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OBJECTIVES: A remarkable increase in the number and proportion of surgical patients with acute acquired concomitant esotropia
(AACE) has been noted in our hospital in recent years. We aimed to analyse the clinical characteristics and associated risk factors of
this increasing number of strabismus in last 5 years.
METHODS: Medical information was obtained in 62 AACE patients and 73 orthotropic patients as control group completed
questionnaires and examination items from March 2017 to May 2020. Data included age at onset, refractive error, angle of
deviation, binocular vision, eye care habits, and optical quality of spectacles.
RESULTS: Of the 62 AACE patients, the mean ± standard deviation age at onset was 25.3 ± 8.5 years, with 47 (75.8%) cases showing
myopia, 9 (14.5%) showing emmetropia, and 6 (9.7%) showing hypermetropia. Among the AACE patients, 35 (56.5%) performed >8
h of close work daily and 36 (58.1%) reported late-night use of digital devices. When compared with the control group, the risk
factors identified for AACE included long durations of close work (odds ratio [OR], 11.72; 95% confidence interval [CI], 3.53–38.91;
P < 0.001) and immoderate late-night use of digital devices (OR, 14.29; 95% CI, 4.10–49.72; P < 0.001).
CONCLUSION: Our study demonstrated that young adults accounted for the majority of the growing number of individuals
affected by AACE in last 5 years, and excessive close visual activities and immoderate late-night use of digital devices were found to
be associated with the onset of AACE.
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INTRODUCTION
Acute acquired concomitant esotropia (AACE) is thought to be an
uncommon presentation of concomitant esotropia, which has a
late age of onset, minimal accommodative element and good
potential for binocular cooperation [1–4]. The proportion of late
sudden-onset esotropia in children strabismus was reported to
be 0.3% [5]. The aetiology of AACE remains elusive, as does
the reason why concomitant esotropia occurs in patients whose
bilateral visual acuity and binocular vision show effective
development. Previous attempts to define its classification and
postulate its pathogenesis are based on the clinical characteristics
of a small number of cases. However, within our hospital
(Zhongshan Ophthalmic Center, ZOC) we have observed a marked
increase in the number and proportion of surgical patients with
AACE in recent years. Un-published internal data tracking at our
institution indicated that AACE surgery accounted for only 0.26%
(24/9109) of all strabismus surgeries in our hospital from October
2010 to November 2014, while this ratio increased to 1.81% (189/
10399) from January 2015 to April 2018 and 4.71% (258/5472)
from May 2018 to December 2019. The reason for this striking
increase remains unknown. In this study, we paid specific
attention to patients’ comprehensive medical histories, including
eye-care habits and optical quality of spectacles, to describe the

clinical characteristics and investigate the potential risk factors for
the onset of AACE in last 5 years.

MATERIALS AND METHODS
This was a retrospective case–control study involving 62 AACE patients
who visited Dr. Chen at the ZOC from March 2017 to May 2020 and 73
orthotropic volunteers who were recruited from schools and companies.
This study adhered to the tenets of the Declaration of Helsinki and was
approved by the ethics committee of the ZOC. Written informed consent
was obtained from all patients and volunteers or their guardians.

Patients
The inclusion criteria for AACE patients were as previously reported [3]: (1)
concomitant esotropia with acute onset (deviation in all directions of gaze
differing by ≤2 prism dioptres [PD] when primary deviations were less than
20PD and by ≤5PD when primary deviations were more than 20PD, (2) an
accompanying diplopia or visual confusion, (3) best-corrected visual acuity
of not less than 0.5 in each eye and (4) ≧5 years old at the time of onset.
Patients were excluded from the study if they had a reduction of >10PD in
their esotropia with a full hyperopic spectacle correction for 1 month or if
inferior displacement of the lateral rectus muscle was revealed in their
orbital images or if they had diplopia or visual confusion before 2015. The
inclusion criteria for control volunteers: (1) best-corrected visual acuity of
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not less than 0.5 in each eye, (2) orthotropia on cover test, (3) no diplopia
or asthenopia, (4) no obvious ocular diseases except for refractive error, (5)
5–50 years old. Those with a history of strabismus, amblyopia, or ocular
surgery were also excluded from both the patient and control group.

