearing overminus

lenses. Small sample (<50)
72%, Poorly defined subjects
28%

@ Abbreviations: XP, exophoria; XT, exotropia; IXT, intermittent exotropia.

and the average prescription incorporated 2.50 D
(range 1.25 to 3.75 D) of additional minus power.
Overminus therapy was augmented by orthoptic
procedures. Subjects were divided into two groups
based upon whether a surgical procedure was even-
tually recommended. Those who eventually under-
went surgery (35%) tended to have larger initial
angles of deviation (both at far and near) and lower
AC/A ratios.

Caltrider and Jampolsky'® reported that 72% of
their 35 subjects (ages 2 to 13 years) underwent a
change from IXT to well controlled exophoria when
wearing overminus lenses (2.00 to 4.00 D), and that
26% had a decrease of at least 15* in the magnitude
of the exodeviation. No assessment of binocular
visual function beyond cover testing was reported.
Duration of treatment ranged from 2 to 156 months
with an average of 35 months. Ten successful sub-
jects were followed for at least 1 year after discon-
tinuing therapy; of these, 7 maintained their qual-
itative fusional improvements.

Various adverse effects have been related to use
of overminus lens treatment. von Noorden® re-
ported that accommodative asthenopia may occa-
sionally occur during treatment, particularly among
older children and adults. An additional hazard is
the possible development of convergence excess
esotropia at near as noted by Caltrider and Jam-
polsky.’® This relatively rare occurrence can be
avoided by appropriate diagnostic testing to deter-
mine which patients should be prescribed a bifocal
lens when undergoing overminus lens treatment.

Development or increases of myopia might also
be long-term risks of overminus lens correction.
Such increases in myopia have been reported,'® ¢
especially among individuals who are slightly my-
opic at the start of therapy. T'o determine whether
overminus lenses cause progression of myopia in
IXT, Rutstein et al.*" prescribed overminus power
ranging from —0.50 to —3.75 D for 9 to 86 months.

Myopia progression greater than 0.50 D per year
was experienced by 25% of their pediatric exotrope
sample (N=40). However, no relation was found
between the rate of myopia progression and either
the amount or duration of overminus therapy. The
authors concluded that the rate of myopia progres-
sion was no greater than would have been expected
without overminus treatment.

One obvious limitation in overminus lens therapy
is that its use is limited to young patients with
sufficient accommodative amplitude, and it has not
been shown to be of value to the presbyopic patient.
All the cited studies have involved pediatric pa-
tients. If a patient begins overminus therapy at a
young age and is not able to discontinue this treat-
ment, symptoms may eventually reappear during
the early presbyopic years and some other treat-
ment modality may have to be implemented.

Overminus Lens Success Rate

The overall rate of treatment success with over-
minus lens therapy, pooled across the 3 studies
cited, is 28% (60 of 215). It is noteworthy that the
pooled success rate increases to 68% if Kennedy’s'*
historical study, which did not differentiate con-
stant and intermittent exotropes, is eliminated. Ov-
erminus therapy for divergence excess IXT has
been advocated as a desirable treatment approach
when cost is considered or when travel distance for
treatment is a factor.' It has also been suggested
as a more continuous form of therapy when patient
compliance in orthoptic therapy is poor,'® !® and as
a temporizing procedure when a patient is awaiting
surgical treatment.'®

PRISM THERAPY

The use of prism in management of strabismus
has a history in the vision care sciences dating from
the late 1800s and continuing through current
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times, especially in Europe,® where all forms of
conservative treatment for IXT are used more fre-
quently than in North America.’® Prism use in
modern times, as reported in the treatment of IXT,
has primarily been limited to pre- or postsurgical
application to facilitate binocular sensory fusion,
although some IXT patients are treated solely by
prism application. Use of prism in IXT has been
more widely considered since the advent of Fresnel
membrane prisms, which eliminate many of the
problems of weight, cosmesis, and cost associated
with conventional ophthalmic prisms.

There are three distinct approaches to prism
therapy for management of IXT patients. The first
involves prescribing prisms to compensate for a
portion of the exodeviation, reducing the “demand”
on fusional vergence (relieving or demand-reducing
prisms). Ideally, this allows more stable fusion and
reduces the frequency of the IXT. The second uses
prisms that neutralize the entire exodeviation and
thereby allow sensory fusion while the visual axes
remain diverted (neutralizing prisms). The third
involves prescribing base-in prisms beyond the
value that neutralizes movement on the alternate
cover test (overcompensating prisms) in an attempt
to cause the IXT patient to converge to avoid the
annoying diplopia that is introduced.

The three approaches to prism therapy differ in
that the first two approaches are prescribed to
wholly or partially compensate for an exodeviation
in an effort to attain more continuous binocular
sensory fusion. The third approach is prescribed to
modify the exodeviation (see below) and to yield
normal sensory fusion only when the overcompen-
sating prisms are decreased in power or discontin-
ued. Ideally all approaches involve the process of
gradually reducing the prism power as fusional sta-
tus improves.

Demand-Reducing (Relieving) Prism

Probably demand-reducing prism is the prism
therapy modality most commonly used clinically,
although studies of its efficacy have not been re-
ported for management of IXT. Because IX'T pa-
tients have normal sensory fusion a portion of the
time, the clinical investigations of demand-reducing
prisms in exophoric patients may be applicable.
Worrel et al.’® prescribed spectacle lenses with
prism that provided fusional vergence reserves of
at least 2 times the heterophoria for 43 patients, 26
of whom were exophoric. The young exophores (N
= 21) did not prefer spectacles that contained
prism, whereas 80% of the presbyopic subjects (N
= 5) did. Payne et al.?* prescribed prism that re-
duced the near fixation disparity to zero for 9
exophoric subjects. All 9 subjects had convergence
insufficiency (greater exophoria at near than at
distance), and preferred lenses with prism.

Neutralizing Prism

Hardesty?! discussed the use of “fusing” (neu-
tralizing) prism and suggested using a power mid-
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way between the values of the near and far devia-
tion. In cases where this prism value did not elicit
heterophoria at all distances, he recommended pre-
scribing spectacles which have different prism pow-
ers in the upper and lower portions of the lenses.
Such a prism prescription should be worn for a
minimum of 6 months for adequate determination
of the patient response, according to Hardesty.
Other authors discuss the use of neutralizing prism
in treating constant (rather than intermittent) ex-
otropia,?® 2 so their reports are not included in this
review. Studies of prism therapy which are included
in this review are summarized in Table 3.

In a recent paper, Hardesty® reported on a series
of 105 postsurgical patients with recurrent IXT who
were treated with prism (neutralizing prism is im-
plied, though not specified). Prisms were worn for
3 months to 15 years (average 14 months) and 34
of the patients (32%) were cured (no tropia, no
ongoing treatment, stereopsis on Titmus Stereo-
test). He achieved best success with very young
children who had a brief history of strabismus and
manifested divergence excess IXT. Hardesty re-
peatedly emphasized the necessity of binocular fu-
sion for achieving a long-term cure in IXT with
any form of treatment.

A retrospective study of 12 young children who
were prescribed neutralizing base-in Fresnel prism
after surgical undercorrection of IXT has been pre-
sented by Pratt-Johnson and Tillson.?® Subjects
were prescribed prism equal to their maximum an-
gle of deviation (near or far) which they wore more
than 50% of the waking hours for 12 to 30 months.
Based on measurements taken 1 month after prism
therapy was discontinued, 8 (67%) subjects met the
strict criteria for success: no tropia at any time, at
least 40 sec arc stereopsis on the Wirt test, and
presence of both positive and negative fusional
vergence ranges. There was no success with patients
who had a vertical component to their strabismus.

