
C H A P T E R 17
Exodeviations

Classification and Etiology

Even though the classification and etiology of
strabismus are discussed in Chapters 8 and 9,

a few specific remarks regarding exodeviations are
in order in this chapter. Although fair agreement
has been reached with respect to the classification
and etiology of esodeviations, the same cannot be
said for exodeviations.

Most current classifications of exodeviations
are derived from Duane,49 who championed the
view that exodeviations are caused by an innerva-
tional imbalance that upsets the reciprocal rela-
tionship between active convergence and diver-
gence mechanisms. According to Duane, an
exodeviation greater at distance than at near fixa-
tion is caused by hypertonicity of divergence (ex-
cess), a deviation greater at near than at distance
is caused by convergence insufficiency, and a devi-
ation at distance equal to that at near fixation
(basic exotropia) is caused by a divergence excess
combined with a convergence insufficiency.

Some have argued against the etiologic concept
Duane implied by this terminology; however, his
classification has survived and is in current usage
by many strabismologists.

Duane’s classification is based on the assump-
tion that divergence is an active process rather
than relaxation of convergence with a return of
the eyes to parallelism or a divergent position by
mechanical or elastic forces. Most modern investi-
gators share this view, which has been confirmed
by electromyographic studies18–20, 122, 170 (see Chap-
ter 22). Bielschowsky,14 on the other hand, al-
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though not denying the existence of an active
divergence mechanism, questioned Duane’s claim
that the majority of exodeviations are based on
hyperactive tonic divergence. He argued that
Duane’s theory did not take into account the ab-
normal position of rest associated with exodevi-
ations. This abnormal position is determined by
anatomical and mechanical factors such as topo-
graphic and physical properties of the extrabulbar
tissues, the shape and axis of the orbits, the inter-
pupillary distance, and the size of the globe. As
early as 1896, Weiss178 had shown how the growth
and depth of the orbit, as well as the length and
insertion of the horizontal rectus muscles, may
influence the functional equilibrium between me-
dial and lateral rectus muscle actions. That orbital
factors indeed may have etiologic significance in
causing exodeviations is a view also supported by
the high prevalence of exodeviations in patients
with craniofacial dysostosis (Crouzon’s disease) in
whom shallow and laterally directed orbits are
prominent clinical findings.

Bielschowsky,14, 15 in support of his theory that
an anomalous position of rest contributes to the
occurrence of exodeviations, cited the high inci-
dence of sensory exotropia after disruption of fu-
sion by unilateral blindness (see also Chavasse39

and p. 345). He also pointed out that development
of divergence excess secondary to convergence
insufficiency is an untenable concept in view of
the fact that patients with defective convergence
are frequently orthophoric or even esophoric at
distance fixation.

Most current theories on the etiology of exode-
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viations combine the ideas of Duane and
Bielschowsky and revolve around the concept that
exodeviations are caused by a combination of me-
chanical and innervational factors,28; 44, p. 349; 98; 146

the innervational factors consisting of variation of
convergence innervation or disturbed equilibrium
between convergence and divergence.

Burian28 summarized this thinking by stating
that patients with exodeviations have a basic mis-
alignment of the eyes caused by mechanical and
anatomical (static) factors, the nature of which
must remain speculative at the present stage of
our knowledge. This basic exotropia may be de-
fined as the relative position of the visual axes
when there is no stimulus to fusion, when the
refractive errors of the eyes are corrected, and
when the dominant eye is fixating on a distant
object with the eyes in primary position.169 To this
basic deviation are added innervational (dynamic)
factors that tend to maintain ocular alignment by
convergence or to impair it by divergence. Normal
interplay between these innervational influences
provides for gross alignment of the eyes, and any
abnormality in this interplay is the primary factor
in the pathogenesis of exodeviations. Burian fur-
ther pointed out that during childhood, ‘‘exuber-
ant’’ (Chavasse39) functioning of the convergence
mechanism may obscure a basic exodeviation at
near fixation (simulated divergence excess) and
that special tests are needed to elicit the true
deviation.

In addition to interplay between the conver-
gence and divergence mechanisms, refractive er-
rors may further modify the innervational pattern
that influences the position of the eyes. For in-
stance, in a patient with uncorrected myopia, less
than normal accommodative effort is required dur-
ing near vision, thus causing decreased accommo-
dative convergence. According to Donders,48 this
constant understimulation of convergence may
cause an exodeviation to develop. It must be em-
phasized, however, that the role of myopia in the
etiology of exodeviations is far less prominent
than that of hypermetropia in esodeviations.

A similar mechanism prevails in patients with
a hypermetropia. If a high degree of hypermetro-
pia is uncorrected, such patients make no effort to
overcome the refractive error by an accommoda-
tive effort, and clear vision is unattainable.141 As
in the previous case, an exodeviation may develop
on the basis of an understimulated and thus under-
active convergence mechanism that causes the ac-
commodative convergence–accommodation (AC/

A) ratio to remain low or even flat. In moderate
degrees of hypermetropia, spectacles correction
will decrease the accommodative demand and an
underlying exodeviation, previously controlled by
accommodative convergence, will increase and
may require treatment.

Jampolsky and coworkers93 emphasized that al-
though an equal degree of myopia in both eyes
cannot be correlated with exodeviations, anisomy-
opia and anisoastigmatism bear distinct relation-
ships to exodeviations. Unequal clarity of retinal
images may present an obstacle to fusion, facili-
tate suppression, and therefore contribute to the
pathogenesis of exotropia.

The view that tonic convergence is a factor in
masking exodeviations at near fixation and that
excessive divergence may cause an exodeviation
at distance fixation has been challenged by Jam-
polsky,92 who refutes the existence of convergence
and divergence innervation other than that caused
by fusional or accommodative stimuli (see Chap-
ters 5 and 22). Although we cannot accept this
reasoning unequivocally, we are aware that at this
time no clinical or laboratory evidence exists for
excessive tonic divergence innervation in exodevi-
ations. Thus the term divergence excess introduced
by Duane may well be a misnomer. Likewise,
Duane’s term convergence insufficiency for de-
scribing exodeviations that are greater at near than
at distance fixation is not identical with a synony-
mous condition (see Chapter 22) which may or
may not be accompanied by an exodeviation. In
fact, a patient with convergence insufficiency may
have orthophoria or even esophoria at near fixa-
tion. On the other hand, a ‘‘convergence insuffi-
ciency type or pattern’’ exodeviation may be asso-
ciated with a normal near point of convergence
and normal or even excessive fusional conver-
gence amplitudes. Thus we use Duane’s classifi-
cation merely in a descriptive sense without ac-
cepting all its etiologic implications. With this
reservation in mind, we classify exodeviations into
the following patterns:

1. Divergence excess pattern. The exodevia-
tion is at least 15� larger at distance than at
near fixation.

2. Basic exodeviation. The distance deviation
is approximately equal to the near deviation.

3. Convergence insufficiency pattern. The near
deviation is at least 15� greater than the
distance deviation.

4. Simulated divergence excess pattern. The
prism and cover test will show an exodevia-
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tion that is significantly larger at distance
than at near fixation. However, a larger,
static deviation at near fixation is obscured
by dynamic factors such as persistent con-
vergence innervation (vergence aftereffect;
see p. 202), and special tests are required to
reveal the deviation at near fixation, which
will then often equal or even exceed that at
distance fixation. It is necessary to distin-
guish between the contributions. As will be
pointed out later in this chapter, it is neces-
sary to distinguish between a reduction of
the near deviation caused by a fusional con-
vergence aftereffect (Burian’s pseudodiver-
gence excess type) or by the addition of
plus lenses.76, 106, 137

In terms of the state of fusion, exodeviations
can be classified further as exophoria (X), inter-
mittent exotropia (X[T]), and exotropia (XT) (see
Chapter 8).