General information, additional medical information and
ophthalmological examination
General information derived from the medical records included age, age at
diplopia onset, gender and occupation. The age at onset was determined
by the ophthalmologist according to the medical history, past ocular
records and patient photographs. Additional medical information was
obtained from questionnaires for AACE patients and control volunteers.
These questionnaires included the type and duration of close visual
activities (<50 cm), the frequency of weekly digital device use late at night,
and whether the individual often used their glasses.
Comprehensive ophthalmologic and orthoptic examinations were per-

formed by Dr. Chen. Cycloplegic refraction was performed after administration
of 1% atropine ointment once daily for 3 days in young patients with AACE
(<7 years old), while 1% cyclopentolate eye drops were administered three
times 5min apart for the control group and AACE patients older than 7 years.
A full cycloplegic refraction was prescribed for AACE patients with refractive
errors >1.0 dioptre (D). The prism and alternate cover test (PACT) were used to
determine total deviations at 6m and 33 cm fixation, and the simultaneous
prism cover test was used to determine the manifest deviation. A
synoptophore was used to evaluate the 3 grades of binocular single vision.
All AACE patients received brain and orbital computed tomography (CT) scans
or magnetic resonance imaging (MRI). Comprehensive medical histories were
reviewed and neurological examinations were performed for cases with
intermittent esotropia or variable deviations to rule out cyclic esotropia and
myasthenia gravis. In addition, spectacles were checked to assess optical
quality for both control volunteers and AACE patients.
Potential risk factors were based on the AACE patients’ eye care habits,

living habits and plausible prior hypotheses [1, 6] and then were applied to
design a questionnaire and examination items (Table 1).

Statistical analysis
Continuous variables were presented as the mean ± standard deviation
(SD) and analysed using the independent samples t-test. Classification data
were analysed using the chi-square test. The risk factors for AACE were
analysed using multiple logistic regression analysis. The feature variables
were considered as odds ratio (OR) having a 95% confidence interval (CI)
and P value. Statistical analysis was performed using the SPSS 20.0 software
for Windows (SPSS China, Inc.). Two-tailed P values of <0.05 were
considered statistically significant.

RESULTS
Baseline characteristics
62 AACE cases (45 males and 17 females) were included. Overall,
the mean ± SD age at onset was 25.3 ± 8.5 years (range: 5.0–47.0
years), with 3(4.8%) patients 5–9 years of age, 4 (6.5%) patients
10–17 years of age, 42(67.7%) patients 18–30 years of age and 13
(20.9%) patients older than 30 years. The duration from the initial
onset of diplopia to the first clinic visit ranged from 2 months to
51 months. The number of patients suffering from diplopia (both
at distance and near) was 53 (85.5%), while 8 (12.9%) patients had
distance diplopia and single vision at near, and 1 (1.6%) initially
had distance diplopia and later developed near diplopia. Two
patients (3.2%) initially had intermittent diplopia that transitioned
to constant diplopia within a few months. There were 32 (51.6%)
patients whose occupations required excessive near work,
including college students, precision parts installers, staff
accounts, office staff members, network practitioners and
E-commerce employees. Two patients had a history of fever
before the onset of diplopia. None of the cases involved occlusion
therapy, head injury, psychological shock, heroin intake or
withdrawal, or family histories of strabismus.
The corrected visual acuity of all patients was ≧0.8. Slitlamp and

funduscopy examinations were unremarkable, and ocular versions
and ductions were normal in all patients. There were no
statistically significant differences in the deviations with corrected
spectacles between near (35.3 ± 14.7PD) and distance (34.5 ±
12.8PD) fixations (t-test, P= 0.41). All AACE patients showed
normal brain and orbital CT or MRI scans, in which inferior
displacement or marked elongation and thinning of lateral rectus
muscle was not revealed