Overcompensating Prism

Prescription of overcompensating base-in prisms
when a surgical procedure to correct an IXT results
in an undercorrection (i.e., when an IXT remains
or recurs after surgery) has been reported. The
described rationale and treatment protocol involve
prescription of at least 10% of overcompensating
base-in prism to move the retinal image in the
deviating eye from the temporal to the nasal retina.
Theoretically this produces previously unexperi-
enced and troublesome diplopia which causes the
patient to make a “convergent motor adaptation.”?®
The adaptation consists of an increase in tonic
convergence in order to move the image further into
the periphery of the nasal retina where it causes
less subjective confusion and may be more easily
suppressed. When the convergent motor adaptation
is complete, prism power and wearing time are
gradually reduced and, ideally, the patient assumes
phoric status due to the increase in tonic conver-
gence which neutralizes the IXT.?" 2 In a later



TasLE 3. Prism therapy.®

Authors, Year,
Sample Size,
Type of Study

Treatment; Duration

Success Criteria.
Success Rate.
Failure Rate

Critique

Knapp, 1975%

N =5 IXT, N = 42 post-
surgical XT

Retrospective

Moore and Stockbridge,
1975%

N =44

Retrospective

Hardesty, 1969%, 1972%
N=7
Retrospective

Veronneau-Troutman,
1971%°

N =22

Retrospective

Shippman et al., 1988%
N=13
Prospective

Hardesty, 19902

N = 105 (all post-sur-
gical)

Retrospective

Pratt-Johnson and
Tillson; 1979%

N=12

Retrospective

Overcompensating prism;
6 months, some up to
3yr

Overcompensating or full
neutralizing prism,
some orthoptics; 1-24
months, average = 7
months

Overcompensating prism,
some orthoptics; 1-6
months

Overcompensating prism;
less than 1 yr

Overcompensating prism
based upon PAT; 4-60
days

Neutralizing prism; 3
months to 15 yr, aver-
age = 14 months

Neutralizing prism; 12-30
months

Unspecified criteria, suc-
cess with IXT = 0%,
success with XT =
14%.

Not specified

Constant fusion at all dis-
tances, phoria <12 XO.

11%

Not specified

Constant fusion.
20-25% estimate.
Not specified

Unspecified “good result.
23%
Not specified

Improved fusion.
31%
Not specified

No tropia, no ongoing
therapy, stereopsis.

32%

Not specified

No tropia at any distance,
40 sec arc stereopsis.

67%

Not specified

No control group

Poorly defined success criteria
Small sample (<50)

Poorly defined subjects

No statistical analysis
Postsurgical subjects included
No control group

Poorly defined subjects

No statistical analysis

Mostly postsurgical subjects
Small sample (<50)

No control group

Small sample (<50)

No statistical analysis
Postsurgical subjects included
Multiple Tx modalities

No control group

Poorly defined success criteria
Small sample (<50)

Poorly defined treatment
Poorly defined subjects

No statistical analysis
Postsurgical subjects included
No control group

Poorly defined success criteria
Small sample (<50)

Poorly defined subjects

No statistical analysis

No control group

No statistical analysis
Postsurgical subjects

Poorly defined subjects

No control group

Small sample (<50)

No statistical analysis
Postsurgical subjects included
Poorly defined subjects

# Abbreviations: XT, exotropia; IXT, intermittent exotropia; XO, exophoria.

paper, Hardesty et a

retreated from advocacy of

They attained a cure (constant fusion at all dis-

overcompensating prism and said that, due to low
rates of success, they had abandoned its use in favor
of neutralizing prism.

Knapp?® followed Hardesty’s guidelines in treat-
ing 5 unoperated IXT's and 42 postsurgical under-
corrected X'T’s. He prescribed prism that overcom-
pensated the exodeviation by 10 to 15 for full-time
wear for a period of 6 months. None of the nonsur-
gical IXT’s and 14% of the postsurgical X T patients
converted from tropic to phoric status as a result
of treatment. Little information was provided re-
garding patient characteristics or whether orthoptic
therapy was administered during the period of
prism therapy. Knapp cited the patients’ refusal to
wear the prism glasses as a major obstacle in
treatment.

Moore and Stockbridge?® used overcompensating
prisms in treatment of 5 nonsurgical and 39 post-
surgical IXT’s. Orthoptic therapy was included
“when appropriate.” There was no success if ther-
apy commenced more than 1 year after surgery.

tances, phoria less than 12* exo) rate of 11% after
discontinuing prism therapy and concluded that
prism therapy by itself was of no value. They sug-
gested that it might have limited usefulness in
conjunction with surgical treatment.

Hardesty, who has been a leading proponent of
the use of prism therapy, estimated an overall cure
{(no tropia and no exophoria greater than 12*) rate
of 20 to 25% among postsurgical undercorrected
IXT patients he had treated using overcompensat-
ing prism.? His published studies®" % of six suc-
cessful cases showed that among those patients
cured by this treatment, a convergent motor adap-
tation occurred (the patient’s exodeviation lessened
while wearing the overcompensating base-in prism)
and the patient became phoric. This effect is con-
founded, however, by his emphasis upon the impor-
tance of orthoptic therapy being administered si-
multaneously with the prism therapy.

Veronneau-Troutman,” in a paper discussing
prism therapy for all types of stabismus, reported
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on 22 selected IXT’s who had failed other treatment
modalities or who were considered too young for
other treatments. Subjects ranged in age from 8
months to 14 years and were prescribed prism that
overcompensated the exodeviation by 5 to 10%. Ap-
proximately 23% attained an undefined “good re-
sult,” and an additional 32% showed an undefined
“improvement” associated with the prism
treatment.

Shippman et al.®! reported on 13 presurgical
IXT’s for whom overcompensating prism was pre-
scribed as part of a preoperative diagnostic testing
sequence. Prism powers that exceeded the maxi-
mum measured angle of deviation by 5% were worn
full-time for 4 days to 2 months (average 1 to 2
weeks). The four subjects (31%) who were under 10
years of age showed improvement by demonstrating
a “fusion” response on the Worth Dot test where
there was initially (pretreatment) a suppression
response.

Prism Success Rate

The overall rate of treatment success with prism
therapy, pooled across the 8 studies specifically
reporting IXT treatment, is 28% (56 of 201). The
ease of treatment and generally lower cost (relative
to VT or surgery) serve as the arguments in favor
of prism therapy. A problem mentioned by several
of the cited authors is difficulty in maintaining
compliance with the prism treatment regimen, es-
pecially if the patient did not wear spectacles prior
to the start of treatment. Cosmesis while wearing
the prisms is a concern and cost may be a factor
when frequent changes in prism power are required.
Concerns about the weight of the prism spectacles
have been mostly overcome with the advent of
Fresnel prism, but even these thin membrane
prisms are unacceptable to some patients due to
poor cosmesis and/or reduced visual acuity.

Potential adverse effects associated with pro-
longed wear of prisms such as prism adaptation,
where the angle of strabismus actually increases,
remain largely unexplored in the clinical literature®?
regarding IXT. Hardesty® reported that this “exo-
tropia drift” occurred only rarely among his pa-
tients who were treated with prism therapy.

The use of neutralizing vs. overcompensating
prism appears to be a source of some debate. Pratt-
Johnson and Tillson® and Hardesty** both used
neutralizing prism, and both achieved better results
than any of the investigators who used overcom-
pensating prism. These two studies used criteria for
cure that were rigorous relative to the other studies.
Until further studies comparing the efficacy of neu-
tralizing and overcompensating prism (and the use-
fulness of demand-reducing prism in IXT) become
available, clinicians must use their own best judg-
ment in determining appropriate strategies in ap-
plying prism therapy in treatment of IXT.
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OCCLUSION THERAPY

For the individual with IXT to manifest the
strabismic phase of the disorder without experienc-
ing diplopia, either abnormal retinal correspond-
ence (ARC) or suppression must occur. The goal of
occlusion therapy (patching of one eye) is to limit
binocular stimulation and thereby eliminate the
need for ARC responses or suppression to avoid
diplopia. Treatment regimens vary from full-time
occlusion for all waking hours to part-time occlu-
sion for 1 to several hours each day. When the
suppression or ARC pattern has been changed,
patching is reduced or discontinued and, in theory,
fusional processes became active to restore
heterophoria.