In addition to classic theories regarding the
etiology of exodeviations discussed in the preced-
ing paragraphs, an interesting and unconventional
possibility was introduced by Mitsui.123 He noted
that in exotropia a slight adductive force applied
to the fixating eye with a fixation forceps causes
the deviated eye to adduct (magician’s forceps
phenomenon). Mitsui concluded from this and
other observations124 that abnormal proprioceptive
impulses originating from the dominant eye are
the cause of the exodeviation. However, this phe-
nomenon can be explained on the basis of a visu-
ally elicited refixation reflex; that is, by adducting
the fixating eye with a forceps, the retinal image
is displaced nasally. The patient now attempts
to refixate with an abduction saccade, but this
movement cannot be executed because the eye is
mechanically stabilized. The impulse to abduct
will be transmitted to the deviated eye as an ad-
duction impulse (Hering’s law).102, 138 As one may
expect, this phenomenon cannot be elicited when
the fixating eye is prevented, by means of a trans-
lucent occluder, from registering the image dis-
placement.138 Thus, it is unlikely that a mechanism
other than a visually elicited fixation reflex ac-
counts for the phenomenon described by Mitsui.

Exodeviations also may be associated with ver-
tical anomalies, and the angle of deviation may
change in upward or downward gaze (A and V
patterns). In this respect, they do not differ from
esodeviations; this type of strabismus is discussed
in Chapter 19.

Primary Exodeviations

Clinical Characteristics

Exotropia differs from esotropia not only in direc-
tion and size of the deviation but also with respect
to prevalence, sex predilection, age of the patient
at onset, progression of the disease, prognosis,
nature of the underlying sensorial adaptation, and
the etiologic significance of associated refractive
errors. Also, exodeviations are much more com-
mon in a latent or intermittent form than are
esodeviations. A patient may exhibit a manifest
exotropia during one examination, and at another
time an exophoria or intermittent exotropia. In-
deed, it is common to observe rapid switching
from one phase to the other during the same
examination. Mechanisms responsible for these
variations include the degree of fusional control
with varying levels of alertness, the convergence-
accommodation relationship, and the change of
the angle of deviation at different fixation dis-
tances. For this reason, it is often impossible to
distinguish clearly between exophoria and exotro-
pia or, from a clinical point of view, to consider
them as different entities. Therefore exophoria,
intermittent exotropia, and exotropia will be dis-
cussed together, but efforts will be made to point
out distinguishing features among these condi-
tions. We should point out, however, that these
three entities present with differential clinical fea-
tures. A decompensation of exophoria is noticed
quite soon as it is always accompanied by diplo-
pia. Children will often close one eye and com-
plain about visual disturbances. On the other hand,
monocular eye closure in intermittent exotropia
has a different explanation, as will be discussed
later in this chapter. Subjective symptoms are usu-
ally absent and this condition may not be readily
recognized by the parents. In constant exotropia,
binocular vision is absent and no symptoms are
present.

PREVALENCE. Exodeviations occur less fre-
quently than esodeviations. During ophthalmic
screening of 38,000 children aged 1 to 21⁄2 years
and observed at child welfare clinics in Israel,
Friedmann and coworkers62 detected strabismus in
498 infants, of whom 72.2% had esotropia and
23% exotropia. This ratio of approximately 1:3 in
the prevalence of exotropia and esotropia has also
been established in surveys from Scandinavia,61, 134

Great Britain,66 western Canada,103 and the United
States.43, 161 We have the distinct impression, based
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on having been involved in the screening of popu-
lations in other parts of the world, that exodevi-
ations occur more commonly in the Middle East,
subequatorial Africa, and the Orient than in the
United States. They appear to occur least com-
monly in central Europe. On the other hand, Chew
and coworkers43 reported no difference in the fre-
quency of exodeviations in white and African-
American children in the United States.

In comparing the prevalences reported from
different countries, Jenkins94 made the interesting
observation that the nearer a country is to the
equator, the higher the prevalence of exodevi-
ations. A comprehensive epidemiologic study in
which ethnic population differences87 and even
climatic and heliotropic54 factors are considered is
needed to explore the significance of these obser-
vations. The implication of a recent report that the
prevalence of systemic and ocular disease is
higher during the first year of life in children with
exotropia than in those with esotropia82 is not at
once obvious.

AGE OF ONSET AND NATURAL HISTORY. Con-
trary to common belief, onset of the majority of
exodeviations is shortly after birth. In Costenbad-
er’s44, p. 353 series of 472 patients with intermittent
exotropia of the divergence excess type, the devia-
tion was present at birth in 204 and appeared in
16 at 6 months of age and in 72 between 6 and
12 months of age. In only 24 of his patients did
exotropia develop after 5 years of age. Krzyst-
kowa and Pajakowa105 reported the age of onset
to be before 2 years of age in 34.5% of their
patients; Hall,70 in 37%; and Holland,80 in 70%.
In a more recent study, the mean age at diagnosis
was 7.8 months.16

It is not always possible to ascertain by history
alone whether a constant exotropia was present at
birth or occurred shortly thereafter or was pre-
ceded by a period of intermittency. Yet such infor-
mation would be important in assessing the prog-
nosis. In the latter instance the chances for
restoring normal binocular functions are better
than in the former. Moore and Cohen128 reported
that fusion was unattainable after surgical align-
ment in patients with a genuine ‘‘congenital’’ exo-
tropia.

Jampolsky91 made the point that, with rare ex-
ceptions, exodeviations begin as an exophoria that
may deteriorate into intermittent and constant exo-
tropia as suppression develops. He considered sup-
pression to be the key that unlocks the fusion

mechanism. Such deviations usually occur first at
distance and later at near fixation. Obviously, the
prognosis for recovery of normal binocular func-
tion is infinitely better in patients who experience
a long phase of intermittency than in those with a
manifest deviation since early childhood.

Factors that may influence progression are the
decrease in tonic convergence with advancing age,
development of suppression, gradual lessening of
accommodative power, and increased divergence
of the orbits with advancing age. Progression may
take several forms. The deviation may increase at
near or at distance fixation,97, 130 exophoria may
become intermittent or change to manifest exotro-
pia, or suppression may develop.

Burian27 observed that the divergence excess
type of deviation tends to remain more or less
stable, whereas with simulated divergence excess
the near deviation tends to increase. In patients
with the convergence insufficiency type of devia-
tion, binocular function degenerates rapidly and
progressively, and in those with a basic exotropia
there is a tendency for the deviation to increase or
for secondary convergence insufficiency to de-
velop.

The generally progressive nature of the disease
has important therapeutic implications in regard to
indications for and timing of surgery. At this point,
therefore, it is necessary to emphasize that not all
exodeviations are progressive and that some re-
main unchanged over many years of observation;
in fact, some improve without therapy.57, 78 Von
Noorden135 followed for an average of 3.5 years
51 patients ranging from 5 to 10 years of age
with intermittent exotropia who, for one reason or
another, were not operated on. One or more signs
of progression, as defined above, were present in
75%, no change occurred in 9%, and 16% im-
proved without therapy. From these studies, it
follows that patients with intermittent exodevi-
ations need to be evaluated over a period of time
to ascertain whether progression is taking place
and surgery is warranted, particularly those in
whom a constant deviation is present less than
50% of the time.

Constant, infantile exotropia with an onset
shortly after birth and with a large angle deviation
that does not change at near and distance fixation
may also occur and its clinical characteristics are
said to be similar to those in infantile esotropia.158

An association between early-onset exotropia with
a large angle and delayed visual maturation has
been reported.184
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SEX DISTRIBUTION. Several authors have com-
mented on the preponderance of women in a popu-
lation of patients with exodeviations. Cass37 re-
ported a prevalence of 62 (70%) women in 88
patients; Gregersen,67 61% women in 231 patients;
and Krzystkowa and Pajakowa,105 67% women in
620 patients with exodeviations.

REFRACTIVE ERRORS. The prevalence of refrac-
tive errors associated with exodeviations varies
according to different investigators. Donders48

found 70% of ‘‘comparatively high’’ myopes in a
group of 100 patients with exotropia and con-
cluded that reduction of accommodation in such
patients is pivotal in the etiology of exodeviations.
From more recent studies,28, 67, 105, 161 it appears,
however, that distribution of refractive errors in
exotropes resembles that in the nonstrabismic pop-
ulation and that the etiology usually is unrelated
to the underlying refractive error.