Refractive status in different age groups
Among the 62 AACE cases, 6 (9.7%) were hyperopic, 9 (14.5%)
were emmetropic, and 47 (75.8%) had myopia. Hypermetropia
ranged from +0.75 D to +2.5 D (mean ± SD=+ 1.3 D ± 0.7 D),
while myopia ranged from −0.75 D to −10.25 D (−4.5 ± 2.3 D).
Among the myopia cases, the refraction of 12 (25.5%) patients was
<3.0 D, in 22 (46.8%) it was between 3.0–6.0 D, and in 13 (27.7%) it
was >6.0 D. Hyperopia was more frequently observed in young
patients (5–9 years of age), while myopia was more common in
patients ≥18 years of age (Table 2). In patients with AACE, the
refractive status ratios differed significantly among the different
age groups (χ2 test, P < 0.001).

Relationships among diplopia, angle of deviation, and
refractive status
The distance deviation (21.4 ± 11.3PD) of the eight patients who
experienced diplopia at distance but fusion at near was
significantly less (t-test, P < 0.001) than those with diplopia at
both distance and near (36.8 ± 13.0PD). Deviations of ≤20PD were
present in 16 cases, while 46 patients showed deviations of
>20PD. There were no statistically significant differences between
these two groups in the ratios of refractive status (χ2 test, P= 0.77)
(Table 3).

Table 1. Predicting factors considered associated with AACE onset.

Potential prediction factors Specific details regarding each factor

Daily near-work Duration of daily near work (less than 50 cm)

Late-night use of digital devices Frequency of weekly digital device use after 12:00 A.M.

Incorrect PD Differences between pupillary distance for spectacles versus actual pupillary distance

Myopic overcorrection Differences between refractive power for spectacles versus actual refractive power

Uncorrected myopia Use of glasses for less than 4 h a day

Myopia Power of myopia

AACE acute acquired concomitant esotropia, PD pupillary distance.

Table 2. Refractive status in different age groups of AACE patients.

5–9 years
(n= 3)

10–17 years
(n= 4)

≥18 years
(n= 55)

Hypermetropia
[No. (%)]

2 (66.7) 1 (25.0) 3 (5.5)

Emmetropic [No. (%)] 0 (0) 0 (0) 9 (16.4)

Myopia [No. (%)] 1 (33.3) 3 (75.0) 43 (78.1)

AACE acute acquired concomitant esotropia.
Chi-square test, χ2= 13.9, p < 0.001.
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Treatment and prognosis
A total of 16 patients with deviations ≤20 PD received conserva-
tive treatments such as prism prescription, spectacle adjustment,
and restriction of their close work. Following conservative
treatments, two (12.5%) patients recovered, three subsequently
underwent surgery for deviation enlargement, and others
remained stable. Patients with deviations >20 PD underwent
surgery after more than 3 months of observation or conservative
treatment. Surgical target angle was augmented by an additional
5–10 PD to the distance deviation determined by PACT and
surgical dosage followed the table recommended by Wright et al.
[7]. All double vision or binocular vision in these patients was
resolved or improved following surgery except for two with
residual esotropia. 96.8% (60/62) showed normal retinal corre-
spondence or fusionor stereopsis in the synoptophore following
conservative or surgical correction.

Risk factors associated with the onset of AACE
Additional medical information and examinations were obtained
in 62 patients and 73 control volunteers. Those two groups were
matched for age, gender, and corrected visual acuity (Table 4).
Of these 62 patients, 35 (56.5%) reported more than 8 h of daily

near-work for more than 3 months, while only 7 (9.6%)
comparable cases were present in the control group. The number
of patients participating in late-night (after 12 a.m.) digital device
use for not less than twice a week and for longer than 3 months
was 36 (58.1%), while there were only 12 (16.4%) such cases in the
control group. In addition, nine AACE patients showed an
oversized pupillary distance of ≧3mm in their frame spectacles,
ten had overcorrection for myopia of ≧0.5 D, two showed a
misalignment of ≧10° in the astigmatism axis and nine AACE
patients with myopia did not wear glasses or wear glasses for less
than 4 h a day. Results from the multiple logistic regression
analysis indicated that the risk factors included long durations of
close visual work (odds ratio [OR], 11.72; 95% confidence interval
[CI], 3.53–38.91; P < 0.001) and immoderate late-night use of
digital devices (OR, 14.29; 95% CI, 4.10–49.72; P < 0.001). No risks

were found to be associated with an oversized pupillary distance
in spectacles, myopic overcorrection, uncorrected myopia, or
myopia (Table 5).

