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ABSTRACT | Purpose: To evaluate the clinical and surgical 
impacts of phenomena that could occur in intermittent exotropia. 
Methods: The medical records of intermittent exotropia cases 
from 1991 to 2014 were retrospectively reviewed. All patients 
underwent a series of measures, including a protocol to assess 
monocular occlusion based on the propedeutics proposed by 
Kushner. Results: Outdoor sensitivity was observed in 31% of 
patients with an undercorrection rate of 44% vs. 18% of cases 
with no outdoor sensitivity. After 1 h of monocular occlusion, 
41% of all patients achieved an increase in deviation with an 
undercorrection rate of 40%, whereas 25% did not. Conclusion: 
The results show the importance of complete propedeutics, since 
there is a higher rate of late undercorrection in cases with outdoor 
sensitivity and increased deviation after occlusion.
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RESUMO | Objetivo: Avaliar os impactos clínico e cirúrgico 
dos fenômenos que podem ocorrer na exotropia intermitente. 
Métodos: Os prontuários de casos de exotropia intermitente 
de 1991 a 2014 foram revisados retrospectivamente. Todos os 
pacientes foram submetidos a uma serie de medidas incluindo 
o protocolo com oclusão monocular com base na propedêutica 
proposta por Kushner. Resultados: Outdoor sensitivity foi 
observada em 31% dos pacientes com taxa de subcorreção de 
44% vs. 18% dos casos sem outdoor sensitivity. Após 1 hora de 
oclusão monocular, 41% de todos os pacientes apresentaram 

um aumento no desvio com uma taxa de subcorreção 40%, 
enquanto 25% não. Conclusão: Os resultados demonstram a 
importância da propedêutica completa, uma vez que há maior 
taxa de subcorreção tardia nos casos de outdoor sensitivity e 
maior desvio após a oclusão.

Descritores: Exotropia; Estrabismo; Músculos oculomotores; 
Privação sensorial; Visão monocular

INTRODUCTION
The treatment of intermittent exotropia, or X(T), re-

mains challenging because the degree of deviation varies 
according to the distance of fixation and is also influen-
ced by factors related to fusional and accommodative 
vergences. Overcorrection occurs when the surgical 
plan aims to correct the greatest measured deviation. 
On the other hand, undercorrection with subsequent 
recurrence of deviation is frequent when the surgical 
plan is based on any measure other than the maximum 
value(1).

Integrated mechanisms responsible for the variability 
in deviation have been described and should be inves-
tigated in order to increase the chance of surgical suc-
cess(1). To achieve satisfactory results of individualized 
treatment, whether clinical or surgical, complementary 
propedeutic tests are recommended to clarify the in-
fluence of fusional and accommodation components in 
the deviation and to classify the type of X(T).

Scobee(2) recommended monocular occlusion for  
1 h to reveal the true near deviation while eliminating 
tenacious proximal fusion (TPF). The ratio of accom-
modative convergence to accommodation (AC/A) must, 
therefore, be obtained from measurements after occlu-
sion(3). Kushner and Morton(4) updated the classification 
of X(T) proposed by Burian, based on the understanding 
that these phenomena are related to the deviation. They 
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described propedeutics that include measures at 6 and 
0.3 m. After occlusion for 1 h of the eye that deviates 
more frequently, measurement should be made while 
the patient fixates on a distant target outdoors, then 
repeated at 6 and 0.3 m without +3.0-diopter lenses (to 
assess the presence of TPF), then again with +3.0-diopter 
lenses (to exclude the accommodative component) and 
at 6 m with -1.50 or -2.00 diopter lenses added to the 
refraction (to stimulate accommodation). Finally, the 
AC/A ratio is calculated using the gradient or hetero-
phoria method.

X(T) is subdivided into the following three types: ba-
sic, when the distance/near difference is not more than 
10 prism diopters (PD); convergence insufficiency when 
the near deviation is at least 10 PD greater than that of 
the distance; and pseudo-divergence excess (pseudo-high 
AC/A ratio) when the distance deviation is at least 10 PD 
higher than the near deviation prior to occlusion with 
an increase in near deviation after occlusion or after 
the measurement with the +3.0-diopter lenses. In true 
divergence excess, a distance deviation of at least 10 
PD higher than the near deviation is observed, with 
no increase in near deviation after occlusion or with 
positive lens.

Distance and near measures are considered alike when 
the difference is within 10 PD(4). Cases with a high AC/A 
ratio, which become normal after occlusion, are classi-
fied as pseudo-high AC/A. The normal range of the AC/A 
ratio would be 3-5:1.

