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Abstract

This investigation was explained to improve the effect of orthoptic treatment of

infantile esotropia by long term potentiation. In the successful group, 679% achieved a

stereo acuity of 60 seconds or better. Partial improvement was seen in 209 and no

improvement in 13%.

There were 3 types of cure processes in the successful group. The first type maintained

a good binocular function before the operative stage. The second type achieved a good

binocular function in a relatively early postoperative stage, while the third type had

delayed development of binocular function over a period of several years. The former

cases had sufficient intensive orthoptic treatment during admission, and the latter

showed a gradual improvement of stereo acuity accompanied by good eye position.

Introduction

The prognosis for infantile esotropia has
generally been considered to be poor even
with the performance of strabismus surgery
in very early life?®®%% Most reports, have
indicated that alignment of the eyes after
surgery was very rough (£5-10A), and
achievement of normal binocular function
and the maintaining of a straight eye position
under fusional mechanism seemed to be diffi-
cult. Postoperative orthoptic management
was rarely carried out. In this clinical study
on infantile esotropia, surgery was not done
at a very early stage, but intensive orthoptic
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management was done for a certain period of
time to develop the binocular function. The
period of observation ranged from five years
till 12 years after surgery. In this report, the
process of recovery of binocular function
over a long period will be discussed.

Materials and Methods

Thirty cases of infantile esotropia (17
males and 13 females) were selected from 73
cases according to the following criteria; (1)
Onset occurred before one year of age. This
was confirmed by photographs of baby. (2)
The deviation was more than 40A both near
and far and the esotropia was constant. (3)
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Refraction anomalies were slight or nonexis-
tent. (4) Underaction of the lateral recti
muscle and overaction of inferior oblique
muscle was demonstrated by the nine cardi-
nal gaze test. (5) Complete following up was
done by a chief orthoptist and an ophthalmol-
ogist for five years or more after the last
surgery. (6) All cases were hospitalized for
two to four weeks. The patients ranged in age
from one to 13 years old (average 5.5) at the
last admission.

Binocular function was analyzed by using
the Titmus stereo tests, Bagolini’'s striated
glasses (SG), the synoptophore test and the
Worth four dots test. Deviation was deter-
mined by Krimsky’s method and the alternate
prism cover test.

The degree of cure was determined accord-
ing to the standardization of the cure state of
strabismus decided upon by the Japanese
Association of Strabismus and Amblyopia. In
this system, the degree of cure is classified
into three levels; a Titmus score between 60
-40 seconds (circle 7/9-9/9) indicates a good
cure, 140-80 seconds (circle 4/9-6/9) is fair
and 200 seconds (circle 3/9) or more is poor.
Follow up examinations were performed at
six months, one, two, three, four, five and
more than five years after surgery. In the
preoperative stage, treatment of amblyopia
and ARC (Abnormal retinal correspondence)
was carried out for several months. Intensive
orthoptics, such as antisuppression, kinetic
biretinal stimulation, proprioceptive reor-
ientation, bifoveal stimulation and fusion
training were given for about a week during
the preoperative stage.

After surgery, stabilization of alignment
was attempted by using progressive power
eye glasses, membrane prisms, 0.069% echoth-
iophate iodide and physiological diplopia
training. These methods of treatment were
used when they were needed. Regarding the

surgical procedure, recession of the medial
rectus and resection of the lateral rectus was
done in 25 cases, resection of the lateral
rectus only was done in four cases, and reces-
sion of the medial rectus only was performed
in one case. Recession of the inferior oblique
muscle was done in 11 cases. Two or more
surgeries were performed in 18 out of the 30
cases to correct residual deviation. The selec-
tion of muscles to be operated upon was
decided by their degree of overaction or
underaction. The standard dosis of muscle
transposition was 1 mm for 4A deviation but
hypertonic deviation influenced by emotional
and refractive status was not included. Final
adjustment of the eye position in reoperation
which was performed under a local anesthe-
sia was done by adjusting sutures during
surgery to completely remove any residual
angle. Surgical invasion of the muscle pro-
prioception structure was avoided because
strabismus surgery damaged the proprioce-
ptive endings®”®? and loss of proprioception
might disturb the development of binocular
function in young children'®. To prevent this,
all surgery was done by same ophthalmolo-
gist.

