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KntouoBi cnoBa:
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Introduction

Background: Exophoria may be caused by congenital or acquired anomalies in orbital
structure, ocular structure, extraocular muscle attachment and/or extraocular muscle
location. Some researchers believe that the presence of stereopsis after treatment for
strabismus indicates that a stable treatment outcome has been achieved and binocular vision
regained. The state of stereopsis is believed to be an efficacy endpoint in the evaluation of
strabismus surgery.

Purpose: To assess stereopsis before and after surgery for constant versus intermittent
exotropia.

Material and Methods: Fifty nine patients with constant or intermittent exotropia, aged 10
to 21 years, were included in the study. Of these, 33 (group 1) had constant exotropia and 26
(group 2), intermittent exotropia. They underwent surgery on one or both eyes. Visual acuity
assessment, refractometry, and biomicroscopy were performed, near and distance angles
of deviation were measured by Hirschberg's test and prism cover test, the color test was
used to determine the type of binocular vision, and synoptophore, to examine fusion both
before and after treatment. Stereoacuity thresholds were assessed with Lang-Stereotest 11
and Titmus Stereo Fly (circles and animals) tests at daylight at a viewing distance of 30 cm
and a Huvitz CCP3100 Chart Projector was used to assess whether stereopsis was present
at a 5-m distance.

Results: After treatment, the magnitude of exotropia decreased in all patients, and the mean

angle of deviation at near was 3.5+1.4 degrees, and at distance, 3.9+1.9 degrees. In addition,

70% of patients regained binocular vision. At baseline, neither patient in group 1 and only
three patients in group 2 exhibited distance stereopsis. After treatment for strabismus, 11

patients in group 1 exhibited near stereopsis, and stereoacuity threshold as assessed by the
Titmus Stereo Fly (circles and animals) test was 200-400 arc sec in 24.4% of patients of this
group. In addition, in 80.8% of patients of group 2, the stereoacuity threshold was 1500 arc
sec, and the stereoacuity normalized and was 200 arc sec as assessed by the circles subtest.

That is, after surgery, stereoacuity thresholds decreased substantially, especially in group 2.

Conclusion: After surgery, in 70-80% of cases, stereoacuity increased (stereoacuity thresholds
decreased), indicating that the surgical treatment was effective and binocular functions were
regained. Our preliminary results suppose that a preoperative near stereoacuity of 200 arc
sec will be a favorable factor for improvement in binocular functions and stable orthotropia
after surgery for intermittent exotropia.

Exotropia occurs less frequently than esotropia (with
a prevalence ratio of approximately 1:3 [1]), and differs
from other types of strabismus in that a change in the angle
of deviation may occur at any time of the day or night.
In addition, the angle of deviation may be larger at near
(convergence insufficiency) or at distance (divergence
excess).

The mechanisms of these oculomotor abnormalities
involve various degrees to which fusion and vergence are
compromised, and the relation between accommodation
and convergence [2-7]. Due to these reasons, it may be
difficult to differentiate exophoria (latent exotropia) from
apparent exotropia, and constant exotropia at distance from
intermittent exotropia at distance. A change from exophoria

to manifest exotropia is rather common. Exophoria may
be caused by congenital or acquired anomalies in orbital
structure, ocular structure, extraocular muscle attachment
and/or extraocular muscle location [2, 3, 8-11].
Intermittent exotropia is most commonly (82-86%)
due to convergence insufficiency or abnormalities of the
central nervous system [6, 7]. Restoration of binocular
fusion at distance and near after surgery for exotropia is
observed in 40-95% of the patients [1, 12, 13]. There have
been reports on the state of convergence, strabismus angle,
fusional capacity, and type of binocular vision in exotropia
[7, 14]. Stereopsis has been assessed with various tests
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in various groups of patients with exotropia, mostly after
surgery for exotropia. The stereoacuity threshold in early
surgery for congenital strabismus was of 1500 arc sec
[4, 5, 15, 16], i.e., substantially above the normal range.
Those authors believe that this indicated a persistent
effect of surgery, a proper eye position. Near and distance
stereoacuity thresholds have been reported for some forms
of exotropia [7, 17-19]. It has been, however, not assessed,
whether the presence or magnitude of stereoacuity
threshold may influence the outcomes of conservative
or surgical treatment for patients with exotropia. In
addition, it is believed that clinicians should understand
characteristics of various stereoacuity tests to utilize test
data for a particular patient [6, 7, 20].

The purpose of this study was to assess stereopsis
before and after surgery for constant versus intermittent
exotropia.