Although used routinely in the treatment of am-
blyopia, occlusion therapy by itself is not widely
accepted as a complete treatment for IXT.* Be-
cause amblyopia rarely occurs in IXT, occlusion is
probably used less often in IXT than for patients
with esotropia. Temporary occlusion is sometimes
prescribed in conjunction with surgical treatment
of IXT to eliminate diplopia or treat an occasional
shallow concurrent amblyopia. Patching is also
used to disrupt suppression as part of an VT treat-
ment program. Despite the accepted notion that
occlusion is not a complete treatment for IXT,
recent survey results by Romano revealed that it is
the most commonly used conservative treatment
modality among members of the American Associ-
ation for Pediatric Ophthalmology and Stabismus'2
and among members of the International Stabis-
mus Association.*

Reynolds and Wackerhagen® reported on a mix
of 25 “neurologically normal and abnormal” IXT
patients who were under 26 months of age when
occlusion therapy commenced. Of the original sub-
jects, 16 successfully completed at least 3 months
of 4 h/day occlusion therapy. Four of the patients
initially showed improvement, and one (6%) was
judged to achieve “a persistent improvement in
angle character” associated with the treatment (see
Table 4).

Flynn et al.® used full-time adhesive occlusion
for 6 to 12 weeks in a group of 31 IXT patients
having an average age of 7.6 years. The angle of
exodeviation averaged about 20 in the distance
and 15* at near. Nine of the subjects had postsur-
gical IXT’s. Results were divided into “sensory
effects” (improved diplopia awareness, 50% in-
crease in fusional vergence ranges, disappearance
of suppression scotoma) and “motor effects” (im-
proved control of exodeviation). After completing
occlusion therapy, 68% of the subjects showed some
positive change in response to treatment (23%
showed both sensory and motor effects, 16%
showed a sensory effect only, and 29% showed a
motor effect only). All subjects demonstrating a
sensory effect also reported greater awareness of
diplopia, indicating that the occlusion therapy had
an effect in reducing suppression. A conversion
from IXT to exophoria occurred in 26% of the



TasLE 4. Occlusion therapy.

Authors, Year,
Sample Size,
Type of Study

Treatment; Duration

Success Criteria.
Success Rate.
Failure Rate

Critique

Reynolds and Wackerhagen,
19883

N=16

Retrospective

Flynn et al., 1976%
N = 31
Retrospective

Freeman and Isenberg, 1989
N=11
Prospective

Cooper and Leyman, 1977%
N =11
Retrospective

Chutter, 1977%
N = 46
Retrospective

lacobucci and Henderson, 1965%
N=17
Retrospective

Spoor and Hiles, 1979%
N = 38
Prospective

Part-time occlusion;
3 months mini-
mum

Constant occlusion;
6-12 weeks

Part-time occlusion;
6 months with
follow-up @ 3-
37 months (aver-
age = 22
months)

Occlusion {unspeci-
fied); unspecified
duration (esti-
mate 12-15
weeks)

Full-time and part-
time occlusion
with some or-
thoptics; 3-12
weeks

Constant occlusion;
3 months

Part-time occlusion;
3-42 months, 15
month average

Improvement in fusional
control.

6%

Not specified

No tropia at distance or
near.

26%

39%

Heterophoria.

100% success initially,
27% success long-
term.

Not specified

Exophoric at 60 m, 6
m, and 33 cm, and
stereopsis.

36%

Not specified

Became phoric at all
distances.

41%

2%

No post-tx tropia where
initially present.

Distance, 53%; Near,
70%.

Not specified

No post-tx tropia where
initially present.

Distance, 54%; Near,
50%.

11%

No control group

Small sample (<50)

Poorly defined success criteria
No statistical analysis

All subjects <26 months of age
Small sample (<50}

No statistical analysis
Postsurgical subjects included

No control group

Poorly defined success criteria
Small sample (<50)

No statistical analysis

All subjects < 6 yrs of age

Small sample (<50}
Poorly defined treatment
No statistical analysis

Small sample (<50)

No control group

Poorly defined success criteria
No statistical analysis

Multiple Tx modalities

Poorly defined success criteria
Small sample (<50)

Poorly defined subjects

Small sample (<50)

Poorly defined subjects

No control group

No statistical analysis
Postsurgical subjects included

Nearly all subjects < 6 years of age

subjects, whereas the size and frequency of the
deviation worsened in 39%.

Freeman and Isenberg® evaluated the efficacy of
4 to 6 h/day of occlusion therapy for 6 months in
treatment of IXT among children 9 months to 5
years of age. All (100%) of their 11 subjects “con-
verted to hetero- or orthophoria, at least temporar-
ily.” Three (27%) became and remained ortho-
phoric. On long-term follow-up, 27% developed a
constant exotropia which subsequently required
surgery and surgery was “contemplated” for 5 oth-
ers who remained with IXT. Little information was
provided concerning sensory status.

In Cooper and Leyman’s®® study comparing dif-
ferent treatment modalities for IXT, 11 subjects
were treated only with undefined occlusion therapy.
In this group, 4 subjects (36%) became completely
phoric with normal sensory function, 8 subjects
(27%) showed improved binocular function as a
result of treatment, and 4 subjects had a poor
response. These authors recommended occlusion
therapy as “useful in breaking down suppression.”

Chutter®” investigated the efficacy of occlusion
therapy for the purposes of reducing suppression,

improving visual acuity in the nonpreferred eye,
and improving fusion ranges in a sample of 46 IXT
patients, most of whom were between the ages of 4
and 10 years. Both full-time occlusion (all waking
hours) and part-time occlusion (3 to 8 h/day) were
used for 3 to 12 weeks. Based upon cover testing
and synoptophore fusion ranges, 76% of the sub-
jects “demonstrated stronger fusion” and 41% “be-
came exophoric.” Twelve of the subjects with con-
vergence insufficiency IXT underwent simultane-
ous convergence orthoptic treatment and, among
these, 100% “demonstrated stronger fusion” and
58% became exophoric. Best results were seen with
smaller exodeviations (10 to 25%), and results were
equivalent using full-time or part-time patching.
One subject developed constant diplopia.

Iacobucci and Henderson® investigated the effi-
cacy of constant occlusion for periods ranging up
to 3 months. They reported only data related to
motor status for their patients and, based upon
their success criterion, 53% of their 17 IXT subjects
“demonstrated stronger fusion” as evidenced by a
conversion from IXT to exophoria on cover/un-
cover testing at distance. The experimental subjects
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demonstrated an approximate 5% decrease in their
average exodeviation at both distance and near,
whereas the control subjects showed a 2 to 3* in-
crease during the same study period.

Spoor and Hiles® used the same success criterion
as Iacobucci and Henderson® in a prospective eval-
uation of occlusion therapy in a group of 38 infants
and young children (average age, 29 months). After
3 to 42 months of part-time adhesive occlusion of
the preferred eye, 54% of the patients who initially
had a 6 m manifest tropia displayed a latent devia-
tion at 6 m, and 50% of the patients who initially
had a 33 cm manifest tropia displayed a latent
deviation at 33 cm. Among the successful patients,
there was a decrease of 9 in the mean exodeviation
at 6 m, and a decrease of 2% in the mean exodevia-
tion at 33 cm. Four patients experienced conversion
of an initially latent exodeviation to a manifest
exodeviation associated with the occlusion treat-
ment. Better results were obtained with patients
who had initial exodeviations less than 20* and who
had good ability to fixate centrally.