Results

As a result of long term follow up, good
binocular function was achieved in 20/30
cases (67%), partial improvement in 6/30
cases (20%) and no improvement in 4/30
cases (13%). The development of binocular
function during the long term follow up is
explained below:

1) Cases with achievement of good binocu-
lar function

The follow up period for these cases ranged
from five to 12 years after final surgery
(Table 1). Twenty out of the 30 cases belon-
ged to this group. All of these cases showed a
normal fusional amplitude by synoptophore,
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Table | Postoperative changes in the Titmus score (circle number) and deviation (A)
Follow up period (year) 0.5 1 4 5 5.12
Complete Titmus score 4.7+34 51+3.3 56128 6.6+2.5 69+2.1 78+1.2 8.2+0.9
cure Deviation
20 cases Horizontal (A) 3.6+3.6 3.6+3.2 39+3.2 2.3+25 3.0+3.0 34+24 23+24
67%) Vertical (&) 1.9+£25 1.9+28 2.4+33 2.3+29 25+29 2.0£29 1.5+2.0
Partial Titmus score 1.0+1.5 1.0x+14 22+18 24%15 3.7x2.1 4.0%22 5.2+0.8
improvement | Deviation
6 cases Horizontal (A) | 146+12.1 10.2+123  8.7+99 8.3+29 6.7+6.9 6.3+5.6 5.2+6.4
(20%) Vertical (A) 0.0+0.0 0.7+16 0.5+1.2 1.8+2.1 1.0£15 1.7£2.1 23+1.7
No Titmus score 20+3.4 1.7£15 1.5+1.9 20x14 2017 23*+15 23+15
improvement | Deviation
4 cases Horizontal (A) +71 2.5+3.0 3.0+3.8% 43+5.7 1.8+2.1%* 9.0+5.0*
(13%) Vertical (&) 40+29 1.3+25 35+4.1 43+35 53+7.5

* | include secondary XT

and in their final status, 959 showed fusion in
casual viewing of striated glass. The Titmus
score six months after the surgery was 4.7 =
3.4 but slight improvement occurred two or
three years later and subsequent improve-
ment continued up to five years or more after
surgery with a final average score of seven
(60 seconds).

However, three types of developmental
process were recognized (Figure 1). In Type 1,
achievement of binocular function took place
within six months and it was found in seven
out of the 20 cases (35%), who ranged in age
from four to 13 years old (average 7.1). Inten-
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Fig. 1 Three types of developmental proces-
ses of the Titmus score in cases that

achieved good binocular function.

sive orthoptics was done during the hospital-
ized period.

In Type 2, gradual improvement of the
Titmus score was achieved in eight out of the
20 cases (409, Type 2). In Type 3, the Titmus
score was still low at the end of five years but
delayed improvement was recognized in five
out of the 20 cases (259%). The most promi-
nent case achieved a Titmus score of 60
seconds after 12 years.

From a different analytical point of view,
Figure 2 shows that increasing numbers of
patients achieved a Titmus score of 60 sec-
onds or better at the end of two years (27%),
four years (43%) and more than five years
(67%). This evidence suggests that long term
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Fig. 2 Increasing numbers of patients who

achieved a Titmus score of 60 seconds.
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potentiation of stereopsis exists during the
treatment of infantile esotropia.
2) Cases with partial improvement

Six out of the 30 cases showed partial
improvement within five to eight years after
final surgery. Table 1 shows the process of
improvement of the Titmus score in these six
cases. Slow improvement to the middle grade
or no improvement after six months were
observed. In this group, fusion determined by
synoptophore was found in 409, striated
glass fusion was 509, and ARC was the in-
tractable factor.

3) Cases with a poor result

Four out of the 30 cases had a poor progno-
sis based on the Titmus score. The period of
observation ranged from five till eight years
after final surgery. Table 1 shows the
changes in deviation and the Titmus score.
Intractable amblyopia was the major cause of
interruption of development of binocular
function. In this group, fusion by synopto-
phore and striated glasses was 25% for both.
Alignment of the eyes was unstable and sec-
ondary exotropia appeared after five years
4) Comparative analysis of pathological

factors in the three groups (Tables 1, 2 and

3)

Cases with a good result (Group 1) had no
manifest deviation, no amblyopia and no
ARC after treatment. In some cases, these
factors were dissolved. The average horizon-
tal deviation was 3.5A at six months pos-

toperatively and it was reduced to 1.4A of
esophoria at the final visit. The average
vertical deviation was 1.8A at six months
postoperatively and 1.9A at the final visit.
No cases exhibited a manifest strabismus.

In the cases with partial improvement
(Group 2), residual amblyopia existed in 2/6
cases (33%) and ARC was noted in 4/6 cases
(67%). The residual manifest deviation was
found in 2/6 cases.

In the cases with a poor result (Group 3),
intractable strabismic amblyopia existed in
2/4 cases (509%) and ARC was noted in 1/4
case (25%). These cases showed a sign of
microtropia. The residual manifest deviation
was found in all cases including two cases of
the secondary exotropia. The ages at first
surgery was 4.0 = 2.2 years in the group with
complete cure, 4.2 % 1.3 years in the group
with partial improvement and 2.8 = 1.7 years
in the cases with a poor result (Table 3).