Here, we report the results of a series of patients 
examined with this work-up in order to evaluate the cli-
nical and surgical impacts of the phenomena that could 
occur in X(T).

METHODS
All records of patients with X(T) followed in the 

Ophthalmic Strabismus Sector of the Hospital das Clíni-
cas, FMUSP, between 1991 and 2014 and with full exa-
mination results, according to the work-up proposed by 
Kushner and Morton(4), were retrospectively reviewed. 
Only motor function was considered for a diagnosis of 
X(T). Sensorial examination results were not taken into 
consideration.

The following factors were evaluated: age at onset 
of deviation, age when treatment started, age at first 
surgery, sex, best corrected visual acuity, as measured 
using the Lea Hyvärinen table, refractive error under 
cycloplegic refraction with 1% cyclopentolate, distance 
and near measures preoperatively and at 6 and 12 months 

after surgery, family history of strabismus, follow-up pe-
riod, and type of surgery performed.

In addition to the usual measurements, we routinely 
carry out a specific and standardized examination ba-
sed on the work-up described by Kushner(1,4,5). The 
monocular occlusion of the most commonly deviated 
eye for at least 1 h before the examination is required. 
The protocol includes a measurement with the patient 
fixating on a distant target outdoors through the office 
window, thereby submitting the patient to the outdoor 
sensitivity effect, which increases deviation and is 
caused by intense lighting and/or increased distance 
of the fixation point(1). In this study, this phenomenon 
was considered to have occurred when the increase 
was ≥10 PD. Then, we measured, in the office, for the 
distant target (6 m) and near targets (0.3 and 0.2 m), 
and next with +3.00-diopter lenses for the 0.3 m tar-
get, in order to relax all accommodations, and finally 
with -2.0-diopter lenses to stimulate accommodation 
(miosis-accommodation-convergence synkinesis). Du-
ring the entire examination, the patient was not allowed 
to regain binocularity, which was accomplished by  
keeping one eye always occluded. Near deviation was not 
measured without the +3.00 lenses previous to the 1 h 
monocular occlusion.

The AC/A ratio was calculated using the gradient me-
thod where the difference between the near measures 
with and without the +3.0 lenses after the monocular 
occlusion was divided by 3. An AC/A ratio of 2.5-6:1 was 
considered normal. The AC/A ratio was also calculated 
using the heterophoria method where the distance and 
near difference were divided by 3 and finally added to the 
interpupillary distance in centimeters, with the normal 
value at 3-9:1. When the AC/A ratio is high, a decrease 
in near deviation occurs and there is an increase in dis-
tant deviation when stimulated with -2.0 lenses. Another  
factor that decreases the near deviation is the TPF, which 
is eliminated after monocular occlusion for 1 h.

The distance and near measures alike were considered 
when the difference did not exceed 10 PD. The diagnosis 
of pseudodivergence excess was based on the measures 
after monocular occlusion. An AC/A ratio within the nor-
mal range without TPF was classified as the basic type.

RESULTS
The study cohort consisted of 109 patients, of which 

63% were female. The age at the onset of deviation va-
ried from birth to 39 years, with 63% being in the first 
year of life. The age at which treatment started ranged 
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from 1 to 49 years. There was a family history of strabismus 
in 52% of cases.

The best corrected visual acuity was 1.0 in both 
eyes in 82 (75%) patients. Two patients had low vision, 
one with high myopia, and the other with nystagmus. 
Amblyopia, defined as a difference of at least two lines 
between the best corrected visual acuity of each eye, 
was observed in seven (6%) patients. Considering the 
refractive error under cycloplegia, hyperopia was pre-
sent in 19 patients, myopia in 3, hyperopic astigmatism 
in 31, myopic astigmatism in 37, and mixed astigmatism 
in 8. Four patients had antimetropia, and seven had no 
refractive error.

According to the classification, 26 (24%) patients pre-
sented with pseudodivergence excess, 1 (1%) with true 
divergence excess, 8 (7%) with convergence insufficiency, 
and 74 (68%) with the basic type.

The mean deviation, the occurrence of outdoor sensiti-
vity, and the increase in deviation after occlusion for each 
patient are shown in table 1. As indicated, there was an 
increase in deviation after occlusion in all cases of pseu-
dodivergence excess, but this increase did not reach 10 
PD, although the underlying reasons are not described.