DISCUSSION
AACE was first defined by Burian and Miller [1] and categorised
into three types based upon hypothetical causes and the
refractive status. These include: (1) Swan type, which results from
interruption of binocular vision, (2) Franceschetti type, charac-
terised by low hyperopia and minimal accommodative element,
and (3) Bielschowsky type, present in patients with uncorrected
myopia (≤5 D), which is thought to be associated with an
increased tonus of the medial rectus. Subsequently, brain
tumours, heroin withdrawal, decompensated esophoria and
excessive smartphone use have also been reported to be
associated with the onset of AACE based on limited number of
cases [3, 6, 8–17]. However, we have noticed that the incidence of
AACE has a tendency to increase in recent years, and it does not
seem to be fully explained by past views. Therefore, larger cases
and controls were included in our studies to further explore the
clinical characteristics, potential risk factors and mechanisms that
may be involved with the onset of AACE. As some patients with
partially accommodative esotropia, acquired nonaccommodative
esotropia, sagging eye syndrome and heavy eye syndrome can
also have double vision, all these types of strabismus were
excluded in the study.
Patients in present study showed clinical features of a relatively

late age of onset and potentially normal binocular vision. In our
study, 88.7% of the patients experienced AACE onset at ≧18 years
of age, and 96.8% of the AACE patients showed normal retinal
correspondence or fusion or stereopsis in the synoptophore
following treatment. In addition, myopia was found to be the most
common condition in AACE, followed by emmetropia and
hyperopia. There were no significant differences in ratios of
refractive status between the small and large deviation groups;
however, statistically significant differences were present among
the different age groups. Patients presenting with diplopia at
distance but fusion at near showed deviations that were
significantly less than those with diplopia at both distance and
near. Based on these findings, it seems that refractive status may
be associated with the age of onset and fusion at near as related
to small deviations. Therefore, it does not appear that refractive
status should serve as a basis for AACE classification.
Excessive close visual activities were found to be a risk factor

responsible for the onset of AACE in the current study. Notably, 32
of the patients (51.6%) had occupations associated with close
work (less than 50 cm) and 35 (56.5%) patients reported more
than 8 h of daily close work for longer than 3 months. Close work
in this study included use of digital devices, book reading and
assembly/repair of precision instruments. All of these activities
require use of near visual acuity. Similarly, in Lee’s study [6], 12 of
19 AACE cases were identified as smartphone users. In recent
years, digital devices have become more a part of daily life, work,
and study and have become popular outlets for entertainment
among adolescents and young adults in China. As we found this
to be a risk factor, this increase in digital-device use may provide
one explanation for the rapid increase in AACE onset in young
adults. Skeletal muscles have been shown to adapt and respond
to mechanical and biochemical stimuli [18], and adaptations in
extraocular muscle length or structure have also been reported
[19, 20]. As a result, the mechanical tonus of medial rectus muscles
can increase and disrupt motor fusion following excessive close
visual activities and thus may lead to the development of AACE.
Late-night video display use was identified as another risk factor

responsible for the onset of AACE in our study. Of the 62 patients
with extensive documented histories prior to the presence of
diplopia, 36 patients (58.1%) indicated a habit of late-night use not

Table 3. Relationship between refractive status and deviation among
AACE patients.