Occlusion Success Rate

The overall rate of treatment success with occlu-
sion therapy, pooled across the 7 studies, is 37%
(63 of 170). The cited authors do not generally
recommend occlusion as the sole treatment for IXT
and there is some reported incidence of worsening
of IXT with occlusion therapy. However, it appears
that occlusion can be effective in reducing suppres-
sion for certain individuals, and it is used by some
practitioners as a means of postponing surgery.*

EXTRAOCULAR MUSCLE SURGERY

Many clinicians who treat strabismus regard sur-
gery as the treatment of choice for IXT.*® 4! The
most common procedure involves bilateral reces-
sion of the lateral rectus muscles. Other procedures
include unilateral recession of the lateral rectus
with resection of the medial rectus, unilateral reces-
sion of the lateral rectus, bilateral resection of the
medial recti and, in some cases, simultaneous sur-
gery on four or more of the extraocular muscles.
Relocation of the insertion point(s) changes the
balance of rotational forces exerted by the extra-
ocular muscles in an attempt to achieve a more
normal motor alignment of the eyes, and is intended
to decrease the magnitude and frequency of the
strabismus. Debate continues about the appro-
priateness of surgical treatment for converg-
ence insufficiency IXT and for other types of
IXT when there is less than 20% of distance
exodeviation,® 41-4

Many of the surgery studies reviewed here were
designed to answer questions other than the effi-
cacy of the treatment per se. The earliest studies
were concerned with determining the best type and
amount of surgery to perform and whether different
diagnostic subcategories of IXT required different
surgical techniques. Some studies compared success
rates between intermittent and constant exotropia;
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others attempted to isolate additional factors which
might influence surgical outcome such as refractive
condition, AC/A ratio, age, size of the exodeviation,
presence of amblyopia, and use of pre- or postsur-
gical orthoptics. Efficacy of surgery alone was dif-
ficult to ascertain in some studies as surgical man-
agement was often combined with other forms of
therapy including overminus lens prescriptions, oc-
clusion, and VT. Research to improve surgical pro-
tocol and increase success in surgical treatment of
IXT is ongoing.*®*7

Reported success rates over the last 35 years vary
from 12 to 89%, probably because of variation in
treatment protocols, differences in sensory and mo-
tor characteristics of subjects, and differences in
definition of what constitutes success. Some inves-
tigators define postsurgical success only in terms of
motor deviation, “angle of deviation of the eyes
within 104 of ortho” (e.g., Raab and Parks*®); others
do not consider surgery successful unless sensory
fusion with stereopsis and convergence capability
is present at all distances and at all times (e.g.,
Cooper and Leyman®®). An inverse relation between
rigor of success criteria and the percentage of suc-
cess with surgical treatment is apparent in the
summary of research studies in Tables 5 and 6
Although it is hazardous to compare rates of success
across surgery studies due to the factors mentioned
above, the information in Tables 5 and 6 organized
by success rate indicates that studies from recent
years tend to show higher rates of surgical success
after one operation.

Surgical Studies Using Cosmetic Success
Criteria

Studies which used a cosmetic appearance crite-
rion tend to report higher success rates than those
considering sensory status. In the studies reviewed,
the poorest success rate using a cosmetic alignment
criterion was 46% by Windsor,* but his criterion
was somewhat more stringent in that he did not
consider a case to be a surgical success if the patient
showed a postsurgical tropia (cover test) under the
same conditions where a presurgical tropia existed.
Better success was reported by Capo et al.,*® who
compared efficacy of hang-back bilateral recession
to conventional bilateral recession. They used a
cosmetic alignment success criterion (postsurgical
deviation within =82 of ortho) and reported a suc-
cess rate of 77% among 47 subjects, some of whom
originally had constant XT. Schlossman et al.*®
used an “alleviation of symptoms” criterion that
yielded a 93% success rate among 44 patients, but
their data revealed a lower success rate (68%) based
upon a criterion of “no tropia near or far.” Follow-
up periods for determination of success varied be-
tween studies from 6 weeks to greater than 7 years
(Table 5).



TaBLE 5. Surgery studies using cosmetic success criteria.®

Authors, Year,

Success Criteria.

Sample Size, Treatment; Follow-Up Period Success Rate. Critique
Type of Study Failure Rate
Windsor, 19714 Surgery-mixed, most No tropia on cover test No control group
N =37 recession/resection, where tropic Poorly defined success criteria
Retrospective some orthoptics; 4 before Tx. Small sample (<50)
months-5 yr follow-up 46% Poorly defined subjects

Rabb and Parks, 1975
N =93
Retrospective

Surgery-unspecified; 5-yr
average

Richard and Parks, 1983% Surgery-bilateral recession;

N=111 2-yr minimum, average
Retrospective =4yr

Scott et al., 19818 Surgery-mixed; 6 weeks,
N = 65 some follow-up to 2 yr
Retrospective

Capo et al., 1989%°
N = 47 (includes XT's)
Prospective and Retrospective

Surgery-bilateral recession
and hangback recession;
success rates @ 6
weeks, 16 months aver-
age follow-up

Surgery, 89% recession/
resection; 4-90 month
follow-up

Schlossman et al., 1983%
N =44
Retrospective

Hamtil and Place, 1978%
N=9
Retrospective

Surgery-bilateral recession;
2-12 months

Not specified
Deviation within =104
55%

Not specified

IXT <10* @ 20 ft.

Success = 56%

Failure = 44%

Exodeviation within +94

(66% includes success
with constant XT's).

Not specified

Deviation within =84
77%
Not specified

1. Alleviation of symp-
toms.

2. No tropia @ near or
far

1.93% 2. 68%

7%

Deviation within +10°

100%

No statistical analysis

No control group

Poorly defined success criteria
Poorly defined subjects

No statistical analysis

No control group

Poorly defined subjects

No control group

Poorly defined success criteria
Poorly defined treatment
Poorly defined subjects

No statistical analysis

No control group

Poorly defined success criteria
Small sample (<50)

Poorly defined subjects
Constant XT’s included

No control group

Poorly defined success criteria
Small sample (<50)

No statistical analysis

No control group
Small sample (<50)

0% Poorly defined subjects
No statistical analysis

# XT = exotropia; IXT = intermittent exotropia.

Surgical Studies Using Functional Success
Criteria

Investigators who have used relatively rigorous
functional criteria for success such as Cooper and
Leyman® or Paakkala** report success rates of
approximately 40% after 1 surgical procedure.
The success criteria used in these studies involve
demonstration of phoria at all (or several) dis-
tances and, in many studies, demonstration of
stereopsis.?” 3 4% 51-58 Ron and Merin®® used func-
tional success criteria (no tropia for distance or
near, and stereopsis at 40 cm) and attained a suc-
cess rate of at least 75% among 24 patients with
divergence excess IXT, although stereopsis was not
measured at the distance where the divergence ex-
cess IXT tends to manifest. They attributed their
high rate of success to use of the prism adaptation
test to determine how much surgery should be done.

Strabismus surgery carries with it all the risks of
any invasive procedure involving general anesthesia
and is, therefore, rejected by many potential sur-
gical patients who might otherwise benefit. IXT
has long been recognized as a difficult and frus-
trating treatment problem because of its high
recurrence rate after surgery.’ ** Repeated surg-
eries are common, with about 45 to 50% of IXT

patients requiring more than 1 operation in some
studies.*® 5 % Qver- and undercorrections fre-
quently occur,*™ % 57 5o these patients are often
treated postsurgically with prism therapy, overmi-
nus lens therapy, or VT. Postsurgical persistent
diplopia has been documented,*” and is probably a
greater risk among adults. IXT patients who are
nonconcomitant or who have associated vertical
deviations are a particular surgical challenge; re-
sults with these cases are so unpredictable that they
are routinely excluded from published studies which
report rates of treatment success. Debate continues
as to the best treatment approaches when incom-
itance is present.58-5°

Surgery Success Rate

Compilation, by pooling the results of the 28
surgery studies reviewed (see Tables 5 and 6), in-
dicates that the overall success rate of surgery for
treatment of IXT is 46% (1171 of 2530). The suc-
cess rate in 7 studies which use a cosmetic align-
ment criterion is 61% (248 of 406), whereas the 20
cited studies which use some form of functional
success criterion have a pooled success rate of 43%
(923 of 2124). It is clear that the surgical success
rate in IXT has improved over the years. If we
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TasLE 6. Surgery studies using functional success criteria.?