Surgery was suggested to 53 patients, of whom 41 
agreed and 12 did not. Of the patients who underwent 

surgery, 13 had pseudodivergence excess, 1 had con-
vergence insufficiency, and 27 had the basic type. The 
surgery was determined by the greatest obtained angle 
measurement. Reoperation was proposed to eight pa-
tients, five of whom agreed and three did not.

The mean age at the first surgery was 18.5 (range, 
4-49) years. The pre- and postoperative measures are 
presented in table 2. In the only case of the convergence 
insufficiency type, the patient was followed up for only 
5 months postoperatively and had no distance or near 
deviation.

Of the patients with the basic type of X(T) with 
outdoor sensitivity, three were overcorrected, six were 
undercorrected, and surgery was successful in four, that 
is, X(T) of up to 10 PD. Of the pseudodivergence excess 
patients that underwent surgery, one was overcorrected, 
one was undercorrected, and one did not complete the 
1 year follow-up.

At the 1 year postoperative follow-up, the mean de-
viation among the patients with the pseudodivergence 
excess type, residual X(T) was 9.5 and 8 PD for the dis-
tance and near measures, respectively. In the basic type, 
the mean deviation of residual X(T) was 8 PD for the 
distance measure and 10 PD for the near. Four patients 
did not complete the 1 year follow-up, one patient had 

Table 1. Patient distribution according to X(T) subtype, fusional and accommodative components, surgical endpoint, and reoperation rate, as evaluated 
with a standardized examination over a 25 year period

N total/
operated Reoperation

Outdoor sensitivity/ 
mean

Increase of deviation 
after occlusion (%)

High AC/A

(n of patients)

Pseudo-excess of divergence (pseudo-high AC/A) 26/13 1 n=10/14.7 PD 18 (69%) 4

Convergence insufficiency 8/1 0 n=1/22 PD 04 (50%) 0

Basic type 74/27 4 n=23/15.5 PD 23 (31%) 3

True divergence excess 1/0 0 n=0 0 0

Total 109/41 5 n=34 (31%) n=45 (41%) 7

N= number; PD= prismatic diopters.

Table 2. Surgical outcome according to the X(T) subtype and changes in the angle of deviation following 1 h of monocular occlusion in all operated 
cases, as evaluated with a standardized examination over a 25 year period.

Mean initial distance deviation/
near (before occlusion)

Mean preoperative distance 
deviation/near (before 

occlusion//after occlusion)

Mean 6 months 
postoperative distance 

deviation/near

Mean 1 year 
postoperative distance 

deviation; near

Pseudo-excess of divergence 
(pseudo-high AC/A)

31/15 PD 31/16// 30/29 PD 2/3.2 PD 9.5/8 PD

(1 overcorrections, 0 
undercorrections)

(1 overcorrections,

4 undercorrections)

Convergence insufficiency 25/31 PD 70/80 // 75/85 PD - -

Basic type 27/27 PD 35/36 // 36/39 PD 7.1/7.8 PD 8/10 PD 

(3 overcorrections, (3 overcorrections,

4 undercorrections) 10 undercorrections)

True divergence excess 20/4 PD - - -
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esotropia (ET) for the distance and near measures, and 
another had ET only for the distance. Four patients with 
the pseudodivergence excess type did not complete the 
1 year postoperative follow-up, and one patient had ET 
for the distance and near measures.

Among the pseudodivergence excess cases, five sur-
geries were lateral rectus recession and medial rectus 
resection, and eight were bilateral lateral recession. In 
the case of convergence insufficiency, the surgery was 
recession and resection. For the basic type, 22 were re-
cession and resection, 4 were bilateral lateral recession, 
and 1 was lateral rectus recession.

DISCUSSION
The intermittence of X(T) is due to failures in at least 

one of the following four main mechanisms: fusional 
convergence, accommodative convergence, proximal 
convergence, and tonic convergence. The purpose of 
the monocular occlusion for 1 h is to neutralize the fu-
sional component in order to decompensate the entire 
deviation and the TPF while not allowing the patient to 
recover binocularity during the examination. The pro-
posed protocol also enables the calculation of the AC/A 
ratio, which can be obtained by the gradient method or 
the heterophoria method. As for cases with a high AC/A 
ratio, it is usually supposed that there will be a decrease 
in the near deviation and the distance measure with a 
-2.0-diopter lens. Without occlusion, it is not possible to 
define the cause of a decrease in near deviation.

The phenomena of outdoor sensitivity and increased 
deviation after 1 h of monocular occlusion were not li-
mited to patients with a distance deviation greater than 
the near one, thereby justifying the use of complete 
propedeutics in any patient with X(T).