Material and Methods

Fifty nine patients with constant or intermittent
exotropia, aged 10 to 21 years, were included in the study.
Of these, 33 (group 1) had constant exotropia and mean
BCVA of 0.83+(SD) 0.33, and 26 (group 2), intermittent
exotropia and mean BCVA of 0.82+(SD) 0.35. In both
groups, the refractive error ranged from -5.5D to +7.5D.
Sixty five percent of patients had a vertical component
ranging from 0 to 3 degrees. In group 1, the angle of
deviation measured at distance ranged from 11 to 35
degrees (mean value, 21.42+(SD) 10.4 degrees), and the
mean value for the angle of deviation measured at near
was 14.8+(SD) 12.7 degrees. In group 2, the angle of
deviation measured at distance ranged from 9.7 to 20.4
degrees (mean value, 14.5£(SD) 5.8 degrees), and the
mean value for the angle of deviation measured at near
was 8.75+(SD) 9.0 degrees. The surgery was performed
in one or both eyes in a routine manner [1, 12, 13]. Visual
acuity assessment, refractometry, and biomicroscopy
were performed, near and distance angles of deviation
were measured by Hirschberg's test and prism cover test,
the color test was used to determine the type of binocular
vision, and synoptophore, to examine fusion both before
and after treatment. Stereoacuity thresholds were assessed
with Lang-Stereotest II and Titmus Stereo Fly (circles
and animals) tests at daylight at a viewing distance of 30
cm, under conditions of best-corrected vision. In addition,
a Huvitz CCP3100 Chart Projector was used to assess
whether stereopsis was present at a 5-m distance.

Statistica 8.0 (StatSoft, Tulsa, OK, USA) software
was used for statistical analysis. Mean (M) and standard
deviations (SD) were calculated for quantitative variables.
The level of significance p < 0.05 was assumed. Group
results were compared using the chi-square test and
Newman—Keuls multiple comparison test.

The study followed the ethical standards stated in
the Declaration of Helsinki, the European Convention
on Human Rights and Biomedicine and relevant laws of
Ukraine.

Results

After treatment, the magnitude of exotropia decreased
in all patients, and the mean angle of deviation at near
was 3.5+1.4 degrees, and at distance, 3.9+1.9 degrees. In
addition, 70% of patients regained binocular vision. Table 1
presents pre-treatment and post-treatment deviation angles
and binocular function data for patients with constant
exodeviation and patients with intermittent exodeviation.

The magnitude of deviation significantly decreased
after surgical treatment (p =0.0001) (Table 1). Ocular
alignment was obtained and binocular vision was regained
following surgery by 71.2% of patients. Preoperatively,
all patients with constant deviation and 11 patients with
intermittent deviation (42.3%) failed distance stereoacuity
testing.

After treatment, stereoacuity improved in both groups
(Tables 2 and 3). Particularly, five patients of group 1
and 17 (65.3%) of group 2 had distance stereopsis after
treatment. In group 1, near stereoacuity thresholds were
determined in 5 patients (15.5%) before treatment and
in 22 patients (66.7%) after treatment, but stereoacuity
thresholds were above the normal range. In group 2, near
stereoacuity thresholds were within the normal range in 20
patients (76.9%) and above the normal range in 6 patients
(23.08%) (Table 2). Therefore, before and after treatment,
stereoacuity was generally better in patients of group 2
than in patients of group 1. After treatment, stereoacuity
threshold was 200-400 arc sec.

Of note that, orthotropia (an absence of a manifest
deviation) was achieved in individuals with both post-
treatment distance stereopsis and a pre-treatment
stereoacuity threshold at near of not more than 200 arc sec
in three of the five patients.

Table 3 presents pre-treatment and post-treatment
stereoacuity, as assessed by the Titmus Stereo Fly test.
At baseline, neither patient in group 1 and only 3 patients
in group 2 exhibited distance stereopsis. After treatment
for strabismus, near stereopsis was found in 11 patients
of group 1, and, in 15.5% of patients of this group,
stereoacuity threshold as assessed by the Titmus Stereo Fly
(circles and animals) test was 200-400 arc sec. In addition,
in 80.8% of patients of group 2, the stereoacuity threshold
was 1500 arc sec, and, in 75.6% of patients of group 2, the
stereoacuity normalized and was 200 arc sec as assessed
by the circles subtest. That is, after surgery, stereoacuity
thresholds decreased substantially, especially in group 2.
That is, after surgery, stereoacuity thresholds decreased
substantially, especially in group 2.