SIGNS AND SYMPTOMS. Generally, signs and
symptoms of exodeviations are no different from
those observed in patients with other forms of
strabismus, as discussed in Chapter 10. Patients
with exophoria commonly complain of eyestrain,
blurring of vision, difficulties with prolonged peri-
ods of reading, headaches, and diplopia. Children
with intermittent or constant exodeviations are less
frequently symptomatic because, unless the devia-
tion is of recent onset, a well-developed suppres-
sion mechanism eliminates diplopia.95 On the
other hand, adults with intermittent exotropia are
commonly symptomatic, and their complaints are
not different from those with inadequately com-
pensated exophorias.

PHOTOPHOBIA. One symptom that deserves
special comment is photophobia, for it occurs
commonly in association with intermittent exode-
viations. In spite of the frequency of its occur-
rence,81, p. 219; 100, p. 234; 113; 146 little if any attempt has
been made in the literature to satisfactorily explain
photophobia in connection with exodeviations. It
has been assumed that when a child is outdoors
and looking at infinity, there are no near clues
to stimulate convergence and that bright sunlight
dazzles the retinas so that fusion is somehow
disrupted, causing the deviation to become mani-
fest.118 These explanations imply that one eye is
closed to avoid diplopia and visual confusion.
This view is held, for instance, by Wang and
Chryssanthou,75 who found that patients with
anomalous retinal correspondence are less apt to
complain about photophobia than those with nor-

mal correspondence. Jampolsky89 assumes that the
intermittent exotrope shuts one eye in bright light
to avoid the many perceptual visual field changes
that take place in bright light diffusion, which
in turn may trigger the ‘‘hemiretinal suppression
mechanism’’ (see pp. 218, 365).

Wirtschafter and von Noorden183 demonstrated
that bright light adversely affects the amplitude of
fusional convergence in patients who maintain a
delicate balance between exophoria and intermit-
tent exotropia (see also Campos and Cipolli36).
Orthophoric patients, those with exophoria and
adequate fusional amplitudes, and those with well-
established intermittent exotropia were not af-
fected in this manner. Eustace and coworkers54

also noted that bright light causes exophoria to
become manifest and suggested the use of photo-
chromatic lenses to relieve photophobia in such
patients. Graefe65 reported an increase in the devi-
ation at near fixation under the influence of bright
light in patients with exophoria.

It is a common misconception that habitual
monocular eye closure in bright sunlight is limited
to intermittent exotropes and that eye closure is
triggered by diplopia. Wiggins and von Noorden180

observed photophobia predominantly in intermit-
tent exotropes but also in constant exotropia, eso-
tropia, and normal subjects. None of the subjects
was aware of diplopia before closing one eye or
under any other circumstances. The common fac-
tor in these patients was a significantly decreased
binocular photophobia threshold, which was mea-
sured by exposure to an intense artificial illumina-
tion. This finding was unrelated to the presence or
absence of anomalous correspondence as proposed
by Wang and Chryssanthou.175 The significance of
these results and the reason for the highest inci-
dence of photophobia in the intermittent esotropia
group remains elusive at this time.

MICROPSIA. Another less well-known symp-
tom of intermittent exodeviations is micropsia. We
have seen several patients with this anomaly since
we first became aware of it through the patient in
Case 17–1.

CASE 17–1

This 21-year-old woman has had intermittent exotro-
pia since childhood. Her right eye had been operated
on by another ophthalmologist. She described her
current problem as follows: ‘‘When I look in the
distance, things go in and out of focus and then get
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much smaller, like looking through the wrong end
of binoculars.’’ Examination revealed an intermittent
exotropia of 22� at distance and 18� at near fixation.
The deviation was fused at distance but changed
from exophoria to exotropia, and the angle increased
as soon as the patient was asked to read the 6/6
line on the acuity chart.

Clearly, the patient in Case 17–1 used accom-
modative convergence to control her exodeviation
at distance. Since convergence and accommoda-
tion are associated with objects appearing smaller
and closer, micropsia was experienced whenever
these mechanisms were involved.

EXAMINATION AND SPECIAL TESTS. In addi-
tion to the testing procedures outlined in Chapters
12 and 13, several comments need to be made
regarding tests specifically applicable to patients
with exodeviations.

OCCLUSION TEST OF SCOBEE-BURIAN. The
occlusion test for differentiation between true and
simulated divergence excess patterns is important
because, as discussed under surgical management
on page 368, the outcome of this test determines
our choice of surgical procedure. Scobee163, p. 172

pointed out that in patients with intermittent exo-
deviations the angle of exotropia elicited by the
alternate cover test is greater at distance more
often than at near fixation. By unilaterally occlud-
ing the eyes of such patients for 24 hours or by
teaching them voluntary relaxation of conver-
gence, he found that exotropia would increase at
near fixation and become greater than at distance
fixation. He explained control of the near devia-
tion on the basis of the greater fusional stimuli
provided by an object at near, such as the larger
size of the retinal images, the increased brightness
and proximity of the object, and the effect of
accommodative convergence. Burian26 reported in-
dependently that in many patients with an appar-
ent divergence excess type of deviation, only brief
periods of unilateral occlusion (30 to 45 minutes)
are sufficient to cause an increase in the near
deviation so that it equals or even exceeds that at
distance fixation. He described such patients as
having simulated divergence excess and distin-
guished this group from those in whom the near
deviation is not influenced by brief periods of
occlusion (true divergence excess type).

In addition to the factors enumerated by Scobee
to explain this phenomenon, we believe that ex-
tremely active convergence tonus during child-
hood may be a factor in obscuring the exodevia-

tion at near fixation. This mechanism enables
patients with a basic deviation to keep their eyes
aligned for near vision but not for distance vision,
where convergence is less active. Momentary dis-
ruption of fusion by alternately covering each eye
in a rapid fashion, as during the prism and cover
test, is obviously insufficient to disrupt this power-
ful compensatory mechanism that may have been
exerted during all waking hours for years
(vergence aftereffect, p. 202). Kushner introduced
the term ‘‘tenacious proximal fusion’’ for the per-
sistent convergence innervation that hides the exo-
deviation at near fixation.109, 110 This term seems
awkward and does not add to the clarification of
the issue. The term ‘‘convergence aftereffect’’ is a
more appropriate description of this phenomenon.

One of the reasons why most patients with
intermittent exotropia do not use fusional conver-
gence also to overcome the exodeviation at dis-
tance fixation may be that the basic exodeviation
is larger at distance than at near fixation and
exceeds the limits of the fusional convergence
amplitude. Other factors to be considered are the
lack of proximal stimuli at distance fixation and
the unaccustomed and difficult task of converging
upon visual objects at infinity.

The patch test is illustrated in Figure 17–1.
Momentary binocular stimulation may reinstate
the mechanism by which the patient controls the
deviation at near fixation. Thus before the mea-
surement after the patching period, the fellow eye
must be occluded before the patch is removed;
one may then proceed in the usual manner with
the prism cover test. Whether the dominant or
nondominant eye is occluded does not seem to
influence the results of this test.132 Publications in
the European literature frequently and unjustifia-
bly refer to the patch test as ‘‘Marlow occlusion.’’
Marlow119 used unilateral occlusion of the domi-
nant eye for as long as 1 to 2 weeks in nonstrabis-
mic patients to ‘‘relax the muscles’’ and unmask
horizontal or vertical heterophorias of a magnitude
not exceeding a few prism diopters. If an eponym
is to be attached to the patch test, which is differ-
ent from the Marlow test in purpose and execu-
tion, it would be more appropriate to name the
test after Scobee and Burian.

In a group of 46 patients in whom the exodevi-
ation was greater at distance than at near fixation,
von Noorden136 found a true divergence excess
pattern in only 14; in the remainder the occlusion
test revealed simulated divergence excess. In 237
consecutive patients with exodeviations, Burian
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FIGURE 17–1. The patch test. A–C, Alternate cover test has revealed an exotropia that is significantly
(15�) smaller at near than at distance fixation. D, Patch is placed over one eye for 1 hour to thoroughly
dissociate the eyes. E, Before removal of the patch the fellow eye is covered with an occluder. After
the patch has been removed, it is important to prevent the patient from using the eyes together,
even momentarily, since only a brief binocular exposure may be sufficient to again obscure the near
deviation by fusional convergence. F, Patch has been removed. G and H, If simulated divergence
excess (basic exotropia) is present, rapid alternate covering will reveal a markedly increased near
deviation that may match or even exceed the distance deviation, whereas with true divergence
excess the near deviation will remain unchanged. (From Noorden GK von: Atlas of Strabismus, ed 4.
St Louis, Mosby–Year Book, 1983.)

and Franceschetti29 found only 10 with a true
divergence excess pattern. Thus it seems that the
majority of patients with exodeviations in whom
the deviation at distance fixation exceeds that at
near belong in the simulated divergence excess
category.