Deviation ≤ 20 PD
(n= 16)

Deviation > 20 PD
(n= 46)

Hypermetropia [No. (%)] 1 (6.3) 5 (10.9)

Emmetropic [No. (%)] 3 (18.7) 6 (13.0)

Myopia [No. (%)] 12 (75.0) 35 (76.1)

AACE acute acquired concomitant esotropia, PD prism dioptre.
Chi-square test, χ2= 0.27, p= 0.77.

Table 4. Demographic data and visual acuity in AACE and control
patients.

Patients
(n= 62)

Controls
(n= 73)

p value

Age (yrs),
mean (SD)

25.3 (8.5) 24.8 (6.2) 0.71a

Sex 0.86b

Male, No. (%) 45 (72.6) 53 (74.0)

Female, No. (%) 17 (27.4) 20 (26.0)

BCVA, mean (SD) 0.97 (0.2) 0.98 (0.1) 0.26a

AACE acute acquired concomitant esotropia, BCVA best corrected visual
acuity.
aIndicates independent samples t-test.
bIndicates Chi-square test.
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less than twice a week of digital devices such as smartphones,
computers, or iPads. Such disruptions in biological rhythms have
been shown to exert adverse impacts on brain function [21]. In
addition, visual motion processing and coordinated eye move-
ments were reported to be significantly impaired when performed
after acute sleep loss and circadian misalignment [22]. Therefore,
these late-night visual activities may not only aggravate the
burden of motor fusion, but also impact sensory fusion, leading to
the occurrence of AACE.
Nineteen of the 62 patients were wearing spectacles with

optical quality problems when their diplopia occurred, including
wider pupillary distance, overcorrection for myopia, and incorrect
astigmatism axis. Though no risks were found to be related to
oversized pupillary distance or overcorrection for myopia in this
study, two patients recovered following spectacle adjustments
and restrictions of their close work: one patient had an
overcorrection of 0.75 D for myopia and 1500 of misalignment in
the astigmatism axis; the other patient had reversed left (−5.0 D)
and right (−4.25 D) myopic powers. The common features of
these two cases include incorrect spectacle prescriptions, more
than 4 h of daily smartphone use, late-night smartphone use once
or twice a week, small deviation, and a less-than-4-month period
prior to accepting treatment. It seems that patients with small
deviations can recover if these risk factors are corrected in time.
Therefore, incorrect spectacle prescriptions may increase the
burden of sensory or motor function and, in this way, also be a
potential risk factor for the onset of AACE.
Myopia or uncorrected myopia was not shown to be a potential

risk factor for AACE in the study. As a high rate of myopia was
present in both AACE and control patients, it would not be able to
assess an association between AACE and myopia. The prevalence
of myopia in China is increasing. For example, a study from a city
in southern China reported the prevalence of myopia among high
school students increased from 79.5% in 2001 to 87.7% in 2015
[23]. This might be the explanation of the high rate of myopia in
both groups but not the striking increase of AACE. Cohort studies
are needed to further clarify the relationship between myopia
and AACE.
This was a preliminary study on the risk factors associated with

AACE. The main limitation was that the number of cases in the
risk-factor analysis was relatively small. Prospective cohort studies
are warranted to further clarify the risk factors related to AACE.
Despite these limitations, we believe our findings provide valuable
insight regarding the increasing incidence and the underlying
mechanisms involved in AACE.

In conclusion, we do not consider AACE to be a single cause;
there are numbers of factors that may deteriorate sensory or
motor fusion and contribute to this condition. Young adults were
found to be the main group affected in the growing numbers of
AACE in last 5 years. Moreover, excessive close visual activities and
immoderate late-night digital device use were found to be
associated with AACE onset. Therefore, reductions in close visual
activities, especially late-night use of digital devices, and high-
quality spectacle prescriptions are recommended to prevent the
onset of AACE.

SUMMARY

What was known before

● The aetiology of AACE remains elusive, as does the reason
why concomitant esotropia occurs in patients whose bilateral
visual acuity and binocular vision show effective development.

What this study adds

● Excessive close visual activities and immoderate late-night use
of digital devices were found to be associated with growing
numbers of acute acquired concomitant esotropia in last
5 years.
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