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INITIAL PRESENTATION

Casel

Chief Complaint

Worsening eye crossing for one year

History of Present Illness

A 7-year-old boy presented with a history of intermittent, alternating eye crossing for one year that had become
constant in the past 2 months. As the angle of deviation gradually increased, his parents also noticed that his
pupils were larger than normal. He had worn hyperopic correction since the age of 3 but recently switched to
myopic glasses. He had no history of patching for amblyopia or prior eye surgery.

Past Ocular History

¢ No additional ocular history

Medical History

e Two-year history of well-controlled complex partial seizures
¢ Normal magnet resonance imaging (MRI) brain without contrast (2 years prior)
e Asthma with recent exacerbation requiring hospitalization
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Surgical History

e None

Medications

Levetiracetam 750 mg at bedtime
Vitamin B6 200 mg at bedtime
Escitalopram 10 mg daily
Methylphenidate 25 mg/5 ml twice daily
Mirtazapine 30 mg at bedtime

Allergies

e No known allergies

Family History

¢ No strabismus or inherited eye disease

Social History

e Non-contributory

OCULAR EXAMINATION

Visual Acuity (VA) with correction (Snellen)
¢ Right eye (OD): 20/25-2 (pinholes to 20/20-1)
e Lefteye (0S):20/20-1
VA without correction (Snellen)
e 0D:20/25
e 0S:20/20-2
Pupils

e OD:7.5 mmindark = 5.5 mmin light

e 0S:8mmindark = 6 mmin light

e Round and briskly reactive both eyes (OU)
¢ No relative afferent pupillary defect OU

Intraocular pressure (iCare Tonometry)

e 21 mmHgOU

Stereo Vision

e Titmus stereo test: No measurable stereopsis



e Worth 4 Dot: Alternating suppression at distance and near

Motility and Strabismus

Alternate cover testing without correction

Ductions full OU

No nystagmus or abnormal head position

60-65 prism diopters of esotropia (ET) with distance fixation, comitant
65 prism diopters of esotropia with near fixation

Adding correction did not change primary distance or near alignhment

Fixating eye: Left

0O 0 0 | ET60 0O 0 0
ET60-65 | o o | ET60-65 0 0 | ET60-65
o o o | ET6O 0O 0 0

Near: ET’ 65
(../cases-i/case267/tablel-LRG.jpg)

Wearing Refraction (Rx)
e OD:-1.25+0.75x 180
e (0S:-0.75sphere
Cycloplegic Rx
e (OD:+1.00+0.50 x 180 (VA 20/25)

e 0S:+1.00+0.50 x 180 (VA 20/20-1)

General

e Normal mood and behavior

External Exam

¢ Normal

Slit Lamp Exam

¢ Normal anterior segment exam OU
¢ Normal-appearing optic nerves with cup-to-disc ratios of 0.3 OU
¢ Normal fundus examination OU
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CLINICAL COURSE

An MRI brain with and without contrast was performed to evaluate for intracranial pathology; this returned
unremarkable. Due to the change in cycloplegic refraction from low myopia to low hyperopic astigmatism, his
myopic glasses were discontinued. He had excellent visual acuity without correction. His mydriasis was
considered to be secondary to methylphenidate. At a six-week follow-up, he had adopted a large but variable
chin down head position of up to 55 degrees. Alternate cover testing without correction is shown below and
demonstrated a V-pattern esotropia with 8-10 prism diopters (PD) of ET in up-gaze, 30 PD of ET with distance
fixation, 35-40 PD of ET with down-gaze, and 20 PD of ET with near fixation. He had a small left hypertropia (LHT)
with 25 PD of ET on right gaze and a flick of right hypertropia (RHT) with 35 PD of ET on left gaze. He also had
mild abduction restriction of the left eye and slight overaction of the inferior oblique muscles in both eyes.

Fixating eye: Right
T
0 0 +1 ET 8-10 +1 0 0 ET 25
ET 25 ET35 |LHT3
LHT 2 . g |.EL3D 0 1-2 | pyTA
| I Lefttilt:
0 0 -1-2 | ET3540| _-1.2 o 0 ET 30
RHT 5

Near (sc): ET" 20
LHT' 2
(../cases-i/case267/table2-LRG.jpg)

Due to the change in his measurements, a full neurologic evaluation was performed and acetylcholine receptor
binding antibody to test for myasthenia gravis was drawn. Neurologic examination, review of systems, and
laboratory testing were all normal. At his ten-week follow-up, his exam had stabilized with 40 degrees of chin
down head positioning and a V-pattern ET with 35 prism diopters PD with distance fixation and 40 PD with near
fixation. He still had no measurable stereopsis and continued to alternate suppression at near, as measured by
Worth 4 Dot.