�3.00 SPHERICAL LENS TEST. The effect of
brief periods of unilateral occlusion on an exode-
viation at near fixation must not be confused with
the effect of �3.00D spherical lenses. Occlusion
removes the vergence aftereffect, whereas �3.00
lenses suspend accommodation and thus accom-
modative convergence. Elimination of the accom-
modative requirement at near fixation will have
little influence on the positions of the eyes in a
patient with an exodeviation and a low AC/A
ratio; the angle of strabismus will increase only
slightly when measured through �3.00 lenses. On

the other hand, with a high AC/A ratio, if the
deviation is measured through �3.00 lenses, it
will increase substantially at near fixation and
under certain circumstances may equal that at dis-
tance.

This information may be clinically important
for several reasons. Brown22 suggested that preop-
erative determination of the AC/A ratio may be
helpful in predicting the extent to which a patient
may respond to plus lenses when surgical overcor-
rection is obtained. Also, a patient with a high
AC/A ratio and a basic exodeviation will manage
to keep the eyes aligned when exerting normal
accommodative effort at near fixation. Such a pa-
tient will respond well to minus lenses prescribed
to reduce the distance deviation. Brown23 and Jam-
polsky92 have commented on the high incidence
of high AC/A ratios in patients with exodevi-
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ations. On the other hand, von Noorden,136 who
determined the AC/A ratio over a range of 6D
with �3.00 and �3.00 lenses in 46 patients with
an apparent divergence excess, found that the AC/
A ratio ranged from 3.3 to 9.

The purpose and interpretation of the Scobee-
Burian and the �3.00 spherical lens tests are
frequently confused in the literature. It must be
understood that plus lenses do not uncover a devi-
ation that is held in check by accommodative
convergence, similar to uncovering by occlusion
a deviation that is kept latent by the vergence
aftereffect. The increase of the exodeviation under
the influence of plus lenses is triggered by opti-
cally reducing the accommodative demand, a situ-
ation that is artifically induced by the examiner
and different from ordinary conditions of seeing.
Since different mechanisms are involved in the
occlusion and �3.00 lens tests, it can be expected
that patients with an apparent divergence excess
type of deviation may respond differently to each
test. That this is indeed so was shown by Burian
and Franceschetti.29 With respect to the choice
of surgical procedure, we rely primarily on the
occlusion test.

MEASUREMENT OF THE DEVIATION. Methods
for determining the angle of strabismus are de-
scribed in Chapter 12, and only a few special
comments need be made in this chapter in connec-
tion with exodeviations. We have mentioned that
young patients with an exodeviation may use vol-
untary convergence to overcome the deviation at
near fixation, and in certain cases this compensa-
tory mechanism may extend so as to control the
deviation at distance fixation as well. Voluntary
convergence then is enlisted to maintain single
binocular vision at distance fixation. These pa-
tients obviously put up with the induced myopia
and prefer blurred and single vision over sharp and
double vision. Unless the target used for distance
fixation forces patients to relax accommodation,
and with it convergence, true deviation of the
eyes at distance fixation may remain concealed.
Therefore, we prefer to measure the angle of stra-
bismus at distance while a patient reads the 6/9
line on the visual acuity chart. To recognize these
letters, the patient must relax accommodation.
When a patient with an exodeviation complains
about intermittent blurred vision at distance, an
accommodative spasm based on this mechanism
must be considered. This situation may be confus-
ing to the inexperienced ophthalmologist, who

finds visual acuity at distance to be decreased but
who on refraction is unable to detect myopia in
spite of the patient’s complaints. Determination of
binocular visual acuity is a simple method of
detecting accommodative spasm in patients with
exodeviations.15, 24, 165 When accommodative
spasm is present, binocular visual acuity will be
significantly reduced in comparison with uniocu-
larly obtained visual acuity (see Chapter 22).

Another important aspect to be considered
when measuring the angle of deviation in patients
with exodeviations is the testing distance. White179

was the first to point out that to elicit the maximal
deviation, measurements should be performed at
fixation distances greater than 6 m. Many investi-
gators agree with this modification of testing pro-
cedure38; 92; 98, p. 364; 107 since a larger angle of devia-
tion may be detected and, more important, the
fusional state of the patient may be revealed under
a more natural visual condition than within the
confines of an examination lane. Burian and
Smith30 noted the exodeviation to increase sig-
nificantly in 31 of 105 patients when measured at
30 m.

Mention should be made also about the vari-
ability of fusional control in patients with intermit-
tent exotropia. The extent to which an exodevia-
tion is controlled by fusion depends not only on
the size of the angle but also to a large extent on
the general health, alertness, attention span, and
level of anxiety of the patient at the time of
examination. Considerable variation in the degree
of fusional control from one examination to an-
other is not a surprising finding. Repeated exami-
nations, preferably at different times during the
day, are required to assess the clinical situation
thoroughly. For instance, a child who, when seen
in the morning, may fuse steadily at near and
distance fixation in spite of a large exophoria
may exhibit manifest exotropia without fusional
recovery in the late afternoon. The opposite also
may be observed. For instance, a patient with
unstable fusion in whom the deviation is mostly
intermittent or manifest on repeated examinations
may exhibit transient improvement of fusional
control when admitted for surgery. Obviously,
anxiety associated with the impending operation
releases extra energy, permitting the patient to
keep the eyes aligned. This should not deter the
experienced surgeon from proceeding as planned
with the operation. We have observed on several
occasions that a less experienced physician may
become intimidated by this apparent improvement
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and send a patient home without surgery who will
then have to be readmitted at a later date.

Finally, attention must be paid to the angle of
deviation in lateral gaze. Parks146 recommended
decreasing the amount of recession of the lateral
rectus muscles ordinarily done for an exodeviation
in primary position when the measurements in
right and left gaze show less exodeviation than in
the primary position. This impression was con-
firmed by Moore,127 who reported that surgical
overcorrection is likely to occur in patients with
intermittent exotropia whose deviation decreases
in lateroversion as compared with the primary
position (lateral gaze incomitance). This was true
regardless of the type of intermittent exodeviation
or type of surgery used. A 20% or greater decrease
in the lateral gaze deviation is considered to be
significant.100 Moore did not mention whether, as
might be expected, her patients with lateral gaze
incomitance had limitation of abduction. However,
her findings are in accordance with our philosophy
that it is not advisable to perform a conventional
amount of recession on an already underacting
muscle. We confirmed the occurrence of lateral
gaze incomitance in 55 of 92 exotropic patients
and found that the decrease in the deviation in
lateral gaze was asymmetrical in most instances.121

Caldeira32 reported similar findings. Reduction of
the surgical dosage is advisable when the decrease
in the deviation in lateral gaze is significant.121, 127

To avoid false measurements in lateral gaze, care
must be taken not to rotate a loose plastic prism
but to keep its back surface perpendicular to the
optical axis of the eye.155

SENSORIAL ADAPTATIONS. The sensory behav-
ior associated with exodeviations differs in several
respects from that in patients with esodeviations,
which may be caused partly by differences in
evolution of the disease. Anatomical and possibly
physiologic variances between nasal and temporal
retina are other factors held responsible for differ-
ences in the characteristics of sensorial adaptations
in these two conditions.55, 131 In patients with the
divergence excess type of exodeviation, a latent
strabismus at near fixation often coexists with
a manifest strabismus at distance fixation. Thus,
normal binocular vision is constantly being rein-
forced, and sensorial adaptations are infrequent or,
when present, are only superficially established.
Deep amblyopia with eccentric fixation is a rare
finding with an exodeviation and limited to unilat-
eral deviations, usually caused by partial or com-

plete oculomotor paralysis. Likewise, deep-seated
anomalous retinal correspondence occurs primar-
ily with unilateral constant exotropia.79 The major-
ity of patients have an alternating type of strabis-
mus with normal visual acuity in each eye and
suppression of the nonfixating eye. In patients
with intermittent exotropia, normal and anomalous
retinal correspondence may coexist (see Chapter 13),
and the afterimage test may indicate abnormal corre-
spondence with one eye deviated and normal retinal
correspondence with the eyes aligned.25; 81, p.198