Authors, Year,
Sample Size,
Type of Study

Treatment; Follow-Up Period

Success Criteria.
Success Rate.
Failure Rate

Critique

Dunlap and Gaffney,
19634

N =100

Retrospective

Folk, 19568¢
N = 50
Retrospective

Moore, 1963%2
N =106
Retrospective

Mulberger and Mc-
Donald, 1954%

N =25

Retrospective

Moore, 1963%2

N = 57

Retrospective

Johnson, 1958%
N =52
Retrospective

Paakkala, 1982
N = 422
Retrospective

Pratt-Johnson et al.,
1977%

N =100

Prospective

Velez, 1976%°
N =106
Retrospective

Cooper and Leyman,
1977%

N =264

Retrospective

Clarke and Noel, 1981%°
N=78
Retrospective

Altizer, 1972%
N=16
Retrospective

Newman and Mazow,
19814

N =30

Retrospective

Surgery-mixed; 12-month
minimum

Surgery-mixed; 2-yr aver-
age

Surgery-mixed, mostly
bilateral recession;
antisuppression training,

occlusion
10 months to 10 yr
Surgery-bilateral reces-
sion;
Not specified

Surgery-mixed; mostly
bilateral recession
10 months to 10 yr

Surgery-mixed; Not
specified

Surgery-mixed; 2-36
months

Surgery-95% bilateral
recession; 12-month
minimum

Unspecified surgery, anti-
suppression treatment,
orthoptics, prism, over-
minus; 1-6 yr

Surgery-unspecified and
some occlusion
12-month minimum

Surgery-recession/resec-
tion; 21-month average

Not specified; approxi-
mately 12 months

Surgery-bilateral reces-
sion, recession/resec-
tion; mean =2 yr

Phoric @ 60 m, 6 m, and 0.33
m, vergence ranges at far &
near.

12%

18% multiple surgery, 43% un-
der or overcorrected

Fusion in amblyoscope, diplopia
awareness.

28%

Not specified

Exophoric @ far distance, dis-
tance, and near, motor fusion
ranges with no suppression.

30%

27%

“Eyes straight and fusion is
present”.

32%

8%

Exophoric @ far distance, dis-
tance, and near, motor fusion
ranges with no suppression.

33%

16%

Constant fusion, no tropia on
cover test.

35%

8%

1. Deviation within + 94
2. Improved stereopsis.
1.55% 2. 39%

53% multiple surgeries

No tropia at any distance, 40
sec arc stereopsis at near, no
suppression.

41%

19% (Tr > 104)

Phoria near and far (—10 to +8%)

41%

32%

Phoric @ 60 m, 6 m, and 0.33
m, stereopsis, convergence
ranges @ 6 m and 0.33 m.

Success = 42%

Failure = 17%

8 eso to 8 exo all distances, no
tropia, stereopsis.

42%

50% undercorrected

Phoric with fusional conver-
gence ability.

44%

Not specified

Exophoric @ distance and near.

47%

33%

No control group
No statistical analysis

No control group

Poorly defined success criteria
Poorly defined subjects

No statistical analysis
Subjects not rigidly defined
Limited statistical analysis
Multiple Tx modalities

No control group

Poorly defined success criteria
Small sample (<50)

Poorly defined subjects
Subjects not rigidly defined
Limited statistical analysis

No control group

Poorly defined success criteria

Poorly defined subjects

No statistical analysis

Postsurgical subjects included

No control group

No statistical analysis

Postsurgical subjects included

Multiple surgeries counted as
success

No control group

Poorly defined treatment

No statistical analysis

Postsurgical subjects included

No control group

Poorly defined treatment

No statistical analysis

Poorly defined subjects
Multiple Tx modalities

Poorly defined success criteria
Poorly defined subjects

No statistical analysis

Multiple Tx modalities

No control group

No statistical analysis
Postsurgical subjects included
Poorly defined subjects

Small sample (<50)

Poorly defined treatment
Poorly defined subjects

No statistical analysis

Poorly defined success criteria
Small sample (<50)

Poorly defined treatment

No statistical analysis
Postsurgical subjects included
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TaBLE 6. —Continued

Authors, Year,
Sample Size,
Type of Study

Treatment; Follow-Up Period

Success Criteria.
Success Rate.
Failure Rate

Critique

Bedrossian, 1962°%
N =35
Retrospective

Zibrandtsen et al., 19868
N =25
Retrospective

Cooper and Leyman,
1977%

N =216

Retrospective

Burian and Spivey,
19659

N=98

Retrospective

Hardesty et al., 1978%

N =100

Unspecified

Reynolds and Wacker-
hagen, 1988%

N=19

Retrospective

Fletcher and Silverman,
19665

N=76

Retrospective

McNeer, 1987
N = 58
Prospective

Kushner, 198858
N =67
Prospective

Ron and Merin, 19884
N =24
Prospective

Surgery recession/resec-
tion; 1-7 yr

Surgery-mixed, some or-
thoptics; 10-yr mini-
mum

Surgery and orthoptics;
12-month minimum

Surgery-mixed, some or-
thoptics; 31-month av-
erage

Surgery-bilateral reces-
sion, prism, orthoptics;
6.1-yr average

Surgery-bilateral reces-
sion; Follow-up un-
specified

Surgery-mixed; not spec-
ified

Surgery-bilateral reces-
sion, postsurgical over-
minus, prism and or-
thoptics; 2-yr minimum

Surgery-bilateral reces-
sion; 1 yr minimum

Surgery-bilateral reces-
sion based upon prism
adaptation test.

6 months-7 yr

Normal fusion @ far and near,
residual deviation <10°.

49%

51% multiple surgeries

Asymptomatic exophoric at far
and near distance.

Success = 52%

Failure = 16%

Phoric @ 60 m, 6 m, and 0.33
m, stereopsis, convergence
ranges @ 6 m and 33 cm.

52%

10%

Phoric at far and near.

55%.

45% continued tropia, 13%
multiple surgeries.

No tropia at distance or near,
stereopsis.

57% w/1 surgery

21% multiple surgeries

Ortho or esophoric.

58%

Not specified

Fusional amplitudes @ near and
far, no suppression, no XT
except when ill or tired.

59%

Not specified

No tropia with cover test at
distance or near.

62%

38% XT or ET

Phoria within +5 to —10° at
distance and near.

64%

Not specified

No tropia, no A/V pattern,
stereopsis.

Approximately 75%

13%

No control group
Small sample (<50)
No statistical analysis

No control group

Small sample (<50)

Poorly defined subjects
Multiple Tx modalities
Postsurgical subjects included
Poorly defined subjects

No statistical analysis

Multiple Tx modalities

No control group

Poorly defined success criteria
Limited statistical analysis
Multiple Tx modalities

No control group

Multiple Tx modalities

No control group

Small sample (<50)

Poorly defined success criteria
No statistical analysis

No control group

Poorly defined success criteria
Poorly defined subjects

No statistical analysis

No control group

Poorly defined success criteria
Poorly defined subjects

No statistical analysis

Multiple Tx modalities

No control group

Poorly defined subjects

No statistical analysis

No control group
Small sample {(<50)
No statistical analysis

@ Abbreviations: XP = exophoria; XT = exotropia; ET = esotropia; Tr = tropia.

remove from the pooled data the 6 studies included
in the review which are more than 25 years old, the
resulting pooled success rate becomes 52% (1015 of
1939).

Surgical studies also report worsening in some
patients. For example, progression of IX'T in terms
of increased angle of deviation has been reported
during 5- and 10-year follow-up periods after sur-
gery.® ® McClintic and McNeer® reported a per-
sistent exotropic drift rate of 0.21* per month when
they followed a group of postsurgical exotropic pa-
tients over a 5-year period. Also, based on the
reports of surgical failures in the papers reviewed,
surgery does not improve (or worsen) IXT in 32%

of patients (662 of 2060; data pooled across studies
that reported failure rates).