How about orthoptic management in the
cases with complete cure? In the preoper-
ative stage, treatment of suppression, amb-
lyopia and ARC was the first choice. There
procedures were also continued before sur-
gery after admission. In the postoperative
stage, binocular function under casual view-
ing, correction of the residual angle with eye
glasses, and prism and physiological diplopia
training were used. Cases with a complete
cure achieved good performance under this

training within a few weeks. In the other

Table 2 Cure status and pathological factors in three group of infantile esotropia.

Complete cure

C tat
ure status 20/30 (67%)

Partial improvement

Poor result

6/30 (20%) 4/30 (13%)

Refraction —0.25D~+1.50D +0.25D~ +1.00D +0.25D~+1.75D
Amblyopia (—) 2/6 2/4
NRC-ARC (=) 2/6 ()
ARC (—) 2/6 1/4




Long Term Potentiation of Binocular Function 145

Table 3 Ages of surgery in different cure status.

Complete cure

Cure status 20/30 (67%)

Partial improvement

Poor result
6/30 (20%) 4/30 (13%)

First surgery 1~9

(in age) (4.0+2.2)

2 ~5 1~5
(4.24£1.3) (2.8£1.7)

groups, however, cooperation in the orthoptic

training was unsatisfactory.
Discussion

This investigation was designed to improve
the effect of treatment on infantile esotropia
by long term management. As a result, an
unexpectedly high percentage of patients, i.e.,
679%, achieved Titmus stereo acuity of better
than 60 seconds. In this investigation, only
23% had achieved a Titmus score of 60 sec-
onds when a follow up examination was done
one year after final surgery. At three years
after final surgery, 409% had achieved this
score and at five years, 53% of the patients
were successful. The final data showing
achievement by 67%, indicates that a long
term potentiation effect clearly developed in
the Titmus score during the long follow up
period.

What were the major factors that led to
improvement of the prognosis? The first
important factor before surgery was a gain in
alternate fixation.

Since the mean age at the time of surgery
was 3.8 years old, examinations of deviation,
muscle action and binocular function were
possible. For surgical planning, these data
were very important and useful. The number
of operations ranged from one to four (aver-
age 1.5). In some cases, surgical orthoptics
under local anesthesia was carried out to
eliminate a minimum deviation including a
vertical deviation. Consequently, deviation
was limited to less than 3A.

The postoperative orthoptic management
was also very important and involved the
following: 1) To develop binocular function,
physiological diplopia play was recommend-
ed to design casual viewing. 2) Manipulation
of chopsticks to pick up small pieces of food
was also recommended. 3) Since almost all
cases had a recession of the medial rectus
muscle, fusional and accommodative conver-
gence training was carried out. 4) To prevent
recurrence, 0.06% echothiophate iodide eye
drops, progressive power eye glasses and
prisms were used. 5) If esotropia recurred,
injection of botulinum toxin had a good
effect'?.

According to Yazawa'?, 549 of patients
with infantile esotropia achieved good binoc-
ular function if the surgical correction
eliminated manifest deviation in a long fol-
low up period.

In previous studies, many authors have
claimed that surgery must be performed
before the age of two years to obtain a func-
tionally useful result. However, a cure is not
always complete and many consist of several
grades of subnormal or abnormal binocular
cooperation. It has also been believed that the
binocular cells in the striate cortex are per-
manently lost in infant monkeys after artifi-
cial strabismus. These cells also disappear in
monkeys with eye lid suture or experimen-
tally induced anisometropia.

In opposition to the deprivation theory, a
theory of growth of dendrites as a result of
increased use of the nervous system has been
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proposed and demonstrated by many authors
(Rutledge'®, Diamond!®, Gall'®, Lynch!®,
Uylings!”, Bliss'®).

In particular, Diamond et al.'® discovered
a plasticity in the 904-day-old rat cerebral
cortex. The thickness of the occipital cortex
was greater in rats placed in an enriched
environment than in those placed in a non-
enriched cage. They also reported that the
dendritic length of the occipital cortex was
longer in rats placed in an enriched cage than
those in a non-enriched cage. For the former,
they used a larger cage (70 X 70 X 46 cm) in

which the rats had access to numerous
replaceable objects which were changed
biweekly.

Regarding the human strabismus, if the
deviation is corrected completely, an enri-
ched environment with toys, food and chop-
sticks and ball games involves depth percep-
tion will help the development of the visual
cortex and binocular function.

The preliminary report of this study was publi-
shed in Japanese in Acta Societatis Ophthal-

mologicae Japonicae!?.
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