In certain patients with a large angle constant
exotropia the results of sensory testing with a red
glass may reveal a most puzzling finding. The
patient will report paradoxical, that is, uncrossed,
diplopia.1, 17, 37, 45, 47, 60 Homonymous localization
of all binocularly perceived images is present.
This confusing situation, which has been referred
to as panoramic vision, seems to indicate a lack
of any retinal correspondence, normal or abnor-
mal, as though each eye functioned independently
of the other. Indeed, it has been suggested that
such patients may have regressed to a latently
present, lower phylogenetic level at which the
visual messages from each eye are independently
received in the visual cortex.47 Tests for retinal
correspondence yield confusing results since some
patients seem to be unable to relate one afterimage
to the other.60 Abraham1 suggested that such pa-
tients suffer from a congenital absence of binocu-
lar function. However, we have occasionally ob-
served recovery of normal binocular vision after
surgical alignment (see also Forrer60). We have
been unable thus far to find a satisfactory explana-
tion for this phenomenon, but have been impres-
sed by the functional benefit some exotropic pa-
tients derive from panoramic vision, as shown in
the following case.

CASE 17–2

A 46-year-old mailman servicing a rural mail route
came for surgical correction of an exotropia that had
been present since childhood. He was concerned
about his appearance, but had no visual complaints.
His uncorrected visual acuity was 6/6 OU, and he
had a constant exotropia of 50� at near and distance
fixation. He strongly preferred OS for fixation. The
afterimage test showed suppression of OD. With a
dark-red glass the patient indicated homonymous
diplopia. After surgical alignment the patient re-
gained peripheral fusion without stereopsis. How-
ever, he was most displeased with the result. Be-
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fore surgery he had been able to keep his left eye
on the road when driving his truck while scanning
the mailboxes with his right eye. After surgery he
found his field of vision substantially reduced, and it
took several months of adjustment before he was
able to resume his occupation.

While enlargement of the field of vision may
be experienced as a functional advantage by some
patients with a large exodeviation, the opposite is
true for esotropia where the field of vision is
restricted and enlarges after surgery (see p. 333).

Jampolsky88 and Pratt-Johnson and Wee150

showed that suppression in patients with exodevi-
ations may be regional; that is, the scotoma ex-
tends from the fovea into the temporal retinal
periphery (Jampolsky88) or, in the case of alternat-
ing constant exotropia, may include the entire
temporal and nasal retina of the deviated eye.150

Campos35 pointed out that the hemianopic sup-
pression scotoma reported by Jampolsky can be
found only when putting a dense red filter before
the fixating eye. When using a less dissociating
method (e.g., Bagolini striated lenses), the sco-
toma extended well beyond the midline into the
nasal retina (Fig. 17–2).

In view of these findings (see also Chapter 13)
the concept of ‘‘hemiretinal suppression’’ becomes
untenable. The great variations in location and
size of suppression scotomas in patients with inter-
mittent or manifest exodeviations was emphasized
also in the studies of Herzau77 and of Awaya and
coworkers.4

Stereoacuity deteriorates concomitantly with
loss of fusional control in patients who have inter-

FIGURE 17–2. Left, Binocular visual field of a patient with right exotropia of 50 prism diopters. The
suppression scotoma in the left eye overrides the midline and extends well into the nasal field when
the binocular visual field is tested with a nondissociating technique consisting of a fixation light and
striated glasses before both eyes of the patient. Right, When plotting the field with a dissociating
dark-red filter over the left eye and a striated glass before both eyes, a hemianopic scotoma is
detected which must be considered an artifact.

mittent exodeviations.168 Awaya and coworkers5

and Ikeyama and Awaya85 made the astonishing
observation that some patients with exotropia may
preserve normal stereoacuity by rapid alternation.

Therapy

As stated on page 358, fundamental differences
exist between exodeviations and esodeviations in
terms of many clinical characteristics. Since fu-
sion can be restored in a substantial number of
patients and since normal binocular function may
be present even in the preoperative stage during
the exophoria period of intermittent exotropia, the
less experienced ophthalmologist is inclined to
approach treatment of this condition with brazen
optimism—a functional cure seems to be just
around the corner. However, as experience grows,
it will become apparent to most that treatment of
intermittent exotropia may be quite difficult and
frustrating. Because functional restoration of bin-
ocular vision is apparently within easy reach, a
partial or perhaps temporary improvement by sur-
gery followed by subsequent deterioration of bin-
ocular function is doubly disappointing to the sur-
geon and patient.

NONSURGICAL TREATMENT. Therapy is not re-
quired for patients who have exophoria without
muscular asthenopia. The treatment of sympto-
matic exophoria and intermittent and constant exo-
deviations is generally surgical. However, certain
nonsurgical measures may be indicated to create
optimal sensory conditions before surgery or,
when surgery must be postponed, to reinforce fu-
sion during the waiting interval. The functional
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prognosis is poor when constant exotropia occurs
in early infancy and when there is no history of
intermittency. Preoperative treatment is not re-
quired.

CORRECTION OF THE REFRACTIVE ERROR
AND THE USE OF MINUS LENSES. Significant
refractive errors, especially astigmatism and aniso-
metropic differences, should be corrected in pa-
tients with intermittent exodeviations to create
sharp retinal images, which in turn increase the
stimulus to fuse. Full correction is advisable in
myopic patients to maintain active accommodative
convergence. Whether hypermetropia should be
fully corrected, partially corrected, or corrected at
all depends entirely on its degree, the age of the
patient, and the AC/A ratio. Since correction of
any hypermetropic refractive error will decrease
the demand on accommodative convergence and
thus increase the exodeviation, each patient should
be evaluated on an individual basis. As a rule, we
do not correct a hypermetropia of less than
�2.00D sph in children with exodeviations. In
the older patient, correction of the hypermetropia
is usually necessary to avoid refractive asthenopia,
even though an underlying exophoria that was
previously controlled by accommodative conver-
gence then may become manifest and require ther-
apy.

An exophoric patient with beginning presby-
opia presents a special problem. As the accommo-
dative range decreases, the exodeviation will in-
crease and cause symptoms. Before one assesses
the increased exodeviation in such patients, it is
important to correct any underlying hypermetropia
as well as prescribe the weakest bifocal lens that
will permit comfortable near vision. If this fails
to alleviate the patient’s visual discomfort, we
prescribe prisms base-in for near vision. Only
about half of the exodeviation should be corrected
prismatically to stimulate rather than relax accom-
modative convergence.

If the AC/A ratio is sufficiently high, minus
lenses may be used to decrease an exodeviation
by stimulating accommodative convergence.112 In
younger children with the convergence insuffi-
ciency type of exodeviation, minus lenses pre-
scribed as lower segment bifocals may be of func-
tional benefit as a temporizing measure, and in
those with the divergence excess type of exodevia-
tion, minus lenses prescribed as upper segment
bifocals may be beneficial. Thus normal binocular
stimulation can be reinforced while the child is
awaiting surgery. Jampolsky90, p.150 makes the point

that 3D to 5D of accommodation stimulation with
minus lenses is well tolerated by many children.
He also observed that patients with orthophoria at
near fixation and intermittent exotropia at distance
fixation may become exophoric at near fixation
under the influence of minus lenses.91 It is of
interest that this initial esophoria is replaced by
orthophoria within a matter of weeks. When the
minus lenses are removed, an exodeviation may
then be present at near fixation, indicating a tran-
sient change in the AC/A ratio. Jampolsky be-
lieves that surgical alignment of the eyes is facili-
tated by this change and advocates operating
during this period. Caltrider and Jampolsky34 re-
ported that a significant number of patients from
a group with intermittent exotropia treated by
means of overcorrecting minus lenses manifested
improved fusion as well as a decrease in their
original deviation. This response persisted for as
long as 1 year after therapy was discontinued in
70% of those who showed improvement. We use
this form of therapy sparingly and, at most, only
as a temporizing measure in patients with a high
AC/A ratio. Stimulation of accommodation with
minus lenses is tolerated well by younger children,
does not cause myopia,111 but may cause accom-
modative asthenopia as the child grows older and
the amount of near work increases.64

PRISMS. Although most ophthalmologists advo-
cate the use of prisms in the surgically overcor-
rected exotrope (see consecutive esotropia, p.
372), some use prisms preoperatively to improve
fusional control.148, 174, 177 Bérard11 corrects one half
to one third of the deviation in a preoperative
trial to enforce bifoveal stimulation. Ravault and
coworkers153 claimed that surgery may be avoided
in certain patients in whom a satisfactory func-
tional result is obtained by means of full prismatic
correction of the deviation, followed by gradual
reduction of the prismatic power. Following sur-
gery, Jampolsky88 recommended overcorrection of
a residual exodeviation with prisms to elicit diplo-
pia and to stimulate fusion (see also Hardesty71, 72).
We do not use prisms preoperatively.