He was treated for acute non-accommodative ET with botulinum toxin injection under general anesthesia. Five
units of botulinum toxin A were injected into the bilateral medial rectus muscles using the closed conjunctival
technique. He had a brief episode of right upper eyelid ptosis the week after surgery, but this resolved quickly
and completely. Motility and strabismus testing at post-operative week one demonstrated an alternating
exotropia (XT) of 45 PD with distance and near fixation in addition to a bilateral adduction deficit, as was
expected. At his two-month follow-up, the patient had stereopsis and fusion. His motility was full, and he had a
small XT at distance and a flick of XT at near. By post-operative month three (Figure 1), the patient had an
esophoria (E) of 5 PD with full motility, stereopsis, and fusion. His excellent alignment is shown at post-operative
month five (Figure 2) and maintained at his most recent visit, one year post-operatively.
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Figure 1. Gaze photos demonstrating excellent post-operative alignment in all gazes three months after
bilateral medial rectus botulinum toxin injections.
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Figure 2. This patient achieved excellent alignment, shown at post-operative month five and maintained
through one year post-operatively.

Case 2

Chief Complaint

Constant right eye crossing with binocular, horizontal diplopia

History of Present Illness

A 5-year-old girl presented with sudden onset of blurred vision, right eye crossing, and diplopia for three weeks.
Two days before her symptoms began, she hit her head on the playground without loss of consciousness or
other neurologic symptoms. A head computed tomography (CT) and brain MRI with and without contrast were
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performed in the emergency department at that time, and these studies were negative for intracranial
pathology. Parents reported that her first episode of right eye crossing occurred twelve months prior to
presentation and lasted for one week before completely resolving. No MRl was done at that time. Her parents
also recalled that she very rarely had intermittent crossing when she was tired.

Ocular History

¢ No additional ocular history

Medical History

¢ Treated prophylactically for Lyme disease at the time of diplopia onset despite negative serologic testing.
She had no symptoms or signs of Lyme disease.

Past Surgical History

e None

Medications

e None

Allergies

e No known allergies

Family History

¢ No known strabismus or inherited eye disease

Social History

e Non-contributory

OCULAR EXAMINATION

Visual Acuity without correction (HOTV)

e 0D:20/20-1
e 0S:20/20

e Near OD: 0.4M
e Near 0S: 0.4M

Pupils

e Equal (5 mmindark and 3 mmin light), round, and briskly reactive OU
¢ No relative afferent pupillary defect OU

Intraocular pressure (iCare Tonometry)



e 18 mmHgOU

Stereo Vision

e Titmus stereo test: No measurable stereopsis
e Worth 4 Dot: Suppression OD at near

Motility and Strabismus

Alternate cover testing without correction

e Ductions full OU

¢ No nystagmus or abnormal head position

e 35PD of esotropia with distance fixation, comitant
e 30 PD of esotropia with near fixation

e Small associated vertical deviation

Fixatingeye: Left

ET 35
RHT7

ET 25
0 0 0 RHTS
ET 35 . 0 ET 35
RHT 5 ~ RHTS5
ET 35
o 0 0 RHT 5
Near: ET' 30
RHT' 3

(../cases-i/case267/table3-LRG.jpg)

Cycloplegic Refraction

e OD:+1.50 sphere
e (0S:+1.50 sphere

General

o Normal mood and behavior

External Exam

e Normal

Slit Lamp Exam

¢ Normal anterior segment exam OU

¢ Normal-appearing optic nerves with cup-to-disc ratios of 0.3 OU

e Normal fundus examination OU

CLINICAL COURSE

Right tilt:
ET 35

Left tilt:
ET 35
RHT 10
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The patient's ET did not improve with full cycloplegic correction. She developed a decrease in visual acuity of
one line in the right eye at six- and ten-week follow-up visits. Fresnel prism of 35 PD was tried at six weeks to
help with her diplopia, but this was promptly discontinued due to worsening depth perception, especially while
playing T-ball. Serial neurological exams did not reveal any cranial nerve palsy muscle weakness or restriction.

The patient was treated for non-accommodative ET with botulinum toxin. Five units of botulinum toxin A were
injected into each medial rectus under general anesthesia. Similar to case 1, she had a moderate XT at the one-
week post-op, and this gradually resolved. Her visual acuity equalized, and the patient also had an improvement
in stereopsis and binocularity over time. At her six-week (Figure 3) and ten-month follow-up, long after direct
action of the toxin had ceased, she had an intermittent ET of 5 PD with distance fixation and 3 PD of esophoria at
near. Her motility was full OU.

Jountdserg
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|Figure 3. Nine gaze photos demonstrate the patient's excellent alignment in all gazes at post-op week six.