ORTHOPTIC VISION THERAPY

Treatment procedures for IXT include various
feedback techniques to facilitate increased vergence
control and enhanced sensory fusion. Reports
showing the utility of these procedures have existed
for over 40 years.®” These techniques have been
called orthopics, vision therapy, or vision training
by different clinicians and investigators, and here
will be collectively termed orthoptic vision therapy
(VT). Efficacy of VT for IXT, as reported in a
review by Duckman,®® ranges from 43 to 100%, with
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TaBLE 7. Orthoptic VT.

Authors, Year,

Success Criteria.

Sample Size, Treatment; Duration Success Rate. Critique

Type of Study Failure Rate
Moore, 1963% Anti-suppression training, XP @ far distance, dis- Small sample size (<50)
N =17 occlusion; 2 months tance, and near, motor ~ Treatment not rigidly defined
Retrospective fusion ranges w/no Subjects not rigidly defined

Newman and Mazow, 19814
N =30
Retrospective

Daum, 19847
N = 13 (DE)
Retrospective

Daum, 19847°
N = 22 (Cl)
Retrospective

Ludlam and Kleinman, 19657
N =58
Retrospective

Pantano, 19827
N = 207
Retrospective

Daum, 19847
N = 24 (BXO)
Retrospective

Cooper and Leyman, 1977%
N =182
Retrospective

Altizer, 1972%
N=13
Retrospective

Pickwell, 1979°'
N =14
Retrospective

Goldrich, 198276
N=7
Retrospective

Vision therapy, overminus
lenses, and occlusion; ap-
proximately 12 months

VT, some prism; 1-16
weeks, mean = 5.5

VT, some prism; 1-34
weeks, mean = 4.3

VT, 6-29 weeks

VT-home-based, some over-
minus; 1 month, followup
to2yr

VT, some prism; 1-56
weeks, mean = 7.6 weeks

VI; 12-15 weeks average

VT, constant occlusion, and
prism; approximately 12
months

VT; Not specified

VT; 8-17 weeks

suppression.
0%
82%
XP @ distance and near.
40%
33%

Sheard’s criterion @ far
and near, no symp-
toms, normal accom-
modative amplitude,
no sensory adapta-
tions.

33%

6%

Sheard’s criterion @ far
and near, no symp-
toms.

41%

3%

Phoric at all distances,
stereopsis, normal fu-
sion ranges.

52%

Not specified

No symptoms, normal
fusional ranges, NPC
wfin 8 cm.

53%

5%

Sheard’s criterion @ far
and near, no symp-
toms, normal accom-
modative amplitude,
no sensory adapta-
tions.

56%

4%

Phoric @ 60 m, 6 m,
and 0.33 m, stereop-
sis, convergence
ranges (@ 6 m and 33
cm.

59%

6%

Phoric with fusional con-
vergence ability.

69%

Not specified

Phoric at distance and
near, no diplopia.

71%

14% (discontinued Tx)

Exophoric on distance
and near cover test,
XT < 10% of time.

1%

Not specified

Limited statistical analysis

Small sample size (<50)
Treatment not rigidly defined
Success not rigidly defined
No statistical analysis
Postsurgical patients inciuded
Multiple Tx modalities

No control group

Small sample size (<50)
Subjects not rigidly defined
Mixed diagnostic conditions
Success not rigidly defined
Multiple Tx modalities

No control group

Small sample size (<50)
Subjects not rigidly defined
Mixed diagnostic conditions
Success not rigidly defined
Muitiple Tx modalities

No control group

No statistical analysis
Subjects not rigidly defined

No control group

Mixed diagnostic conditions
Mixed Tx modalities

No statistical analysis

No control group

Small sample size (<50)
Subjects not rigidly defined
Mixed diagnostic conditions
Success not rigidly defined
Multiple Tx modalities

No statistical analysis

Small sample size (<50)
Subjects not rigidly defined
No statistical analysis
Multiple Tx modalities

No contro! group

Small sample size (<50)
Subjects not rigidly defined
No statistical analysis

No control group

Small sample size (<50)
No statistical analysis
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TasLE 7. —Continued

Authors, Year,
Sample Size,
Type of Study

Treatment; Duration

Success Criteria.
Success Rate.
Failure Rate

Critique

Kertesz and Kertesz,
198677

N =38

Retrospective

Sanfilippo and Clahane,
197078

N=23

Retrospective

Chryssanthou, 19747°
N=27
Retrospective

Goldrich, 1980%7
N =28
Retrospective

Etting, 1978%
N=15
Retrospective

VT; 6-16 weeks

VT, not specified

VT; 3-16 weeks

VT, 20 weeks average

VT, 20 weeks average

XP at 60 m, 6 m, and 0.33 m,
stereopsis, no symptoms.

76%

24%

XP at far distance, distance, and
near, fusion w/no suppres-
sion.

78%

0%

XP at far distance, distance, and
near, fusion w/no suppres-
sion.

78%

11%

XP on distance and near CT,
stereopsis, no Sx;

82%

4%

XP at all distances, stereopsis
present.

87%

Not specified

No control group
Poorly defined subjects
No statistical analysis
Small sample (<50)

No control group

Small sample (<50)
Poorly defined subjects
No statistical analysis

No control group

Small sample (<50)
Poorly defined treatment
No statistical analysis

No control group
Small sample size (<50)
No statistical analysis

No control group

Small sample (<50)
Poorly defined treatment
Poorly defined subjects

Hoffman et al., 1970
N =22

VT; not specified

0%

Phoric at all distances, stereop-
sis, normal fusional ranges.
Retrospective 95%

No statistical analysis
Postsurgical subjects included
No control group

Small sample (<50)

Poorly defined treatment
Poorly defined subjects

optometric studies generally reporting higher rates
of success than those reported in the medical liter-
ature. Once again, a major factor contributing to
differences in efficacy between studies, as is the
case in the literature related to other treatment
modalities, is the definition of a successful treat-
ment outcome. Because of the variability, the cited
authors’ stated outcome measures are listed when
possible in the review which follows and in Table
7.

A further reason that optometric studies might
have higher rates of success is a difference in the
structure of the treatment programs. Flax and
Duckman® have suggested that optometric and
medical VT approaches differ in several ways, in-
cluding: optometric VT frequently involves more
“active” treatment (involving patient participation)
vs. “passive” treatment (such as added lenses and/
or occlusion), increased frequency of in-office treat-
ment sessions, and more diverse treatment proce-
dures. Descriptions of the actual techniques and
procedures used in VT are found throughout the
literature. Representative examples may be found
in Ludlam,® Altizer,% Goldrich,*” Goldstein,*® and
Hess and Stegall.®

Daum applied a statistical approach in an at-
tempt to identify prognostic factors and induced
changes in visual function associated with VT in
exodeviations. Kach of his three retrospective
papers’®~"? addresses one particular type of exodev-
iation; all three types are considered together in a
later paper.”™ In his papers, Daum does not consist-

ently separate patients with latent, intermittent, or
constant deviations, and his findings for treatment
success represent a composite rate independent of
initial frequency of deviation. In all the studies, the
therapy procedures were similar, well documented,
and nearly all home-based. Office sessions were
scheduled every 1 to 2 weeks for review of the home
activities. The criteria for total success were attain-
ment of Sheard’s criterion at near and far (magni-
tude of exodeviation is less than half the reserve
fusional convergence range), freedom from subjec-
tive complaints, absence of any sensory adaptation,
and establishment of normal amplitude of accom-
modation. Partial success was attained if either the
objective or subjective deficiencies were alleviated,
but not both, or some relief was obtained in either
or both categories.