ORTHOPTICS. Knapp98, p.368 summarized the opin-
ion of most strabismologists by stating that or-
thoptics should not be used as a substitute for
surgery but rather as a supplement. With the ex-
ception of energetic preoperative treatment for
amblyopia, we rarely use orthoptics before sur-
gery. Even though some authors advocate such
therapy, especially for suppression in patients with
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intermittent deviations42, 83, 117, 160 and anomalous
retinal correspondence,40 it has not been proved
that surgical results are functionally superior to
those in patients who have not received or-
thoptics2, 126, 173 or that surgery can be avoided
altogether by using this form of treatment. Flynn
and coworkers59 observed an improved sensory
state and better motor control in a group of pa-
tients with intermittent exotropia who were treated
with alternating occlusion. The dominant eye re-
ceived occlusion more frequently than the non-
dominant eye (see also Knapp99 and Iacobucci
and Henderson84). We have occasionally found it
beneficial to use alternating occlusion in lieu of
surgery in patients with small angle intermittent
exodeviations, as shown in Case 17–3.

CASE 17–3

A 5-year-old girl presented with a history of intermit-
tent exotropia at distance fixation. Measurements
showed orthotropia at near and an exophoria of 10�

distance fixation. The distance deviation was easily
dissociated and the patient did not spontaneously
re-fuse. The patch test was negative. An insignifi-
cant hypermetropic refractive error was present.
Stereopsis at near was 60 seconds of arc on the
Titmus test and no stereopsis could be elicited at
distance with the Mentor B-VAT. In view of the small
deviation at distance we decided against surgery
for fear of causing an overcorrection. We ordered
alternating occlusion instead and after 3 months
the patient fused at near and distance. She had an
esophoria of 3� at near and distance. Stereopsis had
improved to 15 seconds of arc at near and 60 sec-
onds of arc at distance fixation. After 3 months
without treatment the findings were the same.

Intensive orthoptic treatment may be indicated
postoperatively when suppression persists or if a
convergence insufficiency type of exodeviation is
present. Inagaki and coworkers86 reported abolish-
ment of suppression and development of sensory
and motor fusion by treatment consisting of preop-
erative simultaneous bifoveal stimulation with a
checkerboard pattern in patients with constant and
intermittent exotropia.

Surgical Treatment

INDICATIONS FOR SURGERY. The need for sur-
gery is determined by the state of fusional control,
the angle size of deviation, and the age of the
patient. In patients with manifest exotropia present

at or shortly after birth with no history of intermit-
tency, surgery should be performed as soon as
reliable and constant measurements can be ob-
tained, the patient can alternate freely, and the
angle of deviation measures at least 15�. We usu-
ally operate on such children when they are be-
tween 1 and 2 years of age. In adults with a large
angle constant exodeviation, surgery is performed
as soon as the diagnosis has been established. The
prognosis for return of normal binocular function
in such cases is poor when the deviation has
been present since early childhood. Such patients
usually retain a residual small angle exotropia
with alternating fixation. However, exceptions to
this rule do occur, and we have seen several pa-
tients who had a history of manifest exotropia for
many years in whom unexpected and fortuitous
return of normal binocular vision with stereopsis
occurred after surgical alignment of the eyes (see
also Ball and coworkers9).

Surgical treatment of intermittent exotropia or
of constant exotropia preceded by a long period
of intermittency is directed at normalization of
binocular function. There is good evidence for an
improvement of distance stereoacuity after
surgery.144, 186 Unless there is definite evidence of
existing defective binocular vision, surgery should
be preceded by several months of observation
since the disease does not progress in all patients68,

128, 135 (see p. 359). Signs of progression include
gradual loss of fusional control as evidenced by
increasing frequency of the manifest phase of the
strabismus. A patient whose eyes turn outward
only occasionally and who is asymptomatic does
not need surgery. However, when the exotropia
occurs during more than 50% of waking hours or
causes asthenopic problems, surgery should be
performed. Other signs of progression are devel-
opment of a secondary convergence insufficiency,
an increase in size of the basic deviation, develop-
ment of suppression as evidenced by absence of
diplopia during the manifest phase of the strabis-
mus, or decrease of stereoacuity. If one or several
of these signs or symptoms are present when the
patient is first examined or if they develop while
the patient is under observation, surgery must be
considered. An asthenopic patient with exophoria
may require surgery if the deviation cannot be
controlled with prisms.

The most desirable age at which surgery should
be performed for intermittent exodeviations has
been a matter of some dispute. Jampolsky90 prefers
to delay surgery in visually immature infants to
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avoid overcorrection. In the interval, he reinforces
fusion with minus lenses or prevents development
of suppression by means of alternating occlusion.
On the other hand, Knapp98 is an advocate of early
surgery for treatment of intermittent exotropia, a
view shared by other authors.3, 50, 146, 151, 156 More
recently, however, Baker and coworkers8 found in
a comparative study that patients operated on after
the age of 4 years had better functional results.

We prefer to delay surgical intervention for
intermittent exotropia in young children, since we
share Jampolsky’s concern about the effects of a
consecutive esotropia in a visually immature child.
Unfortunately, in such patients, good preoperative
visual acuity in each eye with normal stereoacuity
may have been exchanged for persistent monocu-
lar esotropia with amblyopia, loss of stereopsis,
and the development of anomalous retinal corre-
spondence. Edelman and coworkers52 reported that
5 of 24 children who developed consecutive eso-
tropia after surgery for exotropia before the age
of 4 years became amblyopic. Even when surgery
was delayed until the age of 4 to 6 years, amblyo-
pia still occurred in 3 of 39 patients.

Although the prevalence of consecutive con-
stant esotropia in patients under 5 years of age
has been reported to be only 10%,96, 120, 151 we have
witnessed this unfortunate event in a sufficient
number of our patients to advocate delaying sur-
gery until the child has reached at least 4 years of
age. In the interim, binocular vision should be
reinforced with prisms base-in or minus lenses.
Surgery at an earlier age should be considered
only if there is a rapid functional deterioration of
fusional control in spite of nonsurgical therapy or
if the deviation is constant.

Finally, the size of the deviation determines
the decision to operate. The angle of primary
exodeviations generally exceeds 20�, and unlike
the situation in esotropia, small angle exodevi-
ations are rare. If for functional reasons surgery is
indicated, the deviation should measure at least
15� at distance or near fixation before a procedure
is carried out. Patients are seldom self-conscious
or embarrassed by strabismus of this magnitude
and surgery usually is not performed unless the
deviation measures at least 20� to 25�.

GOALS OF SURGERY. Although the aim of most
operations for strabismus is to align the eyes as
nearly as possible, many ophthalmologists have
proposed that for intermittent exodeviations a
small surgical overcorrection is desirable, since it

appears that functional results will be more sta-
ble.12; 41; 53; 64; 81, p. 645; 90; 98; 152; 154; 164; 185 Raab and
Parks152 proposed that the surgeon should strive
for an overcorrection of 10� to 20�. Lesser degrees
of overcorrection have been associated with recur-
rence of the exodeviations after some time has
elapsed. A higher degree of overcorrection will
necessitate further surgery for consecutive esotro-
pia. Proponents of deliberate overcorrection cite
the therapeutic value of postoperative diplopia in
stimulating development of fusional vergences and
thus in stabilizing eventual alignment of the eyes.
On the other hand, it has also been shown that an
initial overcorrection does not guarantee a desir-
able final outcome.159 Dunlap51 observed that the
difficult element in striving for overcorrection is
knowing how to produce some, but not too much
of it. In one series of his patients the prevalence
of unintended overcorrection was 40%, whereas
Cooper,41 who deliberately attempted to overcor-
rect his patients, reported a prevalence of only
37%. Since introduction of adjustable sutures this
unpredictability has become less of a problem.