DISCUSSION

Acute non-accommodative ET, also referred to as acute comitant ET, is a comitant deviation, which cannot be
explained by a known history of strabismus, cranial nerve palsy, intracranial pathology, or underlying neurologic
or developmental abnormalities. It presents after two years of age. In 1958, Burian and Miller described three
subtypes of acute non-accommodative ET [1-4]:

e Swan type (type I): acute onset ET following disruption of binocularity

e Burian-Franceschetti type (type Il): minimal hypermetropia without an accommodative element that is
not linked to an underlying etiology

¢ Bielschowsky type (type Ill): associated with myopia and usually develops in adolescents and adults

All three types of acute non-accommodative ET, especially the Burian-Franceschetti type, may be related to
physical or psychological stress [2-4]. The etiology of Swan type is thought to be a result of monocular artificial
interruption of fusion secondary to patching for amblyopia treatment, ptosis, corneal abrasions, visual loss in
one eye, or uncorrected hypermetropia [5]. Burian-Franceschetti type may often present with diplopia despite
there being no underlying neurological cause [6]. Bielschowsky type is thought to be caused by a spasm of
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convergence in the setting of uncorrected myopia leading to increased medial rectus tone, and this type has
been associated with smartphone usage in adolescents [2]. Both of the cases presented here are fitting with the
Burian-Franceschetti type.

Prior to epidemiological evidence, the prevalence of acute non-accommodative ET was thought to be quite rare
[7]; however, recent evidence suggests this is not the case. In a 10-year retrospective population-based cohort
study that tracked incidence of cases of childhood strabismus, acute non-accommodative ET was identified as
the third most common type of any strabismus, after accommodative ET and intermittent XT; this study
suggested acute non-accommodative ET is significantly more common than congenital ET [8]. The prevalence
was estimated at 1 in 287 live births through a 30-year retrospective chart review of a population-based cohort
[9]. Of all patients with ET, 16.6% were reported to have the acute non-accommodative type [10].

Acute ET can be caused by intracranial pathology, so a full workup is necessary to definitively rule-out such
causes. A thorough history regarding duration, neurological symptoms, and ocular history should be obtained.
Most patients with acute non-accommodative ET present with acute eye crossing and symptoms of diplopia in
the distance. The angle of ET ranges from 16 to 70 PD [8], and most patients are stable with comitance in
horizontal gazes.

Symptoms that may suggest a neurological cause include [11]:

e Headache

e Clumsiness

¢ Developmental regression

e Balance, appetite, or personality changes
e Persistent diplopia

Signs that may suggest a neurologic cause include [11]:

e Abnormalities of cranial nerves

¢ Variable deviation with hydrocephalus or Arnold-Chiari malformation
e Vpattern in bilateral cranial nerve VI nerve palsy

e Larger ET at distance than at near (divergence insufficiency pattern)

e Clinically visible upgaze, downbeat, or abduction nystagmus

® Fragile suppression

¢ Inability to maintain fusion

e Papilledema

e Pupillary defects

Any lateral incomitance should increase suspicion of a cranial nerve palsy, Duane's retraction syndrome, or
myasthenia gravis. Additional lab testing (e.g., myasthenia gravis labs) may be necessary. CNS neoplasms are
relatively uncommon compared to acute non-accommodative ET, but an MRI brain with and without contrast
should be promptly ordered if any abnormal neurological sign or symptom is present [9]. For all cases, frequent
follow-up exams should be performed to determine measurement and prescription stability, as well as to
monitor for development of amblyopia.

For acute non-accommodative ET, treatment options include botulinum toxin injection (i.e.,
chemodenervation), strabismus surgery, prisms, and observation. The usual recommended treatments are
botulinum toxin and strabismus surgery due to their long-term efficacy. Successful treatment is defined as final
horizontal alignment of <10 PD with binocularity based on stereo testing [12]. Following treatment with
botulinum toxin, it is common to have induced XT and ptosis, as seen in both our patients. The XT gradually
resolves over two months [12]. As with both of the patients presented above, botulinum toxin injections for non-
accommodative ET can result in excellent alignment, return of binocularity, and balanced visual acuity. If ET
does return, these patients may benefit from additional botulinum toxin injections.



Botulinum is a neurotoxin derived from the gram-negative anaerobic bacterium Clostridium botulinum that
interferes with acetylcholine release from peripheral cholinergic nerve terminals [5]. Botulinum toxin A was used
in this case because out of the seven known botulinum serotypes, Type A is the only serotype that has been
extensively studied for the use in strabismus and has been deemed safe and effective [13].