Daum’s study of convergence insufficiency’ in-
cluded 22 IX'T’s among 110 reported cases. Subjects
averaged 20 years of age (range 2 to 46 years).
Duration of therapy averaged 4.3 weeks (range 1 to
34 weeks). For the entire convergence insufficiency
sample (20% were IXT’s), Daum reported total
success in 41% and partial success in 56%. He found
that older subjects required a shorter therapy period
and that significant post-therapy positive changes
occurred in the following areas: decreased near an-
gle of deviation, increases stimulus AC/A ratio,
increased blur and recovery divergence ranges, in-
creased convergence ranges at near and far, in-
creased NPC, and amplitude of accommodation. He
found no significant change in the distance phoria.
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Daum’s study of basic exodeviations™ reported
24 cases of IXT among 49 patients. Twelve of those
with IXT also had vertical deviations. Subjects
averaged 20 years of age (range 4 to 56 years).
Duration of therapy averaged 7.6 weeks (range 1 to
56 weeks). For the entire basic exo sample (49%
were IX'T’s), Daum reported total success in 56%
and partial success in 40%. Better results were
obtained with subjects who initially had good ster-
eopsis, better NPC values, and less frequent devia-
tions. Subjects who initially experienced blur as a
symptom also had better outcomes.

Daum’s study of divergence excess cases™ re-
ported 13 IXT’s among 18 patients. Subjects aver-
aged 14 years of age (range 4 to 34 years). Duration
of therapy averaged 5.5 weeks (range 1 to 16 weeks).
For the entire divergence excess sample (72% were
IXT’s), Daum reported total success in 33% and
partial success in 61%. Better results were obtained
by those subjects who initially had smaller distance
deviations, lower AC/A ratios, and no vertical
deviation.

Ludlam’s® study was the first major optometric
investigation of the efficacy of VT in the treatment
of all types of strabismus. Included in his retro-
spective analysis of 149 patients were 58 IXT’s,
most of whom were under 15 years of age. The
patients had no prior surgery, could not be cured
via refractive lens prescription alone, were concom-
itant, had completed at least 8 sessions of orthoptic
therapy, and had angles of deviation up to 60* with
most less than 30*. Therapy sessions were con-
ducted in groups (usually 2 or 3 patients with 1
clinician) twice weekly for 45 min and were admin-
istered by different clinicians in a university clinic.
Duration of therapy ranged from 10 to 76 in-office
sessions (mean=23) which were supported by daily
home training. Therapy activities were well detailed
and included various forms of occlusion, ocular
motility training, overminus lens application, fu-
sion training, eye-hand coordination, and accom-
modative-convergence training. Ludlam slightly
modified the Flom criteria’ by adding the require-
ment that normal binocular function be present in
all positions of gaze for a case to be considered a
complete success. Flom’s original criteria for com-
plete success included: clear, comfortable binocular
vision at all distances up to the NPC, normal NPC,
stereopsis and normal motor fusion ranges, a 1%
frequency of tropia is allowed provided that diplopia
is noticed at these times, and up to 5% prism may
be worn in spectacles. The criteria for partial suc-
cess were: may lack stereopsis, may exhibit strabis-
mus with diplopia awareness up to 5% of the time,
and may need larger amounts of prism to maintain
comfortable binocular vision. Based upon these cri-
teria, Ludlam’s study revealed complete success in
52% of subjects and partial success in 40% (total
success rate = 92%). He found greater success with
subjects who attended their therapy sessions regu-
larly, and poorer success in subjects with early onset
strabismus, ARC, and angles of deviation greater
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than 302, In a 3-year follow-up of 32 of the origi-
nally successful subjects, Ludlam and Kleinman™
found that 63% remained in the complete success
category.

Treatment of convergence insufficiency exodev-
iations was considered by Pantano.” She adminis-
tered 1 month of 20-min-per-day home VT to 207
adults (mean age 26 years) who could demonstrate
normal bifoveal fusion. She did not differentiate
success rates for patients with latent exodeviations
from those with IXT, and reported that 53% of the
sample attained her success criteria of no symp-
toms, normal motor fusion ranges at near and far,
and NPC inside 8 cm. Among those who were
initially cured, 100% maintained their improved
status without further VT during a 2-year follow-
up period.

Goldrich® reported the results of VT for 28 di-
vergence excess [X'T’s between the ages of 5 and 35
years who were treated in a university clinic setting.
He excluded subjects who had prior surgery, ambly-
opia, vertical deviations greater than 4%, and angles
of horizontal deviation greater than 35% VT in-
cluded training for ocular motility, accommodation,
fusion, antisuppression, and stereoscopic skills.
Monocular abilities were trained before commenc-
ing binocular therapy. Therapy sessions were
scheduled weekly, lasted 45 min, and were sup-
ported by home therapy. Treatment duration varied
relative to the defined outcome category. Excellent
outcomes were defined as: phoric on distance and
near cover test, no asthenopia, normal Keystone
Skills tests, normal fusional ranges at distance and
near, stereopsis at all distances, and ability to attain
fusion through +2.00 lenses within 3 s. Good out-
comes were the same as excellent outcomes except
that one or more deviant Keystone Skills tests were
allowed. Fair outcomes were defined as: IXT ob-
served on distance cover test, no asthenopia, Key-
stone Skills tests show one or more deficiencies,
improved but below normal fusional ranges at dis-
tance and near, improved stereopsis at all distances,
and satisfactory monocular and binocular accom-
modative facility. The number of treatment ses-
sions in the excellent outcome category averaged
20.2 with a 71% success rate; in the good outcome
category, 28.3 with an 11% success rate; and in the
fair category, 40 with a 14% success rate (82% total
success rate in the excellent and good outcome
categories). He found better success with children
over 6 years of age.

In a subsequent prospective study, Goldrich’
studied the efficacy of auditory biofeedback in the
treatment of exotropia. He constructed an infrared
eye position monitoring system which emitted a
tone when the patient’s eyes moved toward the
exotropic position. Seven IXT patients were in-
cluded in his sample of 12 exotropes, and he at-
tained an identical success rate (71% in the excel-
lent category) with the IXT patients as he had in
his earlier study which used conventional VT pro-
cedures. Success criteria were similar to those in



the 1980 study.®” Subjects underwent 8 to 17 weekly
treatment sessions. Goldrich concluded that the
auditory biofeedback technique was effective and
suggested that it had advantages over conventional
VT because it improved patient motivation and
decreased treatment time.

Kertesz and Kertesz”” used computer-generated
anaglyphic wide-field conventional and random dot
stimuli presented at 1 m on a video monitor. Their
subjects (N=38) had 30-min treatment sessions
twice weekly for a total of 8 to 25 sessions. They
attained 76% success using the criteria of Cooper
and Leyman®®: heterophoria at all distances, ample
positive fusional ranges at both distance and near,
NPC inside 5 c¢m, 40 sec arc stereopsis on the
Titmus test, good recovery of fusion when lost
during cover testing, normal Worth 4-Dot test at 6
m, no asthenopia or other symptoms, and only
occasional tropia when fatigued. They were suc-
cessful with young children (4.5 years) and found
“plasticity of the fusional mechanism, even in
adults.”

Sanfilippo and Clahane™ reported a similar suc-
cess rate (78%) in a retrospective study which in-
cluded 23 patients with IXT. Follow-up examina-
tion at 54 to 78 months after completion of treat-
ment showed 78% had maintained their original
success. They concluded that incomitancy and ver-
tical deviations adversely affected the response to
treatment, but that the presence of these conditions
did not necessarily preclude successful treatment.

Chryssanthou™ studied 27 young patients with
IXT who underwent 3 to 16 weeks of primarily
home-based VT. She used stringent success criteria
which were very similar to those employed by
Cooper and Leyman®® and reported a 78% success
rate. The success rate was 50% in patients whose
exodeviation exceeded 30*. Follow-up examination
revealed that 86% of the initial successes main-
tained their improvement over 6 to 30 months.

Etting® reported retrospectively on the efficacy
of VT for strabismus. His study included 15 IXT’s
among an overall sample of 86 stabismic patients.
They were at least 6 years old (range 6 to 40 years),
demonstrated strabismus while wearing the best
spectacle prescription, were seeking treatment spe-
cifically for strabismus, and completed at least 24
in-office treatment sessions. Treatment sessions
were administered twice weekly for 30 min and
were supported by daily home treatment activities.
Subjects completed approximately 42 treatment
sessions. Specific treatment procedures were not
reported. He used the Flom criteria' as modified by
Ludlam® in categorizing success, and reported a
success rate of 87% for his IXT patients.

Hoffman et al.®! reported upon 22 IXT’s (in a
sample of 55 strabismus cases) selected in accord-
ance with Ludlam’s® criteria: the subjects had no
prior surgery, did not improve via refractive pre-
scription alone, were concomitant, had completed
at least eight sessions of VT, and did not have ARC.
All but one of the IXT subjects had exodeviations

less than 30*. The specific therapy activities, du-
ration, and frequency of sessions were not reported.
Complete success based upon Flom’s criteria was
attained by 95% of the IXT patients.

VT Success Rate

VT treatment for IXT, pooled across the 9 stud-
ies reviewed above and including subjects from the
4 direct comparison studies reviewed below, has an
overall calculated success rate of approximately
59% (433 of 740). This pooled success rate is better
than virtually all other treatment modalities re-
viewed and is essentially identical to the highest
other reported pooled success rate, 61% for surgical
treatment in studies which used cosmetic alignment
success criteria. The use of generally stringent func-
tional success criteria in the VT studies makes the
pooled success rate for this modality all the more
meaningful. A summary overview of the success
criteria used in each VT study is included in Table
7.

Advocates of VT cite certain advantages for this
treatment modality relative to other treatments for
IXT. Primary among these advantages is that VT
is viewed by its proponents as a more “complete”
treatment for IXT in that successful treatment not
only eliminates the strabismus, but frequently re-
sults in an overall improvement in the quality of
binocular vision and task-related visual function.
The treatment is noninvasive and relatively risk-
free. Critics point out that VT for treatment of IXT
is time-consuming (usually requiring daily training
periods for the duration of treatment), often re-
quires repeat visits to the treatment facility, and
requires commitment and motivation on the part
of the patient and, with young children, the pa-
tient’s family. Pooling data across studies which
report failure rates indicates that VT does not
improve IXT in 8% (53 of 655) of cases.

STUDIES DIRECTLY COMPARING IXT
TREATMENT MODALITIES

As has been emphasized throughout this review,
the comparison of results pooled between studies is
fraught with scientific risk because of the lack of
standardized definitions of treatment and success,
as well as possible biases. These objections can be
somewhat alleviated by considering the four retro-
spective studies that compare surgery and VT di-
rectly. Although these studies are discussed sepa-
rately in this section, their results are included in
the tables and pooled results presented in the sec-
tions relating to surgery and VT.

Moore®* reported the lowest success rate for VT
among the studies reviewed. She compared success
rates of 180 IXT children who were treated with
VT (N=17), surgery (N=57), or a combination of
surgery and pre- and/or postoperative VT (N=106).
The training approach involved 2 months of con-
stant occlusion. During the second month of occlu-
sion, patients practiced two diplopia awareness ac-
tivities at home and attended four in-office sessions
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devoted to antisuppression training. No training
designed to improve motor fusion ranges was con-
ducted. Good outcomes were defined as attainment
of phoric status at distance and near (including
through £3.00 D lenses), presence of ample positive
and negative fusional ranges at distance and near,
diplopia awareness when tropic, and minimal foveal
suppression. The success rates for each treatment
condition with a good outcome were: VT, 0%; sur-
gery, 33%; and surgery and VT, 30%. A fair outcome
was designated for subjects who had occasional
diplopia awareness, foveal suppression, and periph-
eral fusional amplitudes, and was attained by 18%
in the VT group, 51% in the surgical group, and
43% in the combination group. She concluded that
VT “does not appear to increase likelihood of a
cure.”

Newman and Mazow?*! retrospectively studied 60
IXT children who were equally divided into surgical
and VT treatment groups. Their sample was limited
to exodeviations in the range of 16 to 50%, and
included 8 subjects who had prior strabismus sur-
gery and 9 with vertical components (mean = 5%).
VT included alternate occlusion, convergence ex-
ercises, and overminus lens therapy. For those in
the VT group, 40% became phoric and 27% had a
decreased angle of 15° or more; in the surgery group,
47% became phoric and 20% had a decreased angle.
They found better results in both groups among
children over 4 years of age, and suggested that
central fusion was not essential for a cure. The
authors concluded with a recommendation that VT
should be the treatment of first choice in IXT for
exodeviations less than 30

The largest study including VT when comparing
success among different treatment modalities is the
retrospective study of Cooper and Leyman.?® They
reviewed results of 182 IXT’s who had undergone
VT, 264 who had surgery, and 216 who received
both. They excluded subjects with large vertical
deviations, significant A or V syndromes, aniso-
metropia greater than 1.50 D, prior surgeries, and
angles of deviation greater than 24%. VT consisted
of antisuppression and convergence training which
was administered in 4 to 5 sessions over approxi-
mately 14 weeks and was supported by home train-
ing. Functional outcomes were defined to include
heterophoria at all distances, ample positive fu-
sional ranges at both distance and near, NPC inside
5 c¢m, 40 sec arc stereopsis on the Titmus test, good
recovery of fusion when lost during cover testing,
normal Worth 4-Dot test at 6 m, no asthenopia or
other symptoms, and only occasional tropia when
fatigued. The group that received only VT attained
a success rate of 59%, whereas the group receiving
only surgery attained a success rate of 42%. An
intermediate result (52%) was achieved by the
group receiving both treatments.

Altizer®® used a well documented VT program,
base-in prism, and constant occlusion to treat 52
exotropic patients, 29 of whom had IXT. She com-
pared the treatment efficacy between orthoptic vi-
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sion therapy (N = 13) and surgery (N = 16). She
found functional cure rates of 69 and 44%, respec-
tively, for each treatment modality. The VT pro-
gram extended over a 1-year period and the author
emphasized the need for periodic “maintenance”
VT after the formal treatment period had ended.

Direct Comparison Success Rate

VT treatment for IXT, pooled across the direct
comparison studies, indicates an overall calculated
success rate of approximately 53% (128 of 242),
whereas surgical treatment using the same success
criteria had a calculated success rate of 41% (151
or 367). Again, the advantage of considering these
studies separately is that the success criteria used
for comparison of the cutcome within the studies
were the same for each treatment. Although the
comparison might be questioned because of possible
bias in assignment of patients to treatment groups,
a Mantel-Haenszel Chi Square statistic (which
combines the results from the four studies) indi-
cates that VT was more effective than surgery (p =
0.001).

SUMMARY

Management of IXT by means of extraocular
muscle surgery has been the most frequently re-
ported treatment modality (28 studies, 2530 pa-
tients), followed by VT (17 studies, 740 patients),
prism therapy (8 studies, 201 patients), occlusion
therapy (7 studies, 170 patients), and overminus
lens therapy (3 studies, 215 patients). The pooled
success rates of the treatment modalities reviewed
in this paper are: overminus lens therapy, 28%;
prism therapy, 28%; occlusion therapy, 37%; all
surgical studies, 46%, and VT, 59%. These pooled
relative efficacy rates are summarized in Fig. 1.

In the face of the data presented in the preceding
sections, one could wonder why many practitioners
do not treat IXT, or treat the condition using only
corrective lenses. The answer may lie in the prob-
lems that plague the entire IXT treatment litera-
ture: almost all studies have been retrospective,
lacked the controls necessary to determine whether
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Figure 1. Comparison of efficacy of treatment modalities
in intermittent exotropia.



the conclusions were valid, contained such small
sample sizes that interpretation of the results is
questionable, suffered from selection bias in the
way the patients were chosen for treatment, or
reported results in such a manner as to make inter-
pretation difficult.

We cannot overemphasize the scientific problems
with virtually all the studies cited. Any conclusions
must be made with the full appreciation of the
issues enumerated previously in this review. More
than simply another study is needed to determine
definitively the efficacy of different treatments for
IXT. In order to provide a sound basis for opinion
in the vision care community, we recommend that
a careful, circumscribed, and well controlled clinical
trial be undertaken.
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