We are in agreement with those who believe
that a small angle of consecutive esotropia in the
immediate postoperative phase is desirable and
tends to stabilize a functional result, even though
such deviations occasionally may persist for a
long time and cause problems of management (see
Case 17–4). However, we have been unable to
accomplish this goal other than by pure chance or
by postoperative suture adjustment.

As pointed out above, surgical overcorrection,
as beneficial as it may be in the older child or
adult, must be avoided under all circumstances in
visually immature children in view of the disas-
trous consequences of a small angle esotropia in
this age group. On the other hand, Schlossman
and coworkers162 concluded from their data that
adult patients do better with slight undercorrection
rather than overcorrection after surgery, provided
the residual exodeviation remains under 15�.

Although it may be difficult or even impossible
to plan surgery to achieve a small, beneficial
amount of overcorrection, there may be ways to
avoid overcorrection in cases in which it is unde-
sirable. The importance of including lateral gaze
incomitance into the surgical planning has been
mentioned.

CHOICE OF PROCEDURE. Burian26, 31 emphasized
that correct differentiation between the true and
simulated divergence excess patterns is essential
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for proper choice of surgical procedures. We have
followed his suggestions and still advocate for
exotropia of the true divergence excess type a
recession of both lateral rectus muscles and for
basic exotropia or the simulated divergence excess
pattern a recession of the lateral rectus muscle
with resection of the ipsilateral medial rectus mus-
cle on the nondominant eye. This approach has
worked well in our hands.136 However, a recent
study by Kushner108 has shown that bilateral lat-
eral rectus recessions may be equally effective in
simulated divergence excess and in basic exotro-
pia. Others have reported that there are no differ-
ences between the results of asymmetrical (reces-
sion of the lateral rectus muscle and resection of
the medial rectus muscle of one eye) and symmet-
rical (recession of both lateral rectus muscles)
surgery in intermittent exotropia even though the
immediate postoperative results seemed better
with asymmetrical surgery.187 Some authors114 pre-
fer a resection of both medial rectus muscles for
most forms of exotropia. Others have reported
satisfactory results after recession of only one
lateral rectus muscle.56, 133, 143, 176 We reserve this
procedure for patients with a dissociated exodevia-
tion (see Chapter 18).

Further long-term prospective studies compar-
ing these different surgical methods in the treat-
ment of the various manifestations of exotropia
are necessary to define the real advantages of one
procedure over the other. Until the time that such
data become available we see no reason to deviate
from Burian’s recommendations, which have
served us well thus far.

For an exodeviation larger at near than at dis-
tance fixation (convergence insufficiency type) we
resect both medial rectus muscles, a procedure that
is often followed by a temporary overcorrection of
which the patient must be apprised. The amount
of resection ranges from 3 to 6 mm, depending on
the size of the deviation. Others have proposed
asymmetrical surgery for this condition, placing
the emphasis of the operation on the resection of
one medial rectus and performing lesser amounts
of recession on its antagonist, the lateral rectus
muscle.104 This method has been reported to col-
lapse the near-distance differences and as having
a low risk of postoperative diplopia. A different
approach was taken by Snir and coworkers,166 who
use slanted recessions of the lateral rectus muscles
in patients with an exodeviation greater at distance
than at near. The upper edge of the muscle inser-
tion was recessed according to the distance exode-

viation and the lower edge according to the near
deviation. These authors claim that this procedure
is superior to standard recessions in reducing the
exodeviation at distance and near fixation and in
collapsing the difference between them.

A special surgical approach has been proposed
for intermittent exotropia with a high AC/A ratio.21

It consists of a bilateral lateral rectus muscle re-
cession combined with a posterior fixation suture
on both medial rectus muscles. Although theoreti-
cally interesting, this procedure may not be with-
out its risks in the long term for patients with
normal binocularity.

Weakening procedures on all four oblique mus-
cles, which are frequently found to be apparently
overacting in large angle exotropia have been ad-
vocated92 but are not used by us. We find that
such overaction of all oblique muscles is not a
true overaction and often disappears after treating
the exotropia by conventional surgery of the hori-
zontal rectus muscles.

In the case of asymmetrical surgery we prefer
to operate on the nondominant eye. It has been
suggested by Mitsui and coworkers125 that better
surgical results are obtained when the operation is
done on the dominant eye. However, Lenner-
strand116 was unable to confirm the superiority of
this over the conventional approach to do surgery
on the nondominant eye or on both lateral rectus
muscles.

An adult patient with a large angle exotropia
of an amblyopic eye may require special manage-
ment. Rayner and Jampolsky154 recommended sur-
gery on the amblyopic eye consisting of recession
of the lateral rectus muscle to the equator, reces-
sion or T-closure of the temporal conjunctiva to
release its restrictions, and maximal resection of
the medial rectus muscle up to 14 mm to hold the
eye in alignment. According to these authors, the
disadvantage of postoperative limitation of abduc-
tion, created by the excessive amount of resection
of the medial rectus muscle, may be viewed as an
advantage in such cases since it prevents recur-
rence of the deviation.

Surgery on one eye consisting of recession of
the lateral rectus muscle and resection of the me-
dial rectus muscle has been supplemented with
intraoperative injection of 10 units of botulinum
toxin, type A (Botox) into the lateral rectus mus-
cle.145 More cases and longer follow-up are re-
quired before this procedure can be recommended.
Botulinum toxin injection into the lateral rectus
muscles has also been advocated as an alternative
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to surgery in intermittent exotropia.167 The long-
term stability of the results seem questionable
to us.

For reasons that are discussed further in Chap-
ter 26, we are not convinced of the values of dose-
response curves and tables. However, provided
there is no incomitance in lateral gaze and visual
acuity is equal in both eyes, we use amounts of
recession of the lateral rectus muscles that are
similar to those used by other strabismologists
here and abroad12, 147, 157 (Table 17–1). In large
angle exotropia (greater than 50�) it may be neces-
sary to recess both lateral rectus muscles maxi-
mally and resect one or both medial rectus mus-
cles in one session.6, 13, 68, 89, 171 The prism
adaptation test (PAT) is of little help in deciding
how much surgery to do to each muscle for exode-
viations since no differences in surgical results
were found between responders to this test, in
whom the surgical dosage was increased, and non-
responders.142

We have found adjustable sutures helpful in
patients with large angle exotropia but rarely use
them in intermittent exotropia. In this condition
motor fusion may tend to mask a residual devia-
tion during adjustment. The result is a patient with
surgical undercorrection who would have bene-
fited from a postoperative adjustment. Intraopera-
tive adjustment has also been suggested.33 How-
ever, we believe that the eye position under
general anesthesia is too variable to rely on this
information for modification of the original surgi-
cal plan.

RESULTS OF SURGERY. Surgical results, in terms
of restoration of binocular function and conversion
of a deviation from constant heterotropia to het-
erophoria, vary according to the binocular state
before surgery. Table 17–2 lists results reported

TABLE 17–1. Surgical Dosage of Recession of Both
Lateral Rectus Muscles*

Deviation (�) Recession (mm)

15 4
20 5
25 6
30 7
35 7
40 8

�50 7 � Resection of one medial rectus

*Modified from Parks MM, Mitchell P: Concomitant exodevi-
ations. In Duane TD ed: Clinical Ophthalmology, Vol 1. Philadel-
phia, JB Lippincott, 1988, p 1.

TABLE 17–2. Effect of Surgery on Binocular
Function in Exodeviations

Satisfactory
Results*

Authors n (%)

Beneish & Flanders10 67 60
Burian & Spivey31 200 40
Hardesty et al75 100 78
von Noorden136 49 77
Pratt-Johnson & Wee150 100 41
Raab & Parks152 145 52
Richard & Parks156 111 95
Windsor181 115 58
Winter et al182 85 82

*Defined by most authors listed as fusion at near and distance.

by different authors. The variance of success rates
shown in the table can be explained by different
lengths of follow-up and criteria used for a cure.
We define cure as restoration of stable fusion at
near and distance fixation in an asymptomatic
patient. As may be expected, in patients without
suppression and preoperative diplopia in whom
strabismus is manifest only occasionally, the prog-
nosis is better than in those with constant exotro-
pia of long duration. Although it is sufficient for
practical purposes to define a cure as reestablish-
ment of fusion, it is of interest and underlines the
complex nature of exodeviations that more refined
testing will reveal minor defects of normal binocu-
lar vision in a high percentage of patients with
intermittent exodeviations after treatment. Baker
and Davies7 reported defective stereopsis in most
of their patients before and after surgical align-
ment of the eyes. Stimulated by this report, Haase
and de Decker69 studied 156 patients with intermit-
tent exotropia in whom a wide array of sensory
tests had been performed. Their findings are aston-
ishing indeed. Microexotropia occurred in 32%,
subnormal binocular vision (see Chapter 16) in
50%, and a complete sensory cure in only 17% of
their patients.

Since becoming aware of these studies, we
have reexamined a group of patients who were
orthotropic or slightly esophoric at 33 cm and 6
m fixation distances and had formerly been classi-
fied as surgical cures. The examination involved
fixation maintained on a red light at the end of a
25-m-long corridor.139 In most instances a small
constant exotropia was present under these cir-
cumstances, a finding that is incompatible with a
complete cure. These observations have reinforced
our opinion that complete restoration of normal
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and stable binocular vision in patients with inter-
mittent exotropia presents a major challenge and
that the results of treatment are often frustrating
for the ophthalmologist.

In conclusion, exotropia is a condition which
can be improved and, in many instances, con-
trolled by surgery. However, the prognosis for a
long-term cure must be guarded since recurrences
are common. In this respect the condition is quite
different from normosensorial esotropia where
timely diagnosis and treatment may result in a
complete and permanent cure.

MANAGEMENT OF UNDERCORRECTIONS.

Most patients with persistent intermittent exotro-
pia require additional surgery. The residual devia-
tion is apparent in some of them immediately after
the operation. In others it does not appear until
months or even years after an initially satisfactory
result. Use of base-in membrane prisms of a
power greater than the residual deviation has been
advocated to provoke convergence and thus lessen
the exodeviation.73, 74, 101, 129 Hardesty and cowork-
ers75 emphasized the need to restore fusion with
prisms that equal the deviation as a means of
improving fusional amplitudes before the second
operation.

MANAGEMENT OF OVERCORRECTIONS (CON-

SECUTIVE ESOTROPIA). The reported prevalence
of surgical overcorrections in patients with exode-
viations varies according to different authors
(6%,75 8%,58 10%,31 11%,136 17%,115 and 20%51).
A large overcorrection with gross limitation of
ocular motility of the surgically treated eye on the
day after surgery may require immediate surgical
intervention. Mechanical factors, such as exces-
sive resection of the medial rectus or disinsertion
of the lateral rectus, may be responsible for caus-
ing this complication, which is discussed further
in Chapter 26.

Therapy for smaller degrees of esotropia, which
are usually comitant in nature, is one of watchful
waiting. A postoperative esodeviation of 10� to
15� may disappear completely with time and is,
as stated above, desirable, but larger deviations
tend to increase. In any case, a second operation
should not be performed until at least 6 months
have elapsed, except when there are significant
limitations of ductions that cause incomitance in
lateral gaze.121 During the waiting period several
nonsurgical therapeutic measures may be carried
out that will decrease the postoperative deviation

or, if this is not possible, maintain fusion and keep
the patient comfortable.

No therapy is advocated for the first 2 weeks
after surgery for small degrees of overcorrection.
Should diplopia persist after this time, miotics
or a temporary prescription for a hypermetropic
refractive error may decrease the deviation to the
point where the patient will fuse. Patients with
a high AC/A ratio will respond well to slight
overcorrection of the hypermetropic refractive er-
ror; if the deviation is larger at near fixation, the
prescription of additional plus lenses in the form
of bifocals may be beneficial.

If this therapy is unsuccessful, alternating oc-
clusion not only will eliminate diplopia but also
will tend to decrease the angle of the consecutive
esotropia. A great deal of patience is required by
the physician in treating persistent consecutive
esodeviations since spontaneous reduction of the
postoperative angle may require a considerable
length of time, as illustrated by case 17–4.

CASE 17–4. Age: 9 years

August 1964
Distance: 35� XT
Near: 18� X(T)
Visual acuity: OD 6/7.5
OS 6/7.5
Refraction: OD � 1.50 D sph � 0.50 cyl ax 180�

OS � 1.50 D sph � 0.62 cyl ax 180�

After 1 hour of occlusion: 50� XT at near
Diagnosis: simulated divergence excess

October 1964
Operation: 7 mm recession lateral rectus muscle

OU
December 1964

Distance: 6� ET
Near: 7� ET
Complains about uncrossed diplopia at distance

and near fixation
Rx: 0.125% echothiophate iodide (Phospholine

Iodide) OU every other night
June 1965

Distance: 5� ET
Near: 8� E(T)
Complains about diplopia or distance fixation

interfering with school work
November 1965

Measurements unchanged
Still has diplopia at distance
Rx: discontinue miotics
Start alternating occlusion (OD one day, OS one

day)
December 1966

Distance: 2� exophoria
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Near: 4� exophoria
Rx: Discontinue alternating occlusion

April 1967
Distance: orthophoria
Near: orthophoria
Stereoacuity: 80 seconds of arc

When fusion must be maintained under all cir-
cumstances, as in visually immature children or
for occupational reasons in adults, prisms base-out
are the preferable treatment.72, 115 Press-on Fresnel
membrane prisms have eliminated many difficult-
ies previously encountered with this form of ther-
apy. Frequent adjustments to adapt the prismatic
correction to the changing postoperative angle can
now be made at nominal cost to the patient. Hard-
esty and coworkers75 reported that a consecutive
esotropia of less than 15� can be cured with prism
therapy alone, whereas surgery usually becomes
necessary for larger esodeviations. Our criteria
for reoperation depend on the following factors:
nonacceptance of conservative treatment by a pa-
tient, lack of improvement of the basic deviation
in spite of prisms, increase of the deviation in
spite of prisms, persistence of diplopia because of
incomitance, and limitation of ductions.121 In fact,
persistent limitation of ductions during the postop-
erative period in an overcorrected patient mitigates
against delay of reoperation for a 6-month period,
since, for example, a surgical overcorrection
caused by a tight medial rectus or excessively
recessed lateral rectus muscle does not improve
with time. Botulinum toxin injections in the me-
dial rectus muscle have also been shown to be
effective in treating consecutive esotropia in pa-
tients with retained motor fusion.46

Dissociated Exodeviations

Dissociated exodeviations are discussed together
with dissociated vertical deviations in Chapter 18.

Secondary Exodeviations

Sensory Exotropia

Sensory exotropia occurs as a result of primary
sensory deficit such as anisometropia, unilateral
aphakia, and unilateral visual impairment brought
about by organic causes, followed by partial or
complete disruption of fusion. Recently, vitreous
hemorrhage has been reported as a cause of sen-

sory exotropia.63 Development of a sensory exo-
tropia or esotropia under these circumstances is
discussed on page 346. Characteristically, the de-
viation is unilateral and involves the amblyopic
eye. Surgery is usually required to restore normal
facial configuration; surgical management is dis-
cussed on page 369.

Consecutive Exotropia

Consecutive exotropia arises either spontaneously
in a formerly esotropic patient or iatrogenically
after surgical overcorrection. Spontaneous change
from esotropia to exotropia usually can be associ-
ated with poor vision of the deviating eye (sensory
exotropia), even though all cases cannot be ex-
plained on this basis. High hypermetropia in an
esotropic patient may be another contributing fac-
tor since consecutive exotropia is not uncommon
in this group of patients (see Chapter 16). Treat-
ment is surgical and indications for surgery are
cosmetic.

Consecutive exotropia after surgical overcor-
rection of an esodeviation is discussed in Chapter
16.
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