Botulinum toxin is indicated for:

¢ Small and moderate angle ET (including early intervention for infantile ET)
e Residual ET requiring reoperation

e Strabismus surgery augmentation in large angle ET

e Acquired ET in children

e Acute cranial nerve 6th palsy

Botulinum toxin has a direct effect on the neuromuscular junction for only three months [12], yet a 2012
Cochrane review suggests that botulinum toxin has long-lasting effects in children with one or two injections
needed for permanent alignment stability [14]. The exact mechanism leading to long-term ocular alignment
after botulinum toxin injection is not fully elucidated. However, it is thought that these injections allow
physiologic correction instead of an anatomic correction [14]. Other mechanisms of action of botulinum toxin
include the reversal of fibrosis and contraction in a tightened muscle, permanent lengthening of the antagonist
muscle microscopic neuromuscular junction changes, myofibril remodeling, and reestablishment of
binocularity [12].

When administering botulinum toxin in the operating room, the surgeon identifies the muscle insertion, grasps
the muscle through the conjunctiva with forceps, and injects into the muscle belly. The botulinum is prepared
with 100 units of botulinum toxin A concentrated in 1 cc; exactly 0.05 cc (5 units) of this solution is injected into
each muscle. Based on clinical impression, this concentrated dosing appears to reduce the spreading of the
toxin, limiting the prevalence of ptosis [12]. There are multiple manufacturers of botulinum toxin A and a variety
of dosages employed, yet there is insufficient clinical trial data comparing the relative efficacy of different
dosages or different manufacturers [14]. In light of this, some experts agree on 5 units per muscle for all patients
to achieve maximal effect [6, 12]. Electromyography (EMG)-guided botulinum therapy may be helpful for
patients with a history of prior strabismus surgery for which scarring may make it difficult to locate the muscle.
Using an EMG-guided needle, the surgeon can locate the muscle more accurately penetrating the muscle
posteriorly closer to the nerve insertion.

When compared to strabismus surgery, advantages of treatment with botulinum toxin include shorter operative
procedure of 5 minutes per muscle vs. 71 minutes average, decreased time in post-anesthesia care, lower
healthcare costs, low risk of over correction, low risk of scarring, and minimal post-operative pain [12]. The
success rate of botulinum toxin vs. strabismus surgery is not significantly different, and surgeons are generally
more comfortable treating earlier with injections compared to traditional strabismus surgery [12].
Disadvantages of botulinum use are risk of muscle atrophy, temporary ptosis, temporary induced exotropia,
lower effectiveness in large angle strabismus or patients with no binocular capability, cost of the medication,
and less precision given no dose recommendations based on angle deviations [12, 15]. It is also not effective for
large angle ET when used alone [5, 6, 13].

After botulinum injections, post-operative alignment may take approximately six weeks to stabilize; this is
slightly longer than seen with traditional surgical intervention. Side effects of botulinum toxin injections,
especially at higher doses, include ptosis, subconjunctival hemorrhage, vertical deviation, and induced,
transient XT with diplopia. In contrast, common side effects of strabismus surgery include conjunctival injection
and scarring, and less common local complications include corneal dellen, conjunctival cysts, and pyogenic
granulomas [12]. There are similar rates between the two for serious complications, including periocular
infections, retinal tears, and endophthalmitis [12, 14].



DIAGNOSIS

Acute non-accommodative esotropia

EPIDEMIOLOGY

e 1in 287 live births
e Third most common type of strabismus

SIGNS

Stable deviation

No improvement with refractive correction
Comitance in horizontal gazes

Similar angles of deviation at near and distance
Minimal A or V pattern

No nystagmus

Suppression

Ability to fuse with prism adaptation

Normal neurological exam

SYMPTOMS

e Acute onset

as suppression occurs
e Decreased balance or depth perception
e Blurred vision
e May occur after a systemicillness

¢ Diplopia at onset that may gradually improve

TREATMENT

Botulinum toxin injection

EMG-guided botulinum toxin injection
Strabismus surgery

Prisms

Observation

Summary

e Acute non-accommodative ET is a diagnosis of exclusion that often involves ruling out other neurological

causes.

¢ Acute non-accommodative ET with small to moderate angles of deviation can be effectively treated with

botulinum toxin injection.

e Botulinum toxin injection is an inexpensive therapy, requires very limited operating room time, and is a

safe, effective procedure.

e Common temporary side effects of botulinum toxin injection include induced XT and ptosis.

Differential Diagnosis

Myasthenia gravis
Intracranial tumor
o Various types

e Chiari I malformation
e Cranial nerve palsy—CN VI palsy

o Traumatic

o Viral

o Compressive
¢ |diopathic intracranial hypertension
e Infectious—meningitis
¢ Disruption of fusion
o Secondary to occlusion therapy




Refractive

o Accommodative ET

o Anisometropic amblyopia

o Uncorrected hypermetropia or myopia
Benign idiopathic

o Acute non-accommodative ET
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