In previous studies, the undercorrection rate was 
40% among patients with outdoor sensitivity whose 
surgery was planned on the basis of the 6 m measures. 
Patients who showed increases in measures after 1 h 
of monocular occlusion, but who had surgery planned 
for the measures obtained before occlusion, had a 35% 
undercorrection rate. In contrast, the undercorrection 
rate was reported to be 18% for a group with no outdoor 
sensitivity or increased deviation after occlusion(1).

In this study, the outdoor sensitivity phenomenon was 
observed in 31% of cases, whereas the undercorrection 
rate was 44% and 18% in the group that did not have 
outdoor sensitivity. The group that had the greatest num-
ber of cases with outdoor sensitivity was the pseudodi-
vergence excess type. Four patients in this group showed 

an increase in deviation that was only caused by outdoor 
sensitivity. After 1 h of monocular occlusion, 41% of the 
cases showed an increase in deviation. The undercorrec-
tion rate in these cases was 40% and 25% in the group 
with no increase in deviation after occlusion. Despite 
the increase in the surgical dose, the rate of undercor-
rection was higher. Perhaps, a greater increase in the 
surgical dose is needed to avoid late undercorrection.

The only case of true divergence excess had a normal 
AC/A ratio. Kushner and Morton(4) described divergence 
excess as an excess of proximal convergence, which 
may be due to accommodative convergence or proxi-
mal accommodation. Patients with a normal AC/A ratio 
have excess proximal convergence. However, TPF and 
proximal convergence should not be confused with one 
other. In fact, TPF is the delay in dissipating the proximal 
convergence, which can be eliminated by prolonged 
occlusion or the adaptation of prisms, whereas proximal 
convergence does not dissipate with prolonged occlu-
sion or prisms and is probably related to the awareness 
that something is close to the eyes.

Kushner proposes surgical planning for the correc-
tion of the greatest angle of deviation measured for 
distance and infinity, arguing that undercorrection often 
occurs in cases where the deviation in the infinity mea-
sure is greater than the deviation of the 6 m measure(1).

As described by Kushner, most of the patients in the 
present study were female. However, other studies have 
reported a male prevalence(7,8).

The majority of the cases in Kushner’s study(4) had the 
pseudo-excess of divergence type, whereas most of the 
cases in the present study had the basic type, as demons-
trated in other studies(7,9). TPF was found in all patients 
with pseudo-excess of divergence, in agreement with 
the results of the referred author. However, the true 
excess divergence type is unusual when the measure is 
made in accordance with the protocol(1,10).

Many cases of pseudo-excess of divergence are due 
to the presence of TPF(1). Measurements prior to occlu
sion demonstrate increased distance deviation and de-
creased near deviation.

When there is a significant fusional component, which 
changes with the occlusion, the surgical result is usually 
satisfactory because of the presence of binocularity, 
which would promote self-adjustment of the deviation.

Overcorrection can be avoided, if an elevation in the 
AC/A ratio is identified in the preoperative period. In 
this study, there was overcorrection in one single case of 
the pseudo-excess of divergence group that had outdoor 
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sensitivity and a normal AC/A ratio, but with TPF. There 
were also three cases of overcorrection in patients with 
basic type X(T) and no increase in the AC/A ratio, but had 
outdoor sensitivity, suggesting that the surgical dose in 
these cases was increased beyond what was necessary.

The indicated surgery was based on the classification 
that was determined in accordance with the results of 
the proposed protocol. Thus, basic type X(T) and the 
convergence insufficiency type were corrected by mo-
nocular recession and resection. In the pseudo-excess 
of divergence type, monocular recession and resection 
or bilateral lateral recession were performed.

When the AC/A ratio is high, such as in 60% of pa-
tients with true excess of divergence and many patients 
with pseudo-excess of divergence, one should be careful 
with recession/resection surgery because of the risk of 
overcorrection, according to one study(6).

There were two main limitations to this study that 
should be considered. First, the prism adaptation test 
was not part of the described examination sequence, 
which likely would have enhanced the deviation in 
selected cases and provided additional information. Se-
cond, the results are based on measurements obtained 
during a 1 year postoperative follow-up period, which 
could be considered rather short, especially if the rate 
of late recurrence of X(T) is taken into account.

In this retrospective investigation, we attempted to 
clarify the principles involved in carrying out X(T) and 

the strategies that should be followed in order to increase 
treatment success rates. Future prospective studies are 
warranted to further investigate the impact of the use of 
this detailed propedeutic, as compared with traditional 
propedeutics, over a long-term follow-up period.
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