Discussion

It has been reported on the effects of some baseline
characteristics (like convergence, angle of strabismus,
presence of fusion, and type of binocular vision) on the
outcomes of surgery for exotropia [5, 6, 19]. Stereopsis in
exotropia has been assessed in various groups of patients
using various tests and mostly after surgery, which makes
it difficult to compare our results with previous studies.
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Although others did assess stereocuity thresholds in
some forms of exotropia [21-24], it has been not assessed
whether and in which way the stereoacuity at baseline
influences the outcomes of surgical treatment for patients
with exotropia.

Therefore, in the current study, we found that,
preoperatively, the percentages of patients failing distance
stereoacuity testing and near stereoacuity testing were
100% and 75%, respectively, for the group with constant
exotropia, and 15.5% and 75.8%, respectively, for the
group with intermittent exotropia. In addition, after surgery,
stereoacuity increased (stereoacuity thresholds as assessed
by the Lang-Stereotest II decreased to 200-400 arc sec)
in 24.4% of patients of group 1 and 75.6% of patients of
group 2, indicating that the surgical treatment was more
effective and binocular functions were regained, but more
substantially in patients with intermittent exotropia.

Our preliminary results suppose that a preoperative
near stereoacuity of 200 arc sec will be a favorable
factor for improvement in binocular functions and stable
orthotropia after surgery for exotropia.
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Table 1. Deviation and binocular functions before and after surgical treatment for constant exotropia (group 1) and intermittent

exotropia (group 2)

Group 1 ( n=33)

Group 2 (n=26)

as assessed with the 5-m
Worth 4 Dot Test

100% (33)—
monocular

25 % (28) —
simultaneous
15% - monocular

Characteristic

Before treatment After treatment Before treatment After treatment
Distance deviation (degrees) 2142 +10.4 4.07+5.5 14.5+5.8 3.5 4.6 (n=10)

. 3.7£2.3 (n=7) 3.5 2.5 (n=4)
Near deviation (degrees) 14.78+12.7 0 (=26) 8.754£9.0 0 (n=16)
Significance of difference
between before and after p,.0.0001 p,.0.0001
surgery (p)
o/ _ hi .

Type of binocular vision 60% ~ binocular; 25% (6) —

70% (18) — binocular

simultaneous .
20% - simultaneous

75% — monocular

Significance of difference
between before and after

surgery (p)

¥2=48.6, p=0.000001

x2=11.14, 3=, p=0.008

Table 2. Stereopsis before and after surgical treatment for constant exotropia (group 1) and intermittent exotropia (group 2)

Before treatment After treatment
Characteristic Group 1 Group 2 Group 1 Group 2
(n=33) (n=26) (n=33) (n=26)
Yes - 42.3% (11) 15.5% (5) 65.3% (17)
Distance stereopsis
No 100% (33) 57.7% (15) 84.5% (27) 34.7% (9)

¥2 =6.6, p=0.01

¥x2=11.35, p=0.0008

Near stereopsis as assessed by
the Lang-Stereotest II

0 - 84.5% (28)
200-600 —15.5% (5)

0-75.8% (18)

400 - 24.2% (8)

0 - 33.3% (10)
66.7% (22)

200 - 76.9% (20)
400-600 — 23.08% (6)

¥2= 28.5, p=0.000...

2= 11.7, p=0.006
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Table 3. Stereopsis as assessed by the Titmus Stereo Fly (circles and animals) test before and after surgical treatment for
constant exotropia (group 1) and intermittent exotropia (group 2)

Characteristic Group 1 (n=33) Group 2 (n=26)

Stereoacuity threshold [o nikyBaHHA Micna nikyBaHHA [o nikyBaHHA Micna nikyBaHHA

Near stereopsis as
assessed by the Titmus
Stereo Fly test

0-52.5% (17)

_ 0,
0-100% 1500 — 48.5% (16)

1500 -11.6% (3)

0 - 20% (5)
1500 — 80% (21)

¥2= 23.15,p=0.000... ¥=25.07, p=0.000...
. 0-75.6% 0 - 76.93% 0-19.2%
_ 0
Circles 0-100% 200 — 24.4% (8) 400 -23.07% (6) 200 -80.8% (21)
%= 9.14,p=0.025 ¥=17.33, p=0.000...
Animals 0100% 0-75.6% 0-76.93% 200-76.93% (20)

400 -24.4% (8)

400-23.07% (6)

400 -23.07% (6)

2= 28.5,p=0.000...

¥2= 17.33,p=0.000..
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