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Abstract
Purpose—To provide a current perspective on the management of CI in children by
summarizing the findings and discussing the clinical implications from three recent randomized
clinical trials in which we evaluated various treatments for children with symptomatic CI. We then
present an evidence-based treatment approach for symptomatic CI based upon the results of these
trials. Finally, we discuss unanswered questions and suggest directions for future research in this
area.

Methods—We reviewed 3 multi-center randomized clinical trials comparing treatments for
symptomatic CI in children 9 to 17 years old (one study 9 to 18 years old). Two trials evaluated
active therapies for CI. These trials compared the effectiveness of office-based vergence/
accommodative therapy, office-based placebo therapy, and home-based therapy (pencil push-ups
alone [both trials], home-based computer vergence/accommodative therapy and pencil push-ups
[large-scale study]). One trial compared the effectiveness of base-in prism reading glasses to
placebo reading glasses. All studies included well-defined criteria for the diagnosis of CI, a
placebo group, and masked examiners. The primary outcome measure was the Convergence
Insufficiency Symptom Survey score. Secondary outcomes were near point of convergence and
positive fusional vergence at near.

Results—Office-based vergence/accommodative therapy was significantly more effective than
home-based or placebo therapies. Base-in prism reading glasses were no more effective than
placebo reading glasses for the treatment of symptomatic CI in children.

Conclusions—Recent clinical trials showed that office-based vision therapy was successful in
about 75% of patients (resulting in normal or significantly improved symptoms and signs) and was
the only treatment studied which was more effective than placebo treatments for children with
symptomatic CI. Eye care providers who do not currently offer this treatment may consider
referring these patients to a doctor who provides this treatment or consider expanding the
treatment options available within their practice to manage this condition.
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Convergence insufficiency (CI) is a common binocular vision disorder that affects
approximately 4% of the population1–3 and is often associated with symptoms such as
frequent loss of place, loss of concentration, having to re-read, reading slowly, trouble
remembering what was read, sleepiness, blurred vision, diplopia, headaches, and/or
eyestrain during reading or other near work.4–12 Clinical signs of CI include an
exodeviation that is greater at near than at distance, a receded near point of convergence
(NPC), and reduced positive fusional vergence at near (PFV).4,13–14

The overall objective of this paper is to provide a current perspective on the management of
CI in children. First, we summarize the findings and discuss the clinical implications from
three recent randomized clinical trials in which we evaluated various treatments for children
with symptomatic CI. Second, we propose an evidence-based treatment approach for
symptomatic CI based upon the results of these trials. Finally, we discuss unanswered
questions and suggest directions for future research in this area.

Treatment of Convergence Insufficiency: Previous Research
Historically, there has been a lack of consensus regarding the most effective treatment for
CI. Various therapeutic options are available9,15–24 including passive treatment with base-in
prism reading glasses, and active treatments such as office-based vergence/accommodative
vision therapy/orthoptics or home-based therapy with pencil push-ups alone or pencil push-
up therapy plus other vergence/accommodative procedures. The lack of agreement among
eye care providers may in part be due to a perception that there are considerable differences
in terms of cost and the ease of implementation of these treatments.

Recent studies surveying eye care providers suggest that home-based pencil push-up therapy
and base-in prism reading glasses are the most commonly prescribed treatments by both
optometrists and ophthalmologists, with 87% prescribing these two treatment modalities
fairly often, often or always for young patients with symptomatic CI.25–27 The clinical
popularity of these treatments, however, has been based mainly upon observations and
clinical impressions rather than evidence-based medicine. The one study that has evaluated
pencil push-ups24 and the few that have evaluated base-in prism treatment for children with
CI have suffered from significant design flaws.24,28–31

Because of the limited quality evidence to guide eye care providers in their clinical decision
making for school-age children with symptomatic CI, the CITT Investigator Group
systematically addressed this void by completing three multi-center, randomized clinical
trials with the goal of evaluating the effectiveness of the commonly prescribed treatments
for CI in children with symptomatic CI.

Recent Investigations of the Treatments of Convergence Insufficiency in
Children

All three CITT studies were randomized clinical trials; each included a placebo control
group and used masked examiners for the assessment of outcome measures. Symptomatic CI
was defined as: 1) an exodeviation at near at least 4 prism diopters (Δ) greater than at far, 2)
a receded NPC break (6 cm or greater), 3) insufficient PFV (i.e., failing Sheard’s criterion or
minimum PFV of ≤15Δ base-out blur or break), and 4) a symptomatic score on the
Convergence Insufficiency Symptom Survey (CISS). Major eligibility criteria for the studies
were essentially the same (Table 1).32–34

The primary outcome measure for all studies was the CISS, a 15-item questionnaire that
measures symptoms experienced when reading or doing other close work. The instrument
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has been shown to be a reliable and valid measure of symptoms in children with CI,12,35

with a symptom score ≥16 differentiating children with symptomatic CI from those with
normal binocular vision. (12) Secondary outcome measures were the NPC and PFV at near.

Outcome measures were assessed at baseline and again by a masked examiner at the
outcome examination? Table 2 summarizes the study design and results of the three CITT
trials and Figure 1 provides a graphical comparison of the results from the three studies.

CITT Pilot Study: A Randomized Clinical Trial of Treatments for
Convergence Insufficiency in ChildreN

This study was a multi-center clinical trial of 47 children aged 9–18 years with symptomatic
CI who were randomly assigned to receive a 12-week program of home-based pencil push-
ups, office-based VT/orthoptics, office-based placebo therapy. All methods have been
described previously in detail.32 In brief, the home-based pencil push-ups group were
prescribed 15 minutes of pencil push-ups for 5 days per week using small letters on a pencil
as the target and a physiological diplopia awareness control. The office-based VT/orthoptics
group received a weekly 60-minute in-office therapy visit with additional home therapy
procedures prescribed for 15 minutes a day, 5 days per week. Therapy consisted of a specific
sequence of standard vergence and accommodative procedures.22,32 Patients in the office-
based placebo therapy group also received therapy during a weekly 60-minute office visit
and were prescribed procedures to be performed at home for 15 minutes per day, 5 days per
week; however, their therapy procedures were designed to look like real vergence/
accommodative therapy procedures yet not stimulate vergence, accommodation, or fine
saccadic eye movement skills beyond normal daily visual activities.36

RESULTS
There were no significant differences at baseline between the groups. At the 12-week
outcome examination, the CISS score was significantly reduced in the VT/orthoptics group
(mean score decreased from 32.1 to 9.5), but not in the pencil push-ups (mean score
decreased from 29.3 to 25.9) or placebo VT/orthoptics (mean score decreased from 30.7 to
24.2) groups. Only patients in the VT/orthoptics group demonstrated both statistically and
clinically significant changes in NPC (decreased from 13.7cm to 4.5cm, p=0.0001) and PFV
(increased from 12.5Δ to 31.8Δ, p=0.0004).32

In this study, office-based VT/orthoptics was found to be more effective than home-based
pencil push-ups or office-based placebo therapy in reducing symptoms and improving signs
of CI. Moreover, it was the only treatment that resulted in normalization of CI-related
symptoms and signs. Interestingly, pencil push-up therapy was found to be no more
effective than the placebo therapy.

CITT Base-In Reading Glasses Study: A Randomized Clinical Trial of the
Effectiveness of Base-in Prism Reading Glasses vs. Placebo Reading
Glasses for Symptomatic Convergence Insufficiency in Children

In this clinical trial,33 72 children 9 to <18 years of age with symptomatic CI were randomly
assigned to wear either base-in prism glasses or placebo reading glasses for all reading and
near tasks requiring more than 5 minutes for 6 weeks. Eligibility criteria were similar to
those listed in Table 1. Patients in the base-in prism group received a refractive correction
for distance (if necessary) or plano-powered lenses when refractive error was minimal with
base-in prism prescribed according to Sheard (i.e., prism equal to 2/3 the phoria minus 1/3
the PFV)37 and prism rounded up to the nearest 0.5Δ. Patients assigned placebo reading
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glasses received glasses that corrected their refractive error (if necessary), or plano lenses
when no refractive correction was required. The primary outcome examination was
conducted after 6 weeks of glasses wear.

RESULTS
In the group receiving base-in prism, the mean prism prescription was 4.14Δ (SD=2.4, range
1Δ to 10Δ). The majority (79–90%) of children and parents in both groups reported
excellent (>75% of time) compliance with glasses wear. Reported wearing time was not
statistically different between the two groups for the children’s (p=0.18) or parents’ (p=0.24)
responses. The mean CISS score decreased (i.e., became less symptomatic) from 31.6
(±10.4) to 16.5 (±9.2) in the base-in prism group and from 28.4 (±8.8) to 17.5 (±12.3) in the
placebo reading glasses group. The changes in the CISS scores (p=0.33), NPC (p=0.91), and
PFV at near (p=0.59) were not significantly different between the two groups after 6 weeks
of glasses wear. Thus, base-in prism reading glasses were found to be no more effective than
placebo reading glasses for the treatment of symptomatic CI in children 9 to <18 years of
age.

CITT Large-Scale Study: A Randomized Clinical Trial of Treatments for
Convergence Insufficiency in Children

This study34 was a multi-center clinical trial of 221 children aged 9–17 years with
symptomatic CI who were randomly assigned to receive a 12-week program of home-based
pencil push-ups, home-based computer vergence/accommodative therapy and pencil push-
ups, office-based vergence/accommodative therapy with home reinforcement, and office-
based placebo therapy. The purpose of this large-scale, randomized clinical trial was to
further evaluate commonly used active treatments for CI.for improving symptoms and signs
associated with CI in children. The sample size was considerably larger than the first trial
and we included a second home-based therapy group that performed computerized therapy
and pencil push-up therapy to represent a more intensive, stepwise, home-based therapy
regimen rather than pencil push-ups alone. This was added in response to a suggestion that
some eye care providers recommend more intensive home-based therapy than pencil push-
ups alone38 and because this therapy is being prescribed increasingly by both
ophthalmologists and optometrists. We also followed the patients for 1 year after treatment
completion to determine the long-term effectiveness of treatments. All methods have been
described in detail in previous publications.32,33,39

Treatment Protocols
The treatment groups of home-based pencil push-ups, office-based vergence/accommodative
therapy with home reinforcement, and office-based placebo therapy were essentially the
same as those in the aforementioned clinical trial. Patients assigned to the home-based
computer vergence/accommodative therapy and pencil push-ups therapy group were
prescribed 25 minutes of therapy per day on the Home Therapy System (HTS/CVS)
(www.visiontherapysolutions.com) computer software and 5 minutes per day of pencil push-
ups for 5 days per week. The computerized therapy consisted of fusional vergence and
accommodative therapy procedures including accommodative rock, vergence base in,
vergence base out, auto-slide vergence, and jump ductions vergence programs using random
dot stereopsis targets.

Therapists contacted the patients in the home-based groups by phone on a weekly basis to
review the therapy procedures and to motivate the patients to adhere to treatment. In
addition, the children attended monthly in-office assessment visits where the therapists
answered questions, reviewed the home therapy procedures, and estimated adherence
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(compliance). Patients in all 4 groups were instructed to maintain a home therapy log and
record their performance for each home therapy session.

RESULTS
After 12 weeks of treatment, the office-based vergence/accommodative therapy group’s
CISS score (15.1) was significantly lower than the home-based pencil push-ups therapy,
home-based computer vergence/accommodative therapy and pencil push-ups, and office-
based placebo therapy groups’ scores of 21.3, 24.7, and 21.9, respectively (p < 0.001 for
each comparison). Although symptoms improved somewhat with the two home-based
therapies, these treatments were no more effective in improving symptoms than office-based
placebo therapy (p>0.38 for both comparisons). After treatment, 73% of patients assigned to
office-based vergence/accommodative therapy achieved a normal or improved (10 point or
more decrease) symptom score on the CISS, in contrast to 47% assigned to home-based
pencil push-ups, 39% assigned to home-based computer vergence/accommodative therapy
and pencil push-ups, and 43% assigned to office-based placebo therapy (p= 0.006, 0.0004
and 0.0014, respectively).

Many clinicians evaluate changes in NPC and PFV when judging the success of therapy for
CI. The office-based vergence/accommodative therapy group demonstrated a significantly
improved NPC and PFV compared with the other groups (p <= 0.005). While the mean NPC
of both home-based groups measured significantly closer than that of the office-based
placebo therapy group (pair-wise p-values all ≤ 0.013), there were no statistically significant
differences (P = 0.33) between the two home-based therapy groups. The mean PFV for
patients in the office-based vergence/accommodative therapy group was significantly greater
than all other groups (pair-wise p-values all < 0.001) with that in the home-based computer
vergence/accommodative therapy and pencil push-ups group being significantly better
(higher) than in the home-based pencil push-ups (p = 0.037) and office-based placebo
therapy groups (p = 0.008). The proportion of patients who achieved a clinically normal
level for both measures was 73% in the office-based vergence/accommodative therapy
group versus no more than 40% in each of the other three treatment groups (p<0.001 for
each comparison).

Finally, patients were classified as “successful” or “improved” using a composite outcome
classification. This composite outcome classification considered the change in all three
outcome measures from baseline to the outcome examination. A “successful” outcome was a
score of <16 on the CISS, a normal NPC (i.e., less than 6 cm), and normal PFV (i.e., greater
than 15Δ and passing Sheard’s criterion). “Improved” was defined as a score of <16 or a 10
point decrease in the CISS score, and at least one of the following: normal NPC,
improvement in NPC of more than 4 cm, or normal PFV or an increase in PFV of more than
10Δ. Patients who did not meet the criteria for “successful” or “improved” were considered
“non-responders.” While 73% of patients in the office-based vergence/accommodative
therapy group were either "successful" or "improved", 45% of patients in the home-based
pencil push-ups group, 33% of the patients in the home-based computer vergence/
accommodative therapy group, and 35% of the office-based placebo group (35%) were
similarly classified (p<0.002 for each comparison). There were no significant differences
between the two home-based therapy groups and the placebo therapy group (p≥0.39 for
both).

Analysis of effect size can be used to determine whether changes are clinically meaningful.
According to Cohen’s40 guidelines for interpretation of effect size a SD of 0.2 is small, 0.5
is medium, and 0.8 is large. Sloan et al.41 have asserted that an effect size of 0.5 is a
conservative estimate of a clinically meaningful difference that is scientifically supportable
and unlikely to be one that can be ignored. Between the office-based vergence/

Scheiman et al. Page 5

Optom Vis Sci. Author manuscript; available in PMC 2010 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



accommodative therapy group and the placebo therapy group, we found large effect sizes
(0.77 SD for the CISS, 0.81 SD for NPC, and 3.43 SD for PFV.) Therefore, in addition to
being statistically significant, these changes are considered be clinically meaningful. On the
other hand, the effect sizes between the home-based therapy groups and the placebo therapy
group were small for all outcome measures (pencil push-ups: 0.11 SD for CISS, 0.32 SD for
NPC, 0.3 SD for PFV; home-based computer therapy: 0.18 SD for CISS, 0.45 SD for NPC)
except PFV for the home-based computer vergence/accommodative therapy and pencil
push-ups group (1.41 SD).

These results showed that 12 weeks of office-based vergence/accommodative therapy
resulted in a greater percentage of patients reaching pre-determined success criteria when
compared with home-based pencil push-ups, home-based computer vergence/
accommodative therapy and pencil push-ups, and office-based placebo therapy, and a
clinically meaningful and statistically significantly greater improvement in symptoms and
clinical measures of NPC and PFV.

DISCUSSION
Until recently, clinicians seeking evidence regarding the effectiveness of treatments for
children with symptomatic CI had limited quality data to support any available treatment
option. This probably explains the reason why there has been no consensus regarding the
most effective treatment approach; albeit 87% of optometrists and ophthalmologists reported
they prescribed either home-based pencil push-ups or base-in prism reading glasses.26 It is
easy to understand the clinical popularity of home-based pencil push-ups and base-in prism
reading glasses because of their simplicity and low cost. These attributes most likely account
for why home-based computer software for the treatment of CI appears to be a growing
trend in both eye care fields.

The aforementioned randomized clinical trials demonstrated that base-in prism reading
glasses were no more effective than placebo glasses, and that home-based pencil push-up
therapy and computerized therapy combined with pencil push-ups are significantly less
effective than office-based vergence-accommodative therapy. Patients in both home-based
therapy groups in the large-scale trial were contacted on a weekly basis by a therapist,
completed a home log, and returned for office visits every fourth week. Because this is
considerably closer follow-up than is typical in clinical practice, it is likely that this
treatment would be less effective if prescribed according to usual clinical practice of no
weekly telephone calls and less frequent follow-up. The results of the CITT pilot study,32 in
which the home-based pencil push-ups group did not receive weekly phone calls, provide
some support for this hypothesis for the pencil push-ups group as none of the these patients
were classified as successful or improved.

Evidence-Based Guidelines for the Treatment of Children with
Symptomatic Convergence Insufficiency

Eye care providers wishing to make an evidence-based recommendation regarding the most
effective treatment for children with symptomatic CI can use the results from the clinical
trials described herein. Because office-based vision therapy was found to be the most
effective treatment, many will feel that this form of therapy should be the first-line
treatment. We recognize that this creates challenges for many clinicians because only about
15% of optometrists and 3% of ophthalmologists currently offer office-based vision therapy
for CI.26 However, if eye care providers do not offer this treatment modality, they can either
co-manage these patients with a provider who does or alternatively consider incorporating
this form of treatment within their practice. We recognize that there are a number of
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obstacles associated with the latter option including education and training, equipment, and
space.

An additional concern is the increased cost associated with office-based treatment.38,42

Certainly when the service is not available locally or the parents are unable to afford office-
based vision therapy, parents may opt for home-based therapy initially despite the lower
success rates. In such instances, we suggest the use of the home-based computer software
plus pencil push-ups because this treatment approach was more effective than pencil push-
ups alone in improving positive fusional vergence, is more engaging for the child, and
provides an automated, stepwise treatment approach. Monitoring of compliance is suggested
in these cases, and might include a weekly call from the doctor or assistant or the use of the
computer software Internet monitoring feature. If the patient attempts this home-based
treatment and is not successful, there would be no other alternative than to refer the patient
for office-based vision therapy. Nevertheless, we believe that in all instances patients should
be informed of the significant differences in effectiveness of office vs. home-based vision
therapy based on current evidence.

In regard to base-in prism reading glasses our data do not support their use. However, we
recognize that we used a single criterion for determining the magnitude of the prism
prescription (Sheard’s criterion). Further research is indicated to determine if base-in prism
reading glasses prescribed using other criteria, such as fixation disparity measurements, may
be an effective treatment option.

New Questions and Future Challenges
The aforementioned clinical trials answer a number of important questions about the
effectiveness of various treatments for symptomatic CI in children. However, the results of
these studies also raise new questions and suggest additional challenges that need to be
addressed in future studies of CI.

Wallace42 expressed uncertainty as to whether these home-based treatment groups were
ideal comparison groups to study. He suggested that an ideal comparison group would have
received the same amount of therapy at home as the office-based therapy groups received in
the office as well as equal contact time with the therapist. However, this was not the intent
of the trial.

Active treatment approaches for CI differ in several ways including dosage and mode of
administration, and the objective of the CITT was to compare the effectiveness of three
commonly prescribed treatments. Effectiveness refers to whether an intervention has benefit
as used in actual clinical practice. This is in contrast to the efficacy of treatment, which
refers to whether an intervention can be successful when it is properly implemented under
highly controlled conditions. Thus, the home-based pencil push-ups and the computerized
therapy groups were prescribed treatment regimens that closely approximated how these
treatment modalities are currently used in clinical practice – that is, prescribed to be
performed at home for 15 and 20 minutes per day, respectively (albeit patients also received
weekly phone calls and attended monthly follow-up visits in the office with the therapist).

The only way to have ensured equalization of “treatment dosage” and face-to-face “office
contact time” with the therapist would have been for the children in the home-based groups
to have attended 12 weeks of 60-minute, therapist-supervised therapy sessions in the office.
Although this treatment protocol might indeed have greater efficacy than the prescribed 15
to 20 minutes of 5 days per week home-based therapy, it is unlikely that many eye care
providers would prescribe 60-minute in-office therapy sessions of therapist-supervised
pencil push-ups or computerized therapy. Alternatively, 12 more minutes of pencil push-ups
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for the pencil push-up therapy group or 7 more minutes of computer therapy for the
computerized therapy group performed at home on each of the 5 therapy days would
equalize therapy dosage (presuming the children performed the therapy exactly as
prescribed); however, it would not address the issue of equal face-to-face therapist contact
time unless the child also came to the office and interacted with the therapist in some way
for 60 minutes each week. We believe that these hypothetical treatment approaches are
untenable and unlikely to be prescribed or successfully completed. More importantly,
however, because they are not representative of what happens in clinical practice and
therefore would have precluded us from evaluating the effectiveness of the treatments. While
it may be of scientific interest whether the same number of minutes of home-based pencil
push-ups or computerized therapy combined with the same face-to-face therapist contact
time can produce an outcome equivalent to that found in the office-based accommodative/
vergence therapy group, it would have limited clinical utility. Moreover, equalizing in-office
therapist contact time would negate the primary advantages of home-based treatment, which
are its simplicity and low cost.

One might argue that home-based therapy should be the first-line treatment for children with
symptomatic CI and that office-based vision therapy should be reserved only for
unresponsive or poorly responsive cases. This argument, however, is based solely on
convenience and cost because there are no data to support this approach and there is no
method to predict who will respond to home-based therapy. Medical decisions should not be
based on cost alone. Rather, there should be effectiveness data to support any recommended
therapy.

In our studies, home-based pencil push-ups and home-based computer vergence/
accommodative therapy with pencil push-ups were no more effective than placebo treatment
in normalizing symptoms and signs of CI (composite outcome of 33%, 43%, and 35%
respectively). Of note, the home-based therapy programs required 15 to 20 hours of therapy,
weekly phone calls from the therapist, and 4 office visits over a 12-week period.
Recommending a procedure that has been shown to be effective only one-third of the time as
a first-line treatment for a child who is symptomatic while reading would be delaying
another treatment shown to be effective 75% of the time for 3 months. However, the cost of
treatment is an important issue and in some cases will be a barrier to treatment. While it is
incumbent upon all of us to educate parents regarding the success rates and advantages and
disadvantages for all available treatment options so that parents can make a truly informed
consent. Parents must make their own decisions based upon the information given to them,
their perception and concern regarding their child’s symptoms, their own personal goals and
values, and their financial situation.

One might wonder if the improvement in the office-based vision therapy group could be
from a combined effect of patient-provider interaction and/or the patient’s belief in the
effectiveness of the treatment plus the effect of the home-based vision therapy alone rather
than from the therapy performed in the office and at home. This would assume, however,
that the 2 home-based therapy groups experienced no effects of patient-provider interaction
or belief in the effectiveness of the treatment when, in fact, there is no reason to think that
the home-based therapy groups would be immune to these effects. Indeed, patients in the
home-based therapy groups had less overall contact time with the therapist, but patients in
all groups of the large-scale clinical trial had weekly contact with the therapist to encourage
motivation. Furthermore, because the patients in the home-based therapy groups were not
masked, they were aware that the therapy they were prescribed was not placebo therapy. We
do not know if the improvements found in the home-based treatment groups were due to a
real treatment effect or a placebo effect.
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In addition, the effect sizes for each outcome measure were large between the office-based
vergence/accommodative therapy and placebo groups, but small between home-based
therapy and placebo therapy groups. Therefore, the incorporation of an office-based placebo
group in both of our studies definitively demonstrates a real treatment effect with office-
based vision therapy.

The placebo effect is viewed as a change in a patient’s illness attributable to the symbolic
aspect of a treatment and not to any specific pharmacologic or physiologic properties.43

Placebo response rates for a variety of medical conditions have been reported to range
from15% to 58% with an average placebo effectiveness of 35%.44 While this is similar to
the effectiveness rates found in our office-based placebo therapy and placebo glasses groups,
it is not certain how much of the effect in these groups was from the placebo effect versus
regression to the mean and/or natural history of the disease because a no-treatment control
group was not included. Nevertheless, any such effects should have affected all treatment
groups similarly. In addition, the effect sizes for all three outcome measures were large
between the office-based vergence/accommodative therapy and placebo groups, but small
between the home-based therapy and placebo therapy groups. Therefore, we feel that the
presence of the office-based placebo group definitively demonstrates there was a real
treatment effect with office-based vergence/accommodative therapy.

Directions for Future Research
Our CITT Investigator Group continues to be committed to investigating CI and some of the
key questions we hope to study in the future include:

1. Would a longer duration of office- and home-based therapies have been effective in
a higher percentage of children?

2. Are certain office-based vergence/accommodative therapy procedures more
effective than others in treating CI? Is there an office-based therapy program that
would be equally as effective or perhaps even more effective but could be
administered for a shorter duration?

3. Would a protocol that more closely monitors and encourages adherence affect the
outcome for home-based computer vergence/accommodative therapy group?

4. Are there different home-based therapy combinations (e.g., computer therapy
combined with therapy procedures such as loose prism or free-space fusion cards
rather than pencil push-ups) and/or a modified computer therapy program that
might be more effective than the combined computerized therapy and pencil push-
up approach that we prescribed?

5. Is there a better method of prescribing prism, such as based on fixation disparity
testing, that might be more effective in reducing symptoms of CI?

6. What effect does successful treatment of symptomatic CI have on various aspects
of reading performance?

7. What effect does the successful treatment of CI have on behavior rating scales in
children with CI and Attention-Deficit Hyperactivity Disorder whose behaviors are
still an issue despite medical management for the latter?

8. What exactly is the cost utility of the various treatments for CI?

9. Do low plus lenses that are anecdotally reported by some clinicians to be useful for
the treatment of CI in children have any beneficial treatment effect?
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Figure 1.
Mean improvement adjusted for baseline in (A) CI Symptom Survey, (B) Near Point of
Convergence Break (cm), and (C) Positive Fusional Vergence (Δ).OBVAT: Office-based
vergence/accommodative therapy with home reinforcement; OBPT: Office-based placebo
therapy with home reinforcement; HBPP: Home-based pencil push-up therapy; HBCVAT+:
Home-based computer vergence/accommodative therapy and pencil push-ups.
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Table 1

Eligibility and exclusion criteria.

Eligibility Criteria

Age 9 to 17 years

Best-corrected visual acuity of 20/25 or better in both eyes at distance and near

Willingness to wear eyeglasses or contact lenses to correct refractive error, if necessary

Exodeviation at near at least 4Δ greater than at far

Insufficient positive fusional convergence (i.e., failing Sheard’s criterion35 or ≤15Δ blur or break) on
positive fusional vergence testing using a prism bar*

Receded near point of convergence of ≥6 cm break

Appreciation of at least 500 seconds of arc on the forms part of the Randot Stereotest

Symptomatic CI Symptom Survey Score (13 question version ≥ 9 [pilot study]; 15 question version ≥16
[Base-in prism study; large-scale study])

Informed consent and willingness to participate in the study and be randomized

Exclusion Criteria

CI previously treated with pencil push-up therapy (more than 2 weeks of treatment)

CI previously treated with home- or office-based VT/orthoptics

Amblyopia (≥2 line difference in best-corrected visual acuity between the two eyes)

Constant strabismus

History of strabismus surgery

High refractive error: Myopia ≥6.00D sphere (in any
meridian), hyperopia ≥5.00D sphere (in any meridian), astigmatism ≥4.00D

Anisometropia ≥2.00D spherical equivalent

Prior refractive